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SUMMARY SHEETS

Bostwick Division, Kansas River District
r . Misscuri River Basin Project

LOCATION: Scubvh Central Nebraska ané North Central Kansas on the
Republizar RBiver extending from Orleans, Nebraska, to
Concoxrdia, {ansas

AUTHORTZED:  December 22, 19L), by Aet of Congress (Public Law| 53L,
78th Congress, 2nd Session) Senate Document 247,  78th
Congress, 2nd Session, 19Ll.

\

PLAN

The Bostwick Division is being developed along the Republican River
in Nebraska and Kansas, The division plan provides for regulation
of stream runoff for flood and sediment control, and for ultimate
irrigation of 90,000 aecres in Harlan, Franklin, Webster and Nuck-
olls Counties in Nebraska and Jewell, Repui:iic. and Cloud Counties
in Kansas. The two major features of the plan are Harlan County
Reservoir, constructed on Republican River by the Corps of| Engineers,
and the potential Lovewell Reservoir on White Rock Creek, a tribu=
tary to the Republican River. Lovewell Reservoir could also provide
a source of supplemental water supply for three muni cipalities

in Kansas, Complete distribution and drainage systems will enable
the irrigation of 86,2L0 acres, of which 24,240 acres are in Neb-
raska and 62,000 acres are in Kansas. The supply works and major
distribution works features, however, are being constructed with
sufficient capacity to nommally provide water for an additional
3,760 acres of potential irrigable lands in Nebraska. Project lands
will be gerved by six main canals, Two of the canals will divert
from outlets in Harlan County Dam; three will divert from two
diversion dams on Republican River; and one canal, Franklin South
Side, derives its water supply by a pump diversion from Republican
River. No power will be developed initially in the division although
provisions have been made during construction of Harlan County Dam
to facilitate future installation of a power penstock. Substantial
annual benefits will acerue from irrigation, flood control, fish
and wildlife conservation, and recreational facilities provided by
the division plan.

DFFINITE FLAN REPORTS

Vole 1 «ss General Plan of Development for Bostwick Division
Subsequent design volumes will be prepared in the order deter-
mined by construction schedules.
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COSTS

Harlan Céunty Dam and Reservoir .
Lovewell Dam and Reservoirs « o »
Superior-Courtland Diverslon Dam.

Secandia Diversion Dam
?umping Plant3. s « o »
CandlBa « s 4 ¢« & » o @
Lataral&- * L] - . L] e« 8
Drainage System « + =

L]
L]
.
L]

- " @ e

Floodway Channels (non-reimbursable).

Qeneral Property (excl.coops.developmen

Farm Unlt Development « s« s s s s s &
Distribution Lines and Substations.
Fish and Wildlife « « ¢ s & s o & o
Hecreation. « « o« o s s s o & s »

BENEFITS, ALLOCATIONS AND REPAYMENT

Annual Benefits

Flood Control:

Reservolrs, . . «
Floodway Channels
Irrigation , « s « « &
Fish and Wildlife. « «
Récreation « + o o« ¢ o

*« = o ® =

Allocation of Costs and Repayment

* & 8 ® =

L]
L]

Nonreimbursable -~ flood control.

Reimbursable:

Irrigation, recreation, fish

and wildlife .

Balance to be repaid by extension
of repayment period or Missouri

*« & = » ¢cFes 9 @ = @ @8 @& 8 @

. e ® 8 ®

)

» % % 8 & 44 ® 8 & & @ % =@ @9

@ & @& 9 & & a

Irrigation repayment LO-year period.

River Basin Project power revenues

BENFFIT = COST RATIO

#L5,917,000
10,450,000
1,903,000
2,880,000
1470,000
22,217,000
6,852,000
6! 5301 000
790,000
203,000
81,000
223,000
82,000
12,000

117,900
2,368,800
3h,L00
100,900

$52,723,000

$ b,657,000

14,131,000 b/

a/ Net benefits after deduction of private costs. _
b/ Includes cost of drains to be constructed by irrigation districtss -

111

38,592,000
.5 to 1.0
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TRRIGATTON

Classification of Irrigable Iand

Class 1 Class 2 Class 3 (Class 4hl Total

Units (acres) (acres) (acres) (acres) | (acres)
Nebraska
granklin—Red Cloud 3,hg9 8,102 3,152 283 13,221
uperior-Courtland 3,965 3,090 -9 3 2
Subtotals (Rounded) ~7,[00 'j.'i‘:‘fsa‘ﬁ “L,120 T1,530 EEf'EIIG
Kansas J ¢
Courtland g,lﬁ? hg,gga 3,l15 -— hg,gog
Scandia ' 7L0 0 —— o 13,00
Subtotals ERounded) 8,590 19,700 3,L10 - 621000
Totals (Rounded) 16,290 60,890 7,530 1,530 86,240

Amortization Data Bostwick Division

Nebraska Kansas
ortion ortli
Payment Capacity/ac/yr %060 5?.16
%M & Replacements/ac/yr 3.38 2.67
Amortization Capacity/ac/yr 522 6.13

Number of Farm Operating Units:
Present o« ¢ o & « ¢ o s s & & B % B 5 8 B ¥ o 8 ® 789
Ant”.cipated *® & & & B & & ¢ e 9 e ® & @ LI ) 1.109

Growing season: 155 days at Red Cloud, Nebr., 191 days at Concordia,
Kansas

Elevation of project area: ms8l . o o s « o o » » « » » 1,380 to 1,900 ft,

Requirements of Irrigation Water

Consumptive use Effective Diversion
. requirement precipitation requirement
Unit and Canal aveanne fte av, ann. ft. av. ann. ft.
Franklin=-Red Cloud Unit
Franklin 2,54 1,53 «39
Naponee 2,54 " 1.53 +39
Franklin South Side 2.5l 1.53 +39
Superior-Courtland ynit
_.Buperior 2,56 1.60 .16
GOurtl&nd( Nebraaka ) 2, 5'6 L. 60 . BB
Courtland Unit
Courtland (Kansas) 2,56 1.60 .88
Scandia Init ‘
Seandia 2,57 1.69 ﬂ.?&
iv
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Canal Data

i Initial First water All project
Length  Capacity to be lands| to be

Canals {miles) (cfs) applied irrigated
Franklin 5L.0 230 pril 19 ifar. L9506
Naponee 9.6 36 Nove 195U Jan. [L959
Franklin South
Side Pump L9 u2 April 1953 Mar. 1957
Superior 33.1 139 Mar. 1953 Mar. 1959
Courtland, Nebr. 16.1 751 Jan. 1954  Mar. 1960
Courtland, Kansas, above
Lovewell Res. 18.3 685 Oct. 1954  April] 1961
Pump Area No, 1 5.0 36 —— e
North 6.2 50 ——— ———
Ridge 6.0 90 — ———
Courtland, Lovewell Res,
to Courtland West 8.9 634 Jan. 1957 Jan. (1958
White Rock .6 50 — ——=
Pump Area No. 2 6.1 L2 — —
Miller B.hy 120 —— ———
Courtland, below -
Courtland West 1.8 3L0 Jan. 1958 Jan, [1958
Pump Area No. 3 2.3 30 —— e
Courtland West 10.2 280 April 1958  April| 1959
Courtland West Ext. 15,2 120 April 1959  April 1960
Pump Area No. L 3.5 L2 —— —
Scandia 18.3 230 April 1959  April] 1959
MUNICIFAL WATER . None
POWER None
STORAGE DAMS
Location

Harlan Co. (USCE): On Republican River 12 miles west of
Franklin, Nebraska
Lovewell: On White Rock Creek 3 miles northwest of
Lovewell, Kansas

Harlan Co,(USCE) Lovegwell

Type Farth-rill EartH-fill

Hydraulic height, feet ; 107 85

Volume, cu, yds. 13,400,000 2,150,000

Spillway capacity, cfs ;31,000 64,100
v
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RESERVOIRS Harlan Co. (USCE Lgvewell
' Elevation at maximum
controlled storage, msl 1,973.5 1,595,3
Active storage, ac-ft
initial conditions 752,800 75,200
Capaolty below bottom irriga-
tion outlets, ac=-ft,
initial conditions 97,200 3,800
Storage capacities after 50 years of operationi
(acre-feet) (acre=feet)
100,000 ac-ft, sediment 8,000 ac-fit. sediment
Conservation 75,000 12,000
Irrigation éTS,OOO gh,OOO
Flood control 00,000 4, 000
Total 750,000 88,000
DIVERSION DAMS
Superior-
Courtland Scindia
Type Concrete Cohcrete
Height above old stream bed, ft. 7 Llo
Initial canal capacity, cfs 751 & 139 30
Design floods, cfs k2,000 TO,FOQ
PUMPING PLANTS
River Pumpg: Franklin
South Side
Number of units 32
Type Electric
Capacity, cfs (per unit) 15.9
Horsepower (per unit) Ll
Lift, feet 18.74
Courtland Canal Pumpss:
No. 1 No. 2 No. 3 0s I
Type Electric Electric Flectrie E%ectric
Capacity (c.f.s.) 30 36 30 L2
Horsepower 230+ 190+~ 100 ~ 180"
Total head in feet LB 32 20 26
vi
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HYDROLOGY

Net Contributing drainage area,
Average annual depleted inflow,

Harlan Co. QUSCE! Lovewell
80 mie jl 7 BE'E

ac-ft (1929-1947) 356,400 7,700 a/
Maximum annual depleted inflow, ac-ft 724,100 5900
' (1935) b/ (1949)
Minimum annual depleted inflow, ac-ft 106,500 1,300
(1940) (Este 193L)
Peak discharge of record, cfs 260,000 3,300
_ (June 1935) (July 1950)
Minimum discharge of record, cfs 6.8 0
(Oct. 1937) (Intermitdently
Inflow design flood, ac-ft 3,085,000 173,000
Vol. 11 1/2 days Vol, 72 hours
Inflow design flood peak discharge,
cfs 485,000 115,000
a/ An additional 19,L00 ac-ft of storable inflow from the Republican
River will enter Lovewell Reservoir by way of the Superiox-
Courtland diversion and the Courtland Canal,
b/ Depleted inflow for 1947 somewhat larger but has not been comput ed
for the full calendar year,
REMARKS
The Nebraska Bostwick Irrigation District, organized in April 1918,
negotiated a repayment contract with the United States in February 1949,
The Kansas Bostwick Irrigation District was organized in December 1918

and a repayment contract with the United States was negotiated in
1951s Both contracts were confirmed by state courts,
district in Kansas did not include
Unit,

13,000 arable acres in the Scan

Detalled lnvestigations resulted in suggested suhatitutions a
some of the oripinal acreaged in both irrigation districts, Othen
found feasible of irrigation by investigations and the 13,000 arab
acres in the Scandia Unit may be included in the two irrigation di
by revising district boundaries and renegotiating repayment contra

vii

The irrigadrcn
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APPENDIX II
WATER SUPPLY

Introduction

L

Summary and tonclusions ¢ i
The' Bureau of Reclamation general plan of development for
the Bostwick Division presented in this report will assure a reali- :[
zation of the greatest public benefit with a plan of operation
sufficiently comprehensive to permit the maximum integration of ‘
the needs of other uses consistent with the primary purpese of
irrigation, The factors which make up the total use of water are
the Bureau of Reclamation planned increase in irrigation, private
irrigation existing and potential, flood control, farm ponds, ;edi—
ment control, public health requirements, stream pollution abate-
ment requirements, wildlife preservation, recreation, and munigipal,
domestic and industrial requirements,

The Bostwick Division including all the lands in the Republi-
can drainage between Harlan County Heservoir and a north-south
line through Concordia, Kansas, is one of five divisions into
which the Republican drainage has been divided for Bureau of Récla-
mation investigations. This division is the fourth division
downstream order, iT

The Bureau plan of irrigation development for the Bostwick
Division provides for the irrigation of 90,000 acres in Nebraska
and Kansas, This expansion in irrigation will be accomplished
by using the regulated supply of water provided by Harlan County
and Lovewell Reservoirs, The initial storage capacity of thest
regervoirs for irrigation purposes will be 252,800 acre-feet for
Harlan County Reservoir and 40,200 acre-feet for Lovewell Resej
volr, Under normal operating conditions only 25,200 acre-feet
of the irrigation storage in Lovewell would be used. The remain-
ing space would be evacuated only in extreme dry periods,

i

=
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Water Supply

b .
g, The water supply considered to be avallable for developmeht
'f{of'the Bostwick Division is the water remaining after making
{allowndcés-for past uses and future potential uses including
Bureau of Reclamation proposed plan of development in the Upper
‘Republican, Frenchman-Cambridge and Kanaska Divisions. The
acreage of land to be irrigated has been based on the water supply
remalning after making allowances for use of complete allocatibns

of the Republican River Compact in upstream states., The use of
water is bgsed op the gongept that storgge water can be administered
to supple ow _so_that 8 sed for develop~

ment will share the water supply.,

The irrigation expansion in the Bostwick Division by the Bureau
of Reclamation, as proposed, is to be accomplished entirely with
river waters, This proposed plan does not contemplate pumping| from
the ground water for any irrigation development. It is anticipated,
though, that some of the probable development will be accompliphed
by developing wells,

Water requirements for municipal, domestic, and industrial
uges were studied and 1t is considered that these requirements
in the Republican River Valley will be adequately supplied fro
ground waters, These uses are presently satisfied from wells,
and it 4s expected that improved ground-water supplies due to per-
colating water from irrigation will provide an adequate supply|for
municipal wells.

=

Stream pollution abatement has been studied by the Public
Health Service and they have recommended minimum flows at critical
points along the river, Releases of water were made from Harlan
County Reservoir to adequately meet minimum {low requirements for
public health when return flows, local supplies and releases fpr
irrigation were not adequate to serve this purpose. Downstreal
requirements below Concordia, Kansas, will be adequately met b
return flows from the Bestwick Division.

s A =

All surface waters in the Bostwick Division have been analyzed
for mineral constituents and have been found to be satisfactory
for irrigation use, Water from wells has been found to be satis-
factory for irrlgation use between Harlan County Reservoir and
Scandia, Kansas, Only one well near Hardy, Nebraska, showed any
possibility of formation of sodium carbonates or bicarbonates,
All municipal supplies are from ground water and tests show these
waters to be suitable for domestic consumption. The ground water
is hard and requires large amounts of soap when the water is fsed
for washing, The quality of the ground water in Cloud County, | Kan-
sas, is questionable for irrigation,
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Water Supply

There are no established prior rights for gravity irrigatjon

secanals in the Bostwick Division diverting from the Republican
‘River. There are a few rights for pumping from the streams, but

it is anticipated that the owners will choose to obtain water from
canals provided in the Bureau plan of development. A supply of
water for these lands has been provided and the lands are included
in the acreage for which storage supplies have been determined|

All irrigation requirements are based on the Lowry-Johnson
method for determining consumptive use, The weather records used
in making the study are avallable at stations in or near the area
for which water requirements were determined,

Continuous stream-flow records are not available at all sta-
tions for the entire period of study and it has been necessary
to extend records by correlation with existing records at nearby
stations, The stream-flow estimates are all considered to be
reasonable,

Monthly operation studies were made for Harlan County and
Lovewell Heservoirs. These studies were made using the streamf
flow and weather conditions existing during the period 1929 through
1947. This period contains the years 1931 through 1940, which|is
the longest known sustained drought and includes the 1930-40 pgriod
used to base the allocations of water made in the Hepublican River
Compact., The studies were made with Harlan County Reservoir stor-
ing all ef the water flowing into it, allowing water to spill when
the irrigation storage space was filled., Releases from Harlan
County Reservoir for irrigation purpeses were made only after local
supplies, including return-flow waters, were inadequate to meet
the demands. The studies for Lovewell Heservoir were made storing
all the flow of White Rock Creek plus divertible quantities of
the accretion in flow between Harlan County Dam and the Superior-
Courtland Diversion Dam including spills from Harlan County Reger-
voir not required for irrigation on the land served by the Courtland
Canal above Lovewell Reservoir, No diversion was made for Love-
well Heservoir at the Superior-Courtland Diversion Dam during Janu-
ary and February because of icing conditions., These operation
studies show that there is an adequate supply of water to meet|all
requirements within the limits of tolerable shortages for irrija-
tion,

The Harlan County Reservoir operation study presented in this
report was operated without the use of storage from upstream reser-
voirs, An analysis was made of the shortages of all the projed¢ts
in the Republican drainage to determine the effect of enforcing
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. priorities of storage rights. There was only one year when th
" water stored upstream out of priority was enough to be benefid

Water

to the Bostwick Division materially, The enforcement of the

Supply

e .
ial

priorities of the Bostwick Division canals against upstream jynior

canals would not cause intolerable shortages on lands served f{
upstream reservoirs, however, such enforcement of priorities i
not necessary to insure a firm water supply to the Bostwick Dj

lsion,

This report contains a summary of the Republican River "(
pact Study" and a comparison of water uses made in the "Compag

Study" with Bureau Practical Plan of Development Study for thg

entire river basin, This summary demonstrates that the use of
water in the Bureau Plan of Development is in all cases withir
the limits of the allocations of waler reserved for each state
in the Compact and that there is an adequate supply of water,
upstream compact depletions, for all of the uses contemplated
the Practical Plan of Development. The distribution of water
assumed in the studies can be accomplished if the Federal Govs
ment will retain control of the water stored in reservoirs bui
or to be built with Federal funds for irrigation purposes, to
extent that such storage water can be administered to supplemd
natural flow so that all areas proposed for development in the
Republican Basin will share the available water supply.

This concept of use assumes a system operation of the res
voirs. An integrated plan of operation of the reservoirs has
been made. System operation will consist essentially of shari
of shortage in cxtreme dry years and capturing wastes and rety
flows from upstream canals and reservoirs in normal water year
In years when the water supply is normal, or better than normd
shortages will not exist but the principle of keeping the stof
waters as far upstream as possible at all times should be foll
The proportions of the lands to be irrigated in any unit have
so designed that each reservoir, and the land which the resery
is intended to serve, will operate as units without intolerab]
shortages. This method of operation can only be improved by g
of shortages through system operation in extremely dry years.

The water supply of the Republican drainage is, to a gred
extent, dependent on rainfall, most of which falls in thunders
The headwaters of the trioutaries do not originate in the mour
and hence have no flows which can be estimated from snow melt.
Some of the tributaries originate in the sand hills and have s
base flows. This sand-hill flow, plus developed return flows,
will be the dependable water supply of the basin which can be
or less accurately computed, but the portion of the supply duse
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Water Supply|

rainfall will not be subject to close estimates. Therefore, stored
! water should not be passed promiscuously from one reservoir t
. another in anticipation of expected river flows except to all

floods,

Plan of development

ate

The Bostwick Division is made up of lands along the Republican
River in Kansas and Nebraska between Harlan County Heservoir, land

Concordia, Kansas. It is a portion of the Kansas River Basin

Development, (see exhibits 1 & 2,) which was authorized by Congress
as part of the Missouri Basin Project in Senata Documents 191 land

247. Funds were appropriated by Congress for the construction
Harlan County Dam by the Corps of Engineers in Public Law 228,

77th Congress, First Session, and Public Law 534, 78th Congress,

Second Session, Thz construction of Harlan County Dam was col
August 1, 1946 and wac completed in the fall of 1952. Public
78th Congress, Second Session, appropriated monsy for the con
tion of the Superiur Canal, the Courtland Canal in Nebraska,

the Superior-Courtlaad Diversion Dam., These features were co

of

enced
aw 53k,
ruc-

d
leted

in the fall of 1950. Exhibit 1 is a map of the Bostwick Division
outlining the propused features required for the development of this

Division.

The water supply study presented herein shows an adequat

supply of water can be provided for the irrigation of 90,000 dcres

of irrigable land in the division, after making allowances of
for all upstream development in the Republican River Basin.
Bostwick Division, consisting of 28,000 acres in Nebraska and
acres in Kansas, has been divided into four units, as follows:
the Franklin-Red Cloud Unit, the Superior-Courtland Unit, the
Courtland Unit, and the Secandia Unit. Acreages of the variou
as well as of the constituent canal service areas are shown o
Table 1, which also reconciles water mipply acreages with acrea
being presented elsewhere in this report., The acreages formin
basis for the water supply studies conforms with the acreage b
down used in repayment cntract negotiations; vhereas acreage da
presented in other ChaptersadAppendixes of the Bostwick Divis
Definite Plan Report are based on later refinements to the di
land classification. Any error accrulng to the water supply s

ater

8
2,000

units

es
the
alc—
a
on
ision
udy

by virtus of these minor differences is considered to be within [the

allowable limita of error for such studies.

K
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Water Supply

The acreages used in the water supply studies were determined
from semi-detailed or detailed land classifications. Those ldnds
within the organized irrigation district boundaries have recejved
the detailed classification. Unorganized lands in the plan of devel-
opment include the Scandia Unit and certain lands in the Court-
land Unit, namely, the four pump lift areas and the gravity ageas
near Kackley and along Buffalo Creek,

It is proposed that the Bostwick Division will receive storage
water from the Harlan County Reservoir and from Lovewell Reservoir.
The Harlan County Reservoir, located on the Republican River pear
Republican City, Nebraska, will provide an initial irrigation|stor-
age capacity of 252,800 acre-feet for irrigation purposes. THe
Lovewell Reservoir, located on White Rock Creek about three miles
above the town of Lovewell, Kansas, will store the waters of Uhite
Rock Creek plus spills from Harlan County Reservoir which will be
diverted at the Superior-Courtland Diversion Dam and delivered to
Lovewell Reservoir through the Courtland Supply Canal, A portion
of the natural flow occurring in the liepublican River between |Har-
lan County Dam and the Superior-Courtland Diversion Dam during March
through December will also be diverted and stored in Lovewell |Reser-
voir., The Lovewell Reservoir has an initial storage capacity|for
irrigation purposes of 40,200 acre-feet. Under normal operating
conditions, only 125,200 acre-feet of irrigation storage would |be
used. The remaining space would be evacuated only in extreme|dry
pariods.

The Franklin-Hed Cloud Unit is to be supplied with water|from
three ecanals; the Franklin Canal will divert directly from Harlan
County Reservoir to serve an area on the north side of the Re ubli=
can River between the Harlan County Reservoir and the Superiorn-
Courtland Diversion Dam, The Naponee Canal, which also originates
at the Harlan County Dam, will supply water to the Franklin Unit
on the south side of the Republican River between the Harlan Gounty
Dam and Bloomington, Nebraska. The third canal, called the Frank-
lin South Side Canal, will divert water from the Republican River
by the means of pumps to se-ve lands on the south side of the
Republican River bebtween Franklin and Riverton, Nebraska,

The Superior-Courtland Unit which is in Nebraska will be
supplied water through two supply canals beginning at the Superior-
Courtland Diversion Dam near Guide Rock, Nebraska, The Superior
Canal will serve the area in Nebraska on the north side of the Repub-
lican River and the Courtland Canal will serve the area south |of
the river in Nebraska, The Courtland Unit in Kansas will be gerved
by the Courtland Canal, which will carry water to the Lovewell Reser-
voir and serve the lands in Kansas above Lovewell, It will also
serve the lands bzlow Lovewell Reservoir. It is proposed to Huild
Lovewell Reservoir on ihite Rock Creek to provide regulation flor
the Courtland Cunal and to provide storage space for White Rodk
Creek flows and spills and pickup below Harlan County Dam that| can
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'be diverted at the Superior-Courtland Diversion Dam. This dam|will
also eliminate the necessity of constructing a costly siphon across
White Rock Creek. Main emnals for the Superior Canal and the Gourt- -
land Canal areas in Nebraska have been constructed and the distri-
bution systems are under construction.

lve

The Scandia Diversion Dam on the Republican River just ab
Scandia, Kansas will divert water to the Scandia Unit. The lands

of the Scandia Unit all lie east of the Republican River betweegn
Scandia and Concordia, Kansas.

Water Resources

Regervoirs

Full irrigation development in this area is dependent upo
viding storage reservoirs to regulate the erratic flow of the
Winter flows and flood flows would then be held until required
irrigation., Harlan County Heservoir and Lovewell Heservoir wi
provide the required storage space.

The initial storage space for irrigation water in Harlan
and Lovewell Reservoir will total 293,000 acre-feet. Harlan C
Reservoir on the Republican River will have an initial irrigat
atorage capaclity of 252,800 acre-feet, Lovewell Reservoir on
Rock Creek will have an initial storage capacity of 40,200 acr

An allocation for fleod control of 500,000 acre-feet of s
in the Harlan County Reservolr has been made for the life of
Reservoir, It is estimated that 100,000 acre-feet of sediment
be accumulated in 50 years of operation. It is expected that-

¢ t~mall~aooumulatg in; thp-ilood storage ) _g;. Therefore
in or er to maqgtaln the' set size of the . floud—bontra{ pool the
elevation ef the irrigation.pool at the end of 50 years must b
changed:,, The elevation and size of the dead storage, irrigati
and flood‘cpntrol pool in Harlan County Reservoir under initi
50-year and 100-year conditions are listed in table 2.

An allecation of 50,000 acre-feet of space has been made
Lovewell Reservoir for flood control. It is estimated that 8,
acre-feet of sediment will be deposited in Lovewell in the fir
50 years of operation. Table 2 also lists allocations of stor
space for flood control, irrigation and dead storage under inipial,
50-year and 100-year conditions for Lovewell Reservoir,
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Operation studies were based upon conditions expected to
exist in the reservoirs at the end of 50 years, The irrigatid

n

storage available at that time will be 175,000 acre-feet in Hgrlan

County Reservoir and 35,000 acre-feet in Lovewell Reservoir.

additional water can reasonably be expected to be stored in the

Some

reservolr areas as bank storage. The effect of bank storage would
be to increase the storage capacity of the reservoirs, The increased

storage that could be claimed due to the bank storage has not
used in this study because the quantity and rate of inflow ang
flow from the banks has not been established,

Surface water supply

Water stored in Harlan County Reservoir will come from th
flow of the Republican River, Prairie Dog Creek and Sappa Cree
which includes Beaver Creek, Water stored in Lovewell Reservd
will come from White Rock Creek and spill water from Harlan Cqg
Reservoir which can be diverted into the Lovewell Heservoir.
Natural flow originating between Harlan County Reservoir and ¢
Superior-Courtland Diversicn Dam during March through Decembex
also be diverted into Lovewell Heservoir. These streams all H
erratic flow characteristics due to the summer rainstorms that
occur in the area causing heavy runoff, The flow of streams v
as the rainfall. The winter precipitation is low and the rung
is correspendingly low. The runoff from snow melt is usually
small, Rainfall is heaviest from March to July, however, exte
dry periods thirty to sixty days in length during the June to

been
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September period have occurred. Table 7 shows the annual flow of

the Republican River at Bloomington during the period of study
1929-1947. The maximum annual flow at this station was 1,087,
acre-feet in 1947. The minimum annual flow was 283,200 acre-f]
in 1940. This great difference in the annual flow is charactg
of all streams in this area.

Period of Gperation Study -. Exhibit 3 presents graphs of
historical precipitation over the Bostwick Division. The grag
of rainfall for the Franklin-Red Cloud Unit are based upon the
fall recorded at Red Cloud, Nebraska. The Superior-Courtland
and Courtland Unit annual rainfall variation is shown by plotd
ralnfall recorded at Superior, Nebraska. The third graph show
annual rainfall recorded at Republic, Kansas, prior to 1935.
1935 the rainfall recorded at Belleville, Kansas, is shown. 1
annual rainfall recorded at Cencordia, Kansas, has been plotte
to show the precipitation in the Scandia Unit.
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These graphs do not necessarily show all periods of drought

because even in a year of normal er above normal rainfall prolonged
dry periods, which reduce crop yields, are common. Because these
periods tend to be more severe in years with less than normal rain-
fall, the graphs of exhibit 3 are used to indicate periods of ¢riti-
cal water shortage. The average annual rainfall is greater in|the

eastern part of the division than it is in the western part.

The period of operation 1929-1947 was chosen because this |period

includes the most severe drought period (1931-1940) in history,

It 1s considered that there is a sufficient water supply if it |can
be shown that there is water enough to irrigate without intolezable

shortages during such a period as 1931 through 1940,

Analysis of rainfall and stream flow data of upstream stations
show there would have been sufficient water supply to fill all [reser-

volrs prior to 1929, therefore, the Harlan County and Lovewell

Reservoirs have been considered to be full at the beginning of |the

operation studies,

Water rights.--Development of the Bostwick Division must Ye

in compliance with the laws of Nebraska and Kansas and with thd

Republican River Compact. A brief summary of the state laws and

of the Republican River Compact follows:

Nebraska water laws -~The Legislative Act of 1895 is said [to

be declaratory of the existing Nebraska law as far as the right

of

a person to acquire a vested interest in the use of water by agpropri-
ation to a beneficial use is concerned, This was embodied in the
State Constitution of 1920, Article XV, Sections 5, 6, and 7. |[The

following provisions are made in Article XV, CS 1929,

"The necessity of water for domestic use and for irrigatidn

purposes in the State of Nebraska is hereby declared to be
natural want.

"The use of water of every natural stream within the State

Nebraska is hereby dedicated to the people of the State fdr

a

of

beneficial purposes, subject to the provisions of the following

section,

"The right to divert unappropriated waters of every natur
stream for beneficial use shall never be denied except wh

such

~denial is demanded by the public interest, Priority of appropria-
tion shall give the better right as between those using water for
the same purpose, but when the waters of any natural stream are
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§

n&ﬁ_aufficient for the use of all,.., those using the water

L

for .domestic purposes shall have preference over those claim-

ing it for any other purpose and those using the water for

agricultural purposes shall have preference over those uging

the same for manufacturing purposes. FProvided, no inferi
right to the use of water ..., shall be acquired by a sup
right without just compensation therefor to the inferiox

"The use of waters of the State for power purposes shall
deemed a public use and shall never be alienated, but may
leased or otherwise developed by law prescribed,"

The Bupreme Court of Nebraska has stated that running waf
is public, Jjuris; that the use of such water belongs te the py
and is controlled by the State in its sovereign capacity and {

or
erior
user,

be
r be

er
wblic
hat
ion

a riparian proprietor cannot appreopriate water without permls
of the state. According to the Supreme Court the State of Ne

raska's

Department of Roads and Irrigation has large discretion in granting

a right to make an appropriation. It is an administrative bo

having quasi-judicial functions and as such, is invested with|reason-
able discretion in the exercise of its supervisory power. An|appro-
priation may be cancelled by the Department if it appears upon a
hearing that the water has not been put to beneficial use or has

ceased to be used for more than 3 years. Such a cancellation
the Department is subject to appeal,

by

Each appropriative right contains a fixed date which dete¢rmines

the right to divert water when the supply is not adequate for

all

users, This priority date is the date upon which the first step was
taken to acquire the right, provided the appropriator is dillgent
in performing all subsequent acts in completing construction \orks
and application of the water to beneficial use. The holder of the
earliest priority on a stream has the first right to use whatever

water is flowing in the stream and may use the entire flow if

the

quantity of water he has gppropriated so requires, Hach priority
is senior to all those of later date and junior to all those of
earlier date, Dach appropriative right refers, in addition to the

date of priority, to a specific rate of diversion in cubic fegt

per second,

The following statute taken from the Revised Statutes of

Neb-

raska, 1943, governs the use of water in Nebraska for direct flow

and storage rights, Chap, 46-231 provides:

"Each appropriation shall be determined in its priority hnd

amount, by the time at which it shall have been made, angd

10
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the amount of water which the works are constructed to

IBETY .

* # % Nodlotment from the Natural flow of he streams fdr irri-
gation shall exceed 1 cu, ft, per second of time for eadh 70

acres of land nor 3 acre-feet in the aggregate during o

calendar year for each acre of land for which such apprd

tion shall have been made, ¥ # #j;provided that these 1in
do not apply to storage mitter; ¥ ¥ %

However, in Chap, 46-242 the frilowing appears:

e
pria=
iltations

it % 3 Ne appropriaticn of sicred water for irrigation shall

exceed 3 acre-feet during asuy calendar year for each aci
land for which such approgriation may be made,!

In Chap, 46-241, there are certain limitations placed on filli

reservoirs,

Mt ¥ #The owners orpessessors of reservoirs shall not he
the right to impound any water whatsocever in such resem
during the time that such water is required in ditches {
direct irrigation or for reservoirs holding senior righi

Water appropriations in Nebraska,--Table L lists appropi

rights for the beneficial use of water that have been grante
the State of Nebraska for diversion of water from the Republ;
River and from tributary streams at points that will be inun
by Harlan County Reservoir, 1/ This table shows irrigators
grants for a total of 26.72 second-feet of water in this are
5 lists the appropriation rights on the Republican River bets
Harlan County Dam and the Nebraska-Kansas state line, 1/ T
irrigators on the Republican River in Nebraska, below Harlan
- Dam are shown to have irrigation rights totaling 39.14 secon
One power right held by the Consumers Public PowerDistrict i
and shows a right for thewe of 400 second-feet of water.

The Consumers Public Power Flant has been purchased by
Bureau of Reclamation, and this power right subordinated to
irrigation purposes, The plant was shut down by the Bureau
Reclamation February 1, 1952, and the power canal filled in
earth, The diversion dam will be removed,

1/ Data published in the Twenty-seventh Biennial Repor
Department of Roads and Irrigation, Nebraska,
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= Kansas Water Laws—The Irrigation District Act (42-700,

¢ G4 S. Kansas) and the Water Appropriation Act (82a~700, G. S,
Kansas) have comparatively recently revised the Kansas water [Laws,
The constitutional validity was upheld in a decision of the Kansas
Supreme Court on June 11, 1949,

1945 Water Appropriation Act--On June 28, 1945, this act| gave

to the Division of Water Resources, State Board of Agricultute,
suthority to regulate and allocate surface and ground water flor bene~
ficial use in accordance with the doctrine of appropriation under
the rule of priority of rights. The law recognizes two clas
of water rights, (1) vested rights and (2) appropriation rights.
The use of water for domestic use for family and livestock are
recognized and are exempt from state regulations, Water users who
were using water at the time the law went into effect, or ha
water within a three-year period previous to that date, reta
their appropriations under vested rights, The water right o
appropriator may be terminated when he ceases to use his rig
over a period of three years or more, However, the terminat
of rights for nonuse is subject to the discretion of the Chi
Engineer of the Division of Water Resources who makes a stud
the conditions causing nonuse of water rights, and he may de
whether or not the rights should be terminated. The decisio
the Chief Engineer may be appealed to the District Court of
county in which the point of diversion for the appropriation
situated. The law states that, where appropriation of water
different purposes conflict, they shall take precedence in
following order: domestic, municipal, irrigation, industri
recreational and water power. In disputes as between approp
the first in time is the first in right. No limitation upon
amount or rate of use of water that can be diverted is defin
Kansas law. The quantity of a water right is left to the Se
Engineer, Division of Water Resources to set for each applic
use of water. No provision is made by the law for the stora
water for future use, For this reason it may be possible fo
downstream user to demand natural flow if one year's water s
is held in storage. Studies in this report assume that this
not be possible,

Water appropriations in Kansas—The Kansas State Divisi

Water Resources was requested by the Bureau of Reclamation t
information regarding water rights in Kansas on the Republie
above Concordia, Kansas, and on White Rock Creek. A tabulat
hugust 5, 1950, including all applications for permit to app
water as well as vested right claims for the use of water in |the
basin of the Republican River and its tributaries upstream from Con-
cordia, Kansas, was received, The vested right claims listed were

12
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i all for the use ef well water and most of them were for uses |ef

" ‘water by municipalities or industries, One of the appropriatiion

* applications was for use of water from White Rock Creek. Thq land
on which the appropriated White Rock Creek water is te be us
is in the reservoir slte, therefore, the water use under thi
application would be eliminated under the proposed plan of develop-
ment, The remaining appropriation applications were for use [of
water from wells or for the use of water from Prairie Dog, Sappa
and Beaver Creek, The water rights on these creeks are in the
Kanaska Division and are considered in the water supply st
that unit.

It was pointed ocut by officials of the Kansas State Div
of Water Resources that final determination has not been mad
vested rights in this area, The information forwarded to th
Bureau is based on the applications which have been filed and
claims for vested rights, Although the information regardin
rights in Kansas is incomplete it isconcluded that water rig
unaccounted for will not affect the water sipply study present
this report,

Depletions for use of water fromwells are consideredto b
reflected in historical records and no special depletionsto-t
water supply was made for these uses,

The extent ef vested rhghts downstream from the Bostwick
has not been determined. Mr. R. V, Smrha, Senior Engineer ef
Kansas Division of Water Resources, pointed out in a letter d
January 14, 1949, te Mr. H. E. Robinson, District hanager, K
River District, the principal wvested ights to be expected, He
listed appropriation rights below the Bostwick Division,

"c *S P rRr R BT ARS DN 'I bBliEVB that tlhe principal uBBB
vested rights will be found are those for municipal purp
particularly at Topeka and Lawrence. There are some ind
uses such as the Kansas Power and Light Company plant at| Tecum-
seh, the Bowersock Mill at Lawrence and very likely to s
extent in the vicinity of Kansas City. There will be,
also some very limited use of water for irrigation by an
occasional individual land owner along the river ..,....

g
e
=2
(]

o
w

-

"As to appropriation rights, a certificate of appropria-
tion has been issued to the Sunflower Ordnance Works for|use
of water from the Kansas River for industrial purposes to the
extent of 93 second feet and from wells in the valley to|the
extent of 15.5 second feet. There are two applications pending

13
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for appropriation of water for irrigation purposes from the
Republican River in Geary County which are prior to the applica-
tion of the Kansas Bostwick Irrigation District No, 2, These
applications involve a quantity of eight (8) second feet|and

a total annual volume of 280 acre feet. There are also pend-
ing applications for appropriation of water from White Rpck
Creek in Jewell County, prior to the Bostwick project, ihvolving
the diversion of three and one-half (3 1/2) second feet to the
extent of 200 acre-feet from wells and two (2) second febt to
the extent of 35 acre-feet from the stream."

It is shown in the discussion of estimated downstream water
need that there will be sufficient natural flow water for thepe
rights, The report of the Kansas State Board of Agriculture for
1950 containing a list of the Status of Water Appropriations Shows
that the Kansas Bostwick Irrigation District has an approved hppli-
cation for 130,000 acre-feet annually with a priority date of|July 16,
1948,

No application has been filed for the use of White Rock Creek
water on the Courtland Unit. 3efore Lovewell Reservoir is com-
pleted the Kansas Bostwick District should file an application to
use White Rock Creek water,

Republican River Oompact -- The Republican River Compact|is an
agreement between the States of Colorado, Nebraska, and Kansap for
setting limits for the beneficial consumptive use of the Republican
River Basin water in the respective states, This compact was|author-
lzed by the Act of Congress, August 4, 1942, (Public Law No. $96,
77th Congress, Chapter 545, 2nd Session.)

The compact allocated for beneficial consumptive use from streams
in Colorado, annually, 54,100 acre-feet of water. A total of|234,500 .
acre-feet of water was allocated annually for beneficial consgmptive
use in Nebraska, 132,000 acre-feet of which was from the main|stem
of the Republican River. Kansas was allocated a total of 190,300
acre-feet of water annually for beneficial use, Fifty-two thousand
three hundred acre-feet of this water was allocated on tributaries
of the Republican River originating in or flowing through Kansas;
the remainder or 138,000 acre-feet of water was the allocation of
main stem of the Republican River. The state of Kansas was also
granted the right to divert all or any portion of the 138,000|acre=-
feet allocation at or near the town of Guide Rock, Nebraska, |In
addition, the compact allocated to Kansas the entire water supply
originating in the basin below the Nebraska-Kansas state line| All
allocations are subject to the allocated quantity being physically
available,

1k
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. The above-mentioned allocations were to be made from the |virgin
water supply of the Republican River and the virgin water supplies :
of all the major tributaries of the Rapublican River as estimdted
by the Commissioners of the Compact. The Compact provides that if
the future computed virgin water supply varies from the quantity
as estimated in the compact more than 10%, the allocations shéuld
be increased or decreased in the relative proportions that th
future computed virgin water supply of such source bears to tHe vir-
gin water supply as estimated in the compact,

The average annual flow assumed in the Compact for each of
the maid streams in the basin and the allocation to each statd are
listed in table 3,

Estimation of historical depletions -~ There are no irrigation

districts in the Bostwick Division that have used water historically
for irrigation, A few farmers, mostly in Nebraska, have irrigated
their land by pumping from wells and a few have established rights
for the use of river water and have irrigated by pumping from |the
river. Water pumped from wells has not been sufficient to affect
the historical stream flows., The water rights listed in tablgs 4
and 5 can be used to indicate the maximum use of water from tHe
river. These tables show thz use of water has increased during the
period of study. No records of exact diversions have been made and
there is no record of the acres irrigated. In the past, few if any
irrigators have used their full water right in every year of dpera-
tion. In years of short water supply, water was not availabld to
give all a full supply and in years of plantiful water supply |it was
not necessary to use the full water right. Due to the lack of data
and because water used from the stream has been small, no det
tion of historical depletions has been made,

Historical records corrected for expected future development
are considered to reflect the local supply available for development
in the Bostwick Division. The historical depletions have beerl shown
in the foregoing paragraph to bs small. Due to the lack of rdcords
of actual historical uses in the Bostwick Division and becausd the
data upon which estimates of actual uses could be made is meagder,
the accuracy of the study would not be greatly improved by atfempt-
ing to correct flow records for historical uses, Since the histori-
cal river flows have not been corrected for the past historicgl uses
of water in the Bostwick Division, water shown to be availablg for
development of the Division is conservative to the extent of past
uses because the appropriative rights submerged by the Harlan|
County and Lovewell Reservoirs will be eliminated and because |the lands
with water rights below Harlan County Dam have been included with lands
to be supplied with water under the planned development,

15
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; ‘Stream-flow correlations and estimates -- Exhibit 4 is a bar
graph listing the stream gaging stations., The period of record
available for all stations below Harlan County Reservoir used in
determining the water available for development of the Bostwick
Division is also shown. BExhibit 5 is a location map of these stations.
Pertinent data describing these stations, such as the type of gage,
period of record, and the source of data are listed in table 6} Histori-
cal records of the flow at Bloomington and Hardy, Nebraska, and
Scandia and Clay Center, Kansas, were used in determining the
accretion in flow available at diversion dams on the Republican
River, Other records listed were used in determining the flow
into Lovewell Reservoir,

Bloomington -~ Historical records of the flow of the Repupli-
can River near Bloomington are available for the period from
April 1929 to October 1947. Historical and estimated flows at|this
station are listed in table 7. The records prior to November 18,
1938, were made by use of a ¢hain gage and the records since that
date were made by use of a water-stage recorder, All records at
this station are rated as good by the Geological Survey, except for
periods of ice effect when the records are considered to be only
fair. The average daily discharge at this station for the 1l8-year
period of record ending in September 1947 was 724 second-feet,| The
* average annual flow was 521,800 acre-feet. A maximum instantaneous
discharge of 260,000 second-feet was recorded June 1, 1935 and|a
minimum mean daily discharge of 6.8 second-feet was recorded Oftober 6,
7, 1936. The flow for the seven months prior to May 1929 was patimated
by use of the flow determined for Hardy, Nebraska. By using the
ratio of the average annunl discharge at the two stations for the
period of common record, the flow at Bloomington was estimated| to
be 87,7 percent of the flow at Hardy,

Hardy -- Historical records of the flow of the Republican
River near Hardy, Nebraska are avallable for the peried, June 1932
through September 1947. The historical and sstimated flows for this
station are listed in table 8. The average daily discharge at| this
station for the 15-year period of record was 836 second-feet. | The
average annual flow was 581,300 acre-feet. A maximum instantaneous
discharge of 225,000 second-feet was recorded June 2, 1935 and a
minimum mean daily discharge of zero flow occurred August 9-19, 1934.
The records at this station were obtained by use of a water-stage
recorder and are rated as good records by the Geological Survey,
except for periods of ice effect when they are considered to he fair.
Flows for the period of October 1928 through May 1932 were estimated
by correlating the flow of the river at Hardy, Nebraska and the flow
at Scandia, Kansas for the period of concurrent record, see exhibit 6.
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' This correlation shows the flow at Hardy to be 92 percent of the
" flow at Scandia,

Scandia -- Historical records of the flow of the Republi

can

River at Scandia, Kansas, see table 9, are available for the period

through September 1944, The historical flows and the estimat

pd flows

of the river at this station for the 20-year period of recordkaverage

820 second-feet. The average annual flow is 664,000 acre-fee

i The

maximum instantanecus discharge observed at this station was R15,000

second-feet recorded June 2, 1935 and a minimum mean daily di
of zero flow was recorded from August 9-21, 1934. The record

scharge
5 at

this station prior to July 2, 1925 were obtained by the use of a
staff gage and are not used in this report since they are pripr to
the period of the operation studies and the station was not rated.

The records for the period August 1928 through September 1935
made by use of a chain gage, and flows recorded after October

were
L

1935 were obtained by use of a wire weight gage. These recortis are

rated by the Geological Survey as good records except for per
of ice effect when they are considered to be fair.

The flow for the period of October 1944 through Septembe
was obtained by estimating the inflow between Hardy and Scand
adding this inflow to the flow recorded at Hardy. This was d
determining the average monthly accretion betwaen Hardy, Nebp
and Scandia, Kansas and between Hardy and Clay Center, Kansas
the period of concurrent records, October 1935 through Octobs
These aceretions are listed in tables 10 and 11. The average
accretion between Hardy and scandia was then determined in pe
of the total accretion between Hardy and Clay Center and the |
age was then used with the inflow between Hardy and Clay Cent.
obtain the inflow between Hardy and Scandia for the Octaober 1
through September 1947 period.

Clay Center -- Historical records of the flow of the Rep
River at Clay Center, Kansas are available as early as August
1904. The complete period during which records have been mad
this station is shown in exhibit 4 and table 6. Historical r
of the flow at Clay Center are listed in table 12,

The average discharge at this station for the 30-year pe
of record was 1,093 second-feet. A maximum peak discharge of
second-feet occurred June 3, 1935, Zero flow was recorded Au
7, and 9 to September 8, 1934, The records made at this stat
from February &, 1934 to date coincide with the period of thi
All records of flow at this station since February B, 1934, w
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made by use of a water-stage recorder except for the period of

January 3, 1935 to May 6, 1935 when a chain gage was used. Thp

historical records of flow at this station used in this study are

rated as good records by the Geological Survey, except for the
of ice effect when they are considered to be fair.

The flow for the period October 1928 through January 1934

peried

wasa

estimated by plotting the flows at Scandia and flows at Clay Center
for the concurrent period, October 1935 through October 1943, and

drawing the correlation curves as shown in exhibit 7.

White Rock Creek at Lovewell Dam site —-- Historical recc;ﬂs of

the flow of White Rock Creek near Lovewell, Kansas have been

de

since June 1946 and they are listed in table 13. The remainder of
the flows in this table are estimated flows. Historidal records at
this station were obtained by use of a water-stage recorder ang are

considered to be good records except for periods of ice effect

when

they are considered to be fair. The maximum historical discharge

for White Rock Creek occurred on July 10, 1950. A peak flow of

23,300 second-feet was measured. Zero flows for over a month at a

time have ocecurred,

The historical accretions in flow between Hardy and Clay Center,
table 11, were plotted against the historical flows of White Reck

Creek, in exhibit 8 and the correlation curve was drawn. This

curve

was then used to determine the estimated flows of White Rock Creek

for the period October 1928 through April 1929 and February 193
through May 1946,

The historical flows of White Rock Creek, at Lovewell Dam
table 13, were plotted against the historical flows of Solomon

4

gite,
River

at Beloit, Kansas, see table 14, in exhibit 9 and the correlatjon
curve was drawn through the resulting points. This curve was used
23 a basis for estimating the White Rock Creek flows for May 1929

through January 1934.

Harlan County Dam site. The historical flow at Harlan Co;nty

Dam site which is about 9 miles above Bloomington, Nebraska, w

3

estimated to be 98 percent of the historical flow at Bloomington,
This percentage is based upon relationship of the drainage area at
the two places which is 14,405 square miles above Bloomington and
14,127 square miles above Harlan County Dam site. The historigal
flow of the Republican River at Harlan County Dam site is listed in

table 15,

1a
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¢ Superior-Courtland Diversion Dam-~The nsarest gaging statfion

:;to the Superior-Courtland Diversion Dam is at Hardy, Nebraska which
is about 27 river miles downstream from the diversion dam, The
historical flow of the Republican River at the Superior-Courtland
Diversion Dam was estimated by determining the accretion in the flow
between Bloomington, Nebraska and the diversion dam and adding the
accretion to the historical flow at Bloomington, This accretilon
was estimated to be 69.8 percent of the accretion between Blogmi
ton and Hardy, The percent of accretion was based upon the
ship of the drainage areas above each station, Table 16 listd the
accretion of the Republican River between Bloomington and Hardy, and
Table 17 lists the accretion between Bloomington and the Superior-
Courtland Diversion Dam, Table 18 lists the determined historical
flow at the Superior-Courtland Diversion Dam. Table 19 lists [the accre-
tion between Harlan County Dam and the Superior-Courtland Diversion
Dam. The accretion in the flow between the Superior-Courtland Diversion
Dam and the state line is listed in table 20,

Scandia Diversion Dam--The propesed site for the Scandia
Diversion Dar is a point approximately one mile above the Scandia
gaging station, There is no important inflow between the proposed
site and the gaging station. Therefore, the historical flow at the
proposed diversion dam is considered to be the same as the flow
recorded at the Scandia gaging station.

The historical accretion between the state line and the Scandia
Diversicn Dam is the historical aceretion between Hardy, Nebralska,
and Scandla, Kansas which was presented in table 10. The building of
Lovewell Reservoir will eliminate most of the accretion contributed
by White Rock Creek in this section, therefore, the historicall
accretion of the Republican River between the state line and Spandia
Diversion Dam less the flow of White Rock Creek was determined| and is
listed in table 21,

Bstimation of future depletions to project inflow--Development
of the Bostwick Division is based upon the water supply that will
be left to the division after all probable upstream development
takes place, Upstream development has been divided into three| divi-
sions, the Frenchman-Cambridge, the Upper Republican and the Khnaska
Division, '

Frenchman-Cambridge Division--The Frenchman-Cambridge Divii-
sion covers the drainage area on the Republican River between
Trenton Reservoir and Harlan County Reservoir. Frenchman Creek,
Red Willow Creek and Medicine Creek are the main tributaries th the
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sﬁfs&ﬁ in.this area. Water requirements for this division wdre
determined in a Water Supply Appendix for the Definite Plan eport
for the Frenchman-Cambridge Divisien, dated February 1951,

Depletions for the Frenchman-Cambridge Division were made for
the irrigation of 68,570 acres by Bureau planned development |and
8,950 acres by private development. The average depletion fdr the
19-year period of operation was 94,600 acre-feet per year. [evelop-
ment of this division would be accomplished by using water stlored
in 4 reservoirs. Trenton Reservoir is under construction on [the
Republican River near Trenton, Nebraska. Closure was made orl Enders
Dam on Frenchman Creek October 23, 1950. Storage in Harry Stirunk
Lake began upon closure of Medicine Creek Dam August 8, 1949, Red
Willow Reservoir on Red Willow Creek is planned for future cdnstruc-
tion by the Corps of Enginsers. The capacities of these resdrvoirs
are listed in table 22, The acreages of the various units ir the
division are listed in table 23, Table 24 is a summary tabld of
the annual depletions for the 19-year period of study that willl be
caused by the development of the Frenchman-Cambridge Division,

The operation study of the Frenchman-Cambridge Division |shows
the lands to be served from the Enders and Red Willow Reservdirs

.would incur moderate shortages at times, Lands served by inders

Dam had shortages in 5 years out of the 19 years studied. THe
largest shortage was 13.3 percent of the consumptive use requirement
and the lands served by the Red Willow Dam had shortage in sqven
years during the period of study. The largest shortage for these
lands was a shortage of 13.6 percent of the consumptive use require-
ments,

The flow of the Republican River, excluding tributaries [in the
Kanaska Division, into the Harlan County Reservoir after all pro-
posed upstream developments determined in the Frenchman-Cambrfidge
Definite Plan Report is listed in table 25, The upstream depletions
on the Republican River result from the above-summarized devglopment
of the Frenchman-Cambridge Division and the Upper Republican [Divi-
sion.

Upper Republican Division -- The Upper Republican Division

covers the drainage area above Trenton Reservoir. Part of tHe states
of Colorado, Kansas and Nebraska are included in the Divisiorl. The
main streams of the area are the North Fork Republican, Arikﬂrae,
South Fork of the Republican and the Republican River. Depldtions
were made in the water supply study of this division for irrigation
of 6,700 acres by private means and for the irrigation of 13,800
acres by Bureau planned development, A breakdown of the acrdages
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.{Elghd in the water supply study of this area is shown in tables 26
i Jand 27, i

The plan for development of the Upper Republican Division calls'
for building 4 reservoirs, Wray Reservoir on the North Fork of the
‘Republican River would store water for development of the North
Republican Unit, The Pioneer Reservoir on the Arikaree River, above
the North Republican Unit would regulate flood flows. Bonny Res-
ervoir on the South Fork Republican River would store water for the
development of the St. Francis Unit. Rock Creek Reservoir on Rock
Creek would store water for the development of the Benkelman Unit.
Storage allocations for the reservoirs of the Upper Republican Divi-
slon are listed in table 22,

Table 28 is a summary of the annual depletions for the develop-
ment of the Upper Republican Division, This table shows the average
annual depletion for the 19-year period of operation was 35,700
acre-feet. The operation study of this unit shows there is an
adequate water supply for the planned development in this division.
The only shortage in the division for the entire period of study was
a shortage for lands served by Rock Creek Reservoir of 1,800 acre-
feet in 1940. This was equal to 6.6 percent of the consumptive use
requirement,

! Kansaka Division -- The Kanaska Division includes the drain-

age areas of Sappa, deaver and Prairie Dog Creeks in Kansas, Nebraska
and Colorado. The plan of development for the division calls for
construction of three reservoirs which would store water for irriga-
tion of 7,700 acres. It is expected that ultimate development of
private irrigation in the division by use of pumps or stream diver—
sions may reach 7,400 acres and that development of farm ponds may
cause an additional depletion of 1,400 acre-feet per year,

The Nelson Buck Reservoir on Beaver Creek, near Cedar Bluffs,
Kansas, with an active irrigation storage capacity of 11,700 acre-
fest will store water for the irrigation of 1,200 acres in Nebraska.
Private irrigation development above the reservoir may reach a maxi-
mum of 3,450 acres, and below the project area 50 acres may be devele
oped by private irrigators. Future depletions to the flow of Beaver
Creek caused by development of farm ponds are expected to average
800 acre-feet per year,

Oberlin reservoir, on Sappa Creek near Oberlin, Kansas, will use
an active storage capacity of 14,800 acre-feet for irrigation of
1,500 acres in Kansas. Future private irrigation development on the
stream is .estimated at 750 acres above and 2,250 acres below the unit
area, Future depletions due to private pond development will average
400 acre-feet per year.
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b i . -The Norton Reservoir on Prairie Dog Creek is near Norton, Kan-

: Laaa. «It will have an irrigation storage capacity of 20,000 acre-
hﬂeat and will supply water for irrigation of 5,000 acres in the
Almena Unit in Kansas, Ultimate private irrigation development is
estimated at 500 acres above the reservoir and 400 acres below the
unit area., Future private pond development will use an average of

200 acre-feet per year.

Storage allocations for the three reservoirs in the division
are shown in table 29, and proposed project acreages appear in table 30,

Table 31 summarizes the depletions to the water supply resulting
from complete development of the Kanaska Division. The average annual
depletion would be 25,800 acre-feet per year.

Operation studies for the reservoirs in the division show
that the Nelson Buck unit would have had a full water supply for
-the entire 19-year period of study. The Oberlin unit would have
experienced shortages in six years of the period, the thres -
largest being 3,300 acrewfeet in 1934, 2,900 acre-feet in 1939 and
2,100 in 1950, These shortages represent consumptive use shortages
of 42.1, 38.8, and 28.4 percent respectively. The Almena Unit
would have been shorted in 5 years of the period, the greatest short-
age belng 10,200 acre-feet in 1934, or a consumptive use shortage of

s 36.4 percent,

Although the present operation studies for the Kanaska Divislon
would seem to indicate some of the projects to be infeasible, it is
realized that much of the criteria used may be revised in the light
of further studies and extended records. It is believed likely that
more complete geologic information might result in lower estimated
seepage rates for the dams, There is also a possibility that alter-
nate sites might be used. Since a definite plan report on the Kan-
aska Division is not yet scheduled, the present operation studies
are consldered adequate for determining the effects of development
upon the Bostwick water supply.

Table 32, which shows the shortages occurring in the reservoirs
in the Republican River drainage area when operated independently,
‘gives an indication of the shortages incurred in the Kanaska Division.,

The depleted inflow from the Kanaska Division into Harlan County
Reservoir, after upstream development, has been determined from the
operation studies of the reserveirs in the division. Table 33
lists the flow at the mouth of Prairie Dog Creek after development
of the Almena Unit., Table 34 lists the flow of Sappa Creek after
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. development of the Oberlin Unit nedr Stamford less Beaver Creek,

and table 35 lists the flow at the mouth of Beaver Creek near Stam~
ford after development of the Beaver City~Wnit. Table 36 is a

summary table showing the depleted inflow into Harlan County Reser-
voir after all upstream development. This is the sum of tables 25,

33,34, and 35,

Private development —- The use of water in Kansas River Basin
due to future private development of irrigation is an important
part of the future depletions in the basin. Depletions for future
private development above Harlan County Reservoir have been made
in the water supply studies for the Frenchman-Cambridge, Upper
Republican and Kanaska Divisions, It is considered that there
will be 2,600 acres of future private development in the Bostwick
Division between Harlan County Dam and Superior Courtland Diversion.
Depletions for this development are listed in table 37, It was con~
sidered that there would be no important depletions due to develop=
ment of farm ponds in these river sections, therefore, the above
tables do not include any depletions for pond development.

Not all of the historical accretions between Harlan County
Dam and the Superior-Courtland Diversion Dam will be available for
diversion, due to depletions for private development above this area.
The depleted inflow for this reach of the river has been computed
in table 38,

uality of surface water — The quality of the water in the
Republican River, originating above the mouth of Sappa Creek, has
been discussed in detail in the Definite Plan Repert for the French-

' man-Cambridge Division, Detailed analyses were made by the U. 8,

Geological Survey of samples taken from Frenchman Creek at Enders
and at Culbertson; from the Republican River at Max, Trenton, and
Cambridge and from Medicine Creek at Cambridge. Analyses also were
made of samples from wells in the project areas. All samples of
surface and ground water indicated excellent to good quality for
irrigation purposes with respect to total dissolved salts and percent
sodium, Boron concentration was shown to be low enough for the
water to be classified as excellent to good for crops sensitive to
boron,

Detailed chemical analyses have been made in the Bostwick
Division, by the Geological Survey, of water taken from the Republi-
can River at Orleans, at Bloomington, and near Hardy; and from Sappa
Creek near Stamford, and Prairie Dog Creek at Norton., These analyses
have been used in studying the quality of water in the Bostwick
Division, These analyses are listed in tables 39 through 43.
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.. Consideration was made of the following factors in determining

ithq suitabllity of water for irrigation,
. 1. T&tal salt concentration
2. Percent sodium
3. Boron concentration
4, Sodium carbonate or bicarbonate concentration

Permissible limits of total salt concentration, percentage of sodium
and boron concentration.are described by L. V, Wilcox, agronomist,
Bureau of Plant Industry. 1/ Total salt concentration and percent-
age of sodium of the samples were plotted on charts, exhibits 10
through 14, These exhibits show that all samples analyzed fall in
the classification of excellent to good for irrigation purposes

with respect to total dissolved salts and sodium percentage, The
chemical analyses show the boron concentration is very low and the
water is of excellent to good quality for use by plants sensitive

to boron.

A graph was drawn for each water sample analyzed showing the
relationship of the carbonates and bicarbonates to the calcium,
magnesium, sodium and potassium, expressed in equivalent parts per
million. These graphs indicate possibility in some cases, of a con-
centration of sodium carbonate. Since the total of dissolved salts
in all cases is very small, the water is considered to be satisfactory
for irrigation.

Ground water

There are two areas with aquifers suitable for irrigation well
development of upstream units, Any development by pumping from ground
water in'the river alluvium of the Bostwick Division or in the Platte-
Republican divide area would affect the water supply of the Bostwick
Division, Other areas surrounding the Bostwick Division are under-
lain with formations that will yield only small quantities of water.
The potential depletion to the Bostwick water supply from ground-
water development is discussed in the following paragraphs.

1/ "Quality of Water for Irrigation Use" U, S. Department .of
Agriculture, Technical Bulletin 962,

2
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b 4
Ground ‘water in the river alluvium — Prior to the recent oy

i irrigation development that has been made under the Superior

Canal and Superior-Courtland Canal, only 3,361 acres were reported
to be irrigated in the Bostwick Division. This irrigation was all
in Nebraska, The water was obtained by pumping from wells.

The most important use of ground water from the river alluvium
1s for supplying the municipal and domestic needs which are met
entlrely from ground water. No special determination of these uses
has been made. Past uses are considered to be reflected in historic
records and no significant changes are anticipated in future uses.

Future irrigation development by pumping from the aquifer of
the river alluvium is not anti¢:pated because the irrigable land
along the river will be served by canals from Harlan County Dam,
Several factors have contributed to the fact that little irrigation
development has been made along the river by use of ground water,
The alluvium has a great deal of very fine sand in it and wells
must be drilled in an area where there is considerable saturated
thickness (estimated minimum - 4O feet) in order to yield sufficient
water for irrigation. The alluvium with sufficient saturated
thickness is usually found only in the area close to the stream and
this area is often subject to flooding. The alluvium in Kansas
has sufficient saturated thickness for irrigation wells, however,
many of the soils in this area are too heavy for successful irriga-
tion, The University of Kansas publication Bulletin 73 2/ indicates
the yield of wells in the arsa between the Nebraska-Kansas state
line and Scandia, Kansas would be too small for extensive irrigation
development. In the area below Scandia, wells yielding 1,000
gallons per minute could be developed, however, the quality of the
water from wells south of the Republic-Cloud County line is question-
able,

Two bulletins have been published which give data on ground
water in the Bostwick Division, The Nebraska Bostwick data is pub-
lished in a Water Supply Paper published by the University of Nebraska,
Conservation and Survey Division. 1/ And the Kansas Bostwick ground-
water data is published in Bulletin 73, University of Kansas Publi-
cations, 2/

%/ Nebraska Water Resources Survey Water Supply Paper 1, "Ground
ater in the Republican River Basin in Nebraska" by H. A. Waite, E.
C. Reid and-D. 5. Jones, Jr,

2/ Ground Water Resources of Republic County and Northern Cloud
County, Kansas, by V. C. Fishel,

i
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B Exhibits 15, 16 and 17 are profiles of the Republican River
Valley near Franklin, Red Cloud and Bostwick, Nebraska. They are

i of interest because they show the general geologic formation ln
this sectlon of the Division.

Exhibits 18 and 19 show the location of observation wells and
contours of the Bostwick Division, These are the maps taken from
the state publications referred to previously, The maps give the
general picture of the water table. It has been anticipated that
drainage problems would occur in places due to the planned irriga-
tion development and the existing wells would not give the required
control on changes in the water levels. The Geological Survey drilled
somé additional wells in 1950 and prepared a depth to water and a
water level contour map based on the data available at that time.
These maps are available at the Bureau of Reclamation Kansas River
District Headquarters, The Drainage section of the Bureau of
Reclamation took over the entire observation well program in the
Bostwick Division during 1950 and installed 52 wells in Nebraska,
In 1951, 53 additional wells were added in Nebraska and 51 wells
were added in Kansas. One Hundred sixty-one wells in Nebraksa and
97 wells in Kansas were being observed in 1952. These wells were
being observed monthly except for December and February when they
were not read, Certain wells along the canals were read bi-monthly
during the irrigation season,

Ground water, Platte-Republican Divide area —- The following
computations have been made for the purpose of showing the effect
of potential ground-water irrigation development in the Flatte-
Republican Divide area upon the Bostwick Divislon water supply.
The computations are based upon data given on maps obtained from
the University of Nebraska Conservation and Survey Division. The
maps are not included as part of this report because they are as
yet unpublished and are subject to minor revision. They do repre-
sent the latest and mest complete data available, however, and are
suitable for this analysis. The maps obtained from the University
of Nebraska Conservaltion and Survey Division include:

1. A water table contour map of South Central Nebraska,
2., A map showing saturated thickness of Pleistocene material,
3. A Pre-Cenozole Topographic and Geologic Bedrock Map.

4. A map indicating the depth of the water table below the
surface,
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The saturated thickness map indicates the water table is

:within 200 feet of the surface in all but a few small areas of the

Platte-Republican Divide. Any area with sufficient saturated mater-
ial to supply an irrigation well was considered a potential area

for well ‘development. The area where potential development will
affect the Republican River flow narrowed down to the area of
Pleistocene material shown on exhibit 20. Some future development
may result from pumping from the Ogallala formation in Phelps, Gos-
per and Frontier Counties, however, available data indicates that
only the northern portion of the counties have sufficient saturated
thickness for irrigation well development in the Ogallala material,
Exhibit 2 shows the location of the counties in this discussion.
Computations presented in a Definite Plan Report for the Kirwin Unit
in Kansas indicate that pumping from wells 15 miles or more from

a stream will not cause material stream depletions during the first
50 years of pumping. The Ogallala area of potential development

is over 15 miles removed from the stream and is therefore not con—
sidered to affect the Bostwick water supply. It is also likely that
any depletion due to pumping in this area will be at least partially
offset by return flows from irrigation under Tri-County canals.

The area that could be irrigated by pump development has been
estimated by use of Nebraska County Soil Survey maps, The estimated
potential area for each township is noted on exhibit 20. 4 total-
area of 54,000 acres is indicated,

The depletion to the Republican River has been computed by
drawing a line (see the dotted line parallel to the River, exhibit
20) through the points where stream flow begins in the streams north
of the river and computing the depletion in ground-water flow across
this line due to the potential development. The location of the
points where flow begins is taken from Water Supply Paper 779 pub-
lished by the U, S, Geological Survey. The points where flow begins ;
on Thompson and Turkey Creeks were checked in the field on October 28,
1952,

The impermeabls Niobrara formation forces the water to the sur-
face along this line, therefore, it is a natural line for springs
to appear and start the streams flowing, Levels of ground water
will be maintained at or near the present elevation, due to the
geologic characteristics. For this reason the water table along
this line can be treated the same as a stream that will maintain a
constant water level.

The depletion to ground-water flow across this line is considered
to be equal to the depletion to the river because most of the streams
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iﬁégin.their flow at or near this line. By making this assumption,
tit"is not necessary to break down the computations and determine

- ‘lthe depletion to each stream separately,

The method outlined by Mr. R, E. Glover in his memorandum to
the Hydrology Division, Branch of Project Planning, dated July 11
1951, 1s used in the following computations to determine the poten-
<tial depletion to the Bostwick water supply. The method is based
on the following formula developed for computing the river depletion

as a function of time, caused by pumping from a well near a river:

2 F ' -V
q = [ e dv
YOur X
' Y4 =g

where F = flow from the well

V = ratio of volume of water drained
from a sand to total volume
of the sand

t = time since pumping began

h?": .
e - |
K = permeability of the aquifer

D = saturated thickness of aquifer

q = flow from stream to well, or
in this case, depletion to
agquifer outflow by the well,
at time t

L Table 44 has been compiled to‘show the computation of the
potential depletion that would result from the possible development
after 50 years. The average values for Pleistocene material have

been used for the permeability and yield of the aquifer, A value

of 0.00155 feet per second is used for K, the permeability, V, the
ratio of voids to the total volume is estimated to be ,20. A colum
by column explanation of the table follows, Column one identifies
each township of potential depletion in the depletion study and column
two lists the acreage of potential development in each township.
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=;&HD;{§EP_qyprgga depth of the aquifer, is listed in colum 3. Column 4 ||
1548 !he whichiis equal to KD/V. Column 5 lists the value of Xy,.i g o
!?iﬁbﬁgﬂigiﬁﬂﬁgufrﬂm the center of the township or pumping area to the ‘-
i “rdotted ilinefon exhibit 20, Columns 6 through 10 list the value of

- the quantity xlt' for 10, 20, 30, 40 and 50-year periods, The t

in this quantity is the pumping time in seconds. The values in these
columns are used with probability integral tables to determine the
values listed in columns 11 through 15, The values in columns 11 - 15
are deducted from 1 to obtain E}as posted in columns 16 - 20, Values
of g for a well operated for any part of the fifty years (say 40 years,
Col. 19) are multipled by acre-feet per annum depletion on the -acreage
which came into irrigation during the initial years for that land (in
this case the 10th year to the 20th year, Col. 22), The product is
50th-year depletion in acre-feet by such land (Cel. 27), as effected at
the dotted line, ixh. 20,

It is expected that irrigation development in the area will neces-
sarlly occur over a considerable period of time. An estimate of this
development period has not been made, Therefore, the rate of development
curve, exhibit 21 determined for the Ladder Creek area in Kansas has been
used for this area. Since little development has been made to date in
this area, it is probable that the rate of development will be somewhat
slower than in the Ladder Creek area where considerable development already
exists, Axhibit 21 indicates that 7%, 13%, 12%, 10% and 3% of the total
potential area would be developed in the succeeding incremental 1O-year
period during the first 50 years of development, The acreage that would
be developed in each township according to this curve is listed in col-
umns 21 - 25,

The average consumptive use of irrigation water under the Frank-
1in Canal is 1,0 acre-foot per acre. One acre-foot per acre multiplied
by the area developed, Col. 21 - 25, gives the consumptive use from
water pumped, These columns, therefore, represent consumption from the
water pumped, The rate of deplation for 50 years is multiplied by
the acreage developed during the first 10 years and the depletion rate
for 40 years is multiplied by the acreage developed during the second
10-year period, ete, Column 31, is the sum of eolumns 26-30. The
total depletion for the 50th year is shown to be 6,560 acre-feet.

Depletions for private development in the Platte-Republican
Dlvide area are determined on table 37 and discussed in the fore-
going section, "Private Development." The discussion shows that
depletions were made for development of only 2,600 acres and they
would cause an average depletion of 2,600 acre-feet per acre per
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.aiyear instead of the 6,560 acre-feet per acre indicated by the.above.
¥ ‘“icomputation, The 2,600 acre-feet depletion is considered to be’
‘the probable .depletion for this area during the first 40 years,
‘which is the repayment period of the contract. The rate of develop=-
-ment curve used to obtain the 6,560 acre-feet depletion is based
on the Ladder Creek area in Kansas where considerable development
has been made. It is not believed that development will take place
a8 fast in this area as it will in the Ladder Creek area,

uality of ground water— The gquality of ground water in Nebraska
has been studied by Herbert A, Swenson and is reported in the United
States Department of Interior, Geological Survey Circular 19, 1/
Table 45 lists the mineral constituents of wells in the Bostwick
Division as published in the above report. The total salt and sodium
percentages Jisted in this table have been plotted on exhibit 22,
This exhibit indicates the ground water in the Nebraska portion of
the division is of excellent quality insofar as these two factors
are concerned, Analysis No, 3169, U, S. Geological Survey, Well
No. 1-5-31 CC, indicates the water from this well has a little
heavier salt concentration and a higher sodium percentage than any
of the other wells listed. The water from this well, howsver, is
quite satisfactory for irrigation purposes., 3ar graphs showing
the anions and cations in solution in equivalent parts per million
were drawn to study the possibility of formation of sodium earbonates
or bicerbonates. The above-mentioned analysis No. 3169, see table
L5, was the only w:ll that had water which indicated any possibility
of formation of sodium carbonates. This well is located near Hardy,
Nebraska,

The quality of ground water in the Kansas portion of the
Bostwick Division is discussed by V., C. Fishel in the above-mentioned
University of Kansas Publications Bulletin 73. The report indicates
the aquifer in the region between the Nebraska-Kansas state line
and Scandia is too thin for development of large quantities of water
and the quality of water in this region is not reported. The aquifer
in the region between Scandia and Concordia is adequate for develop-
ment of irrigation wells, The water from the wells in the area
between Scandia and the Republic County lin: is thought to be suit-
able for irrigation. The quality of the ground water in the area in
Cloud County is questionable,

1/ Progress Report on the Ground-Water Hydrology of the Republican
and Frenchman River Valleys by Herbert A. Viaite and others with a
section on the chemical quality of the ground water by Herbert A,
Swenson,
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‘j;‘f Estimation of Downstream Water Need

Past” Use

,ifWater.uaas downstream from the Bostwick Division are largely confined
to'municipal, ‘domestic and industrial uses. Municipal and domestic rights
are 'all supplied from wells, A certificate of appropriation has been issued
to the Sunflower Ordinance Works for the use of Kansas River water near
Lawrence, Kansas to the extent of 93 second-feet. Vested rights for the
use of natural flow are held by the Kansas Power and Light Company plant at
Tecumseh, Kansas and the Bowersock mill at Lawrence, Kansas, According to -
information obtained from the office of the Kansas Division of Water Resources,
the Kansas Power and Light Company right at Tecumseh is for use of 73.44
million gallons per day, This is approximately 114 cubic feet per second.

The amount of water that the Bowersock mill at Lawrence, Kansas is
entitled to use has not been determined by the Division of Water Resources,
The original grant was made by the City of Lawrence to Orlando Darling
on September 30, 1872. The power has been used for various purposes since
the right was first established. Power has been furnished to a paper
plant and an ice plant for about 20 years, Zxcess power is sold to the
Kansas Power and Light Company. The power plant consists of seven genera-
tors that will produce a total peak load of 2,000 killowatts, It 1s esti-
mated that 1850 cubic feet per second is required to produce the maximum
load. This estimate is based upon an overall efficiency of 75% and an
operating head of 17 feet, Historical periods of low flow have occurred
which prevent maximum power production. Periods of high flow also prevent
maximum power generation because high tail water causes loss of head.

The effect of development of the Bostwick Division upon the power
rights on the Kansas River has not been finally determined. Return flows
are expected to improve the flow and will be of benefit to the power
rights during low flow periods, The reservoirs will also be beneficial
to power rights because of the regulation that will be given to flood flows,
The water supply studies show that development in Colorado and Nebraska
will be within the terms of the Republican River Compact, therefore only
diversions or storage in Kansas are considered to cause possible depletions
which would affect the power rights on the Kansag River. If diversions
at Scandia and storage in Lovewell adversely affect the downstream power
development during initial phases of development, water can be released
from storage to correct the condition. Further study is planned for
determining the effect of all basin development upon the Kansas River
power rights. .It is anticipated that a system operation of all Federal
reservoirs in the Kansas River Basin will be coordinated to provide com-
pensating replacement flows from downstream reservoirs to allow for adverse
effects created by required operation of upstream raaarvoira.//*
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~ The Lower Republican Division below Concordia, Kansas, is outlined
‘as an area for future irrigation development in the Kansas River Basin.
There is very little interest in irrigation in this area at the present
time because the rainfall is sufficient for the type of agriculture now
practiced. Because of the lack of interest in irrigation in the area -
there is no immediate plan for development of the area. If at some
future date an interest in irrigation is developed the amount of
development will necessarily be limited to the available water supply

-at that time.

Water Requirements for the Bostwick Division

Water requirements that will create a demand on Harlan County and
Lovewell Reservoirs will include water required for irrigating lands
in the Bostwick Division, water lost by evaporation from the reservoirs,
and water lost due to seepage from the reservoirs, In addition, re-
leases must be made to meet minimum Public Health Service recommendations
and to counteract historical stream losses in order to maintain a live
Stream.

Water requirements for irrigation of crops are dependent upon the
consumptive use of water by the irrigated crops, the effective precipi-
tation in the area, and transportation and farm losses.

Irrigation‘water requirements

Weather Bureau stations from which data were used in computing
consumptive use and effective precipitatlon for the units in the
Bostwick Division were as follows:

Weather Bureau records used for Bostwick Division

Uni.t Temperature Records Frecipitation Records
Franklin-Red Cloud Red Cloud, Nebraska Red Cloud, Nebraska
Courtland Average of Red Cloud, Nebr. Superior, Nebraska

Republic, Kansas and

Concordia, Kansas
Superior-Courtland (Same as Courtland Unit) Superior, Nebraska
Scandia Concordia, Kansas Concordia, Kansas
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I Bt The -procedure followed in determining the irrigation and diversion

Water Supply:

‘requirements was as follows: the consumptive use and the effective .
‘Precipitation were determined for each unit; the consumptive use of
irrigation water was then determined by subtracting the effective
precipitation from the consumptive use requirement. Diversion require-
ments were then determined by multiplying the consumptive use require-
ments of irrigation water by factors which allowed for the distribution
and farm losses.

Consumptive use-=The Lowry-dJohnson method was used in determining
consumptive use requirements for the project areas.l/ This method
makes use of a relationship between effective heat units and annual
comsumptive use of water. The correlation was established by Lowry
and Johnson in a study of a considerable number of irrigated areas
receiving a full water supply, where the difference between total

inflows and outflows could be observed,

Temperature records used were those for the stations maintained
by the Weather Bureau nearest the respective project area, or in some
cases, the average of appropriate stations.

By accumulating the daily maximum degrees in excess of 32 degrees
Fahrenheit during the effective growing season, a value representing
the total day degrees of effective heat for each year was obtained,
which, by use of the Lowry-Johnson curve, could be translated to annual
consumptive use of water in feet depth. :

The effective heat in day degrees and total consumptive use for
the Franklin-Red Cloud Unit, for Republic, Kansas and for the Scandia
Unit are shown in tables L6, 47, and Li8. An average of the consumptive
use determined in the above tables was used for the Superior and
Superlor-Courtland Unit. The consumptive use thus determined is listed
in the distribution of consumptive use, table 50.

The effective growing season for each wnit was defined by a
plotted line showing the date on which the mean \minimum temperature
rose above 32 degrees in the spring and the datd on which it dropped
below 32 degrees in the fall. P

&/ "Consumptive Use of Vater for Agriculture," by Lowry and Johnson.
Trans. A.5.C.L. P. 1243, Vol. 107, 19L2.
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The annual consumptive use was distributed throughout the year by
use of ‘hha following percentages: :

Monthly distributicn of annual consumptive use
Month Percent MNonth Percent Month Percent

Jan. 1 liay 10 Sept. 12
Feb, 2 June N Oct, 6
Mar. 5 July 19 Nov . =
Apr, i Aug. 18 Dec. 2

This distribution is based upen published data obtained curing
consumptive use-studies for the Mason Creek area of the Boise Project,
Idaho and for the Mesilla Valley, Rio Grande Project, New Mexico. The
percentages used in this study for the months of July and August are
s1lightly higher than the Boise and Rio Crande figures because of a
di{ference in the anticipated crop pattern. Tables [}9 through 51
show the anmual consumptive use ¢istributec on a monthly basis for
the units in the Bostwick Division.

Effective precipitation--Since not all precipitation falling on
a project area is effective in meeting consumptive use requirements,
recorded precipitation must be adjusted to compensate for runoff.
Effective precipitation is the rainfall that percolates :Lnto the soil
and i3 held in the crop root zone for futurs use.

The effective precipitation for the Bostwick Division was
determined by anplying percentages of effectiveness to increments
of monthly precipitation te determine the effective precipitation
for each wnit in the division. An average of the incremental
percentages sugcested in the Water Reguirement section of the
Burean Mamual were used. These average values are as follows:

Precipitation Increment Effective Precipitation
Tnches per month Percent Inches accumulated
1 95 0.95
2 90 1.85
3 82 2,67
b 66 3.33
5 L7 3.82
6 20 L.02
7 and over 8 L.10
3h
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‘and at Republic and Concordia, Kansas, are listed in tables

: Nebraska,

152,53, 5, and 55, respectively. The effective precipitation for’all

units in the division is listed in tables 56 through 58.

Consumptive use requirements of irrigation water-~The consumptive
use rEﬁﬁIFEEEEﬂT1ﬂTTFFI%EEI6H“ﬁﬁ%ﬁ?‘ﬁﬁﬁ“&gfﬁFﬁiﬁEa'E? subtracting the
monthly effective precipitation for each unit from the monthly con-
sumptive use requirement for that unit. Since the soil acts as a

reservoir, effective precipitation unused during any month was considered

available for use the following month, providing the maximum holding
capacity of the soil was not exceeded. This holding capacity was
considered to be 0.5 foot.

Any consumptive use requirements for the November through March
period not satisfied by effective precipitation were treated as -
‘requirements for irrigation during the following April and May, one-
half the deficiency being applied to each month. Tables 59 through
6l list the consumptive use requirements of irripation water in
acre-feet per acre for the Bostwick Division Units.

Diversion requirements--In order to satisfy crop irrigation
requirements 1t is necessary to divert water sufficient to meet farm
distribution losses and transportation losses and have enough water
left to satisfy the consumptive use of irrigation water requirements.
Estimates of these losses were made by operations specialists of
Region 7, Bureau of Reclamation.

¥

The crop irrigation requirement multiplied by 100 divided by 100
minus the percent of farm loss gives the farm delivery requirement.
The diversion requirement in feet per acre is obtained by multiplying
the farm delivery requirement by 100 divided by 100 minus the percent
of transportation loss, :

Transportation losses and farm losses, used to determine the
diversion requirements are listed in the following table:

- Table 62. Transportation and farm losses for units in the Bostwick

Division
] Transportation  Farm 1oss
Unit and canal loss, percent percent
Fai ;_.Hn*f

Franklin Unit

Iranldlin, Naponee and Y

Franklin, Pump Canal a5 35 .

Red Cloud Pump 25 35 &
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Table 62, Transportation and farm losses for wnits in the Bostwick
! Division (Contd)

Transportation  Tarm loss

Unit and canal loss, percent percent
=
i
Superior-Courtland Unit d !
Superior Canal 35 31 &

Courtland Unit
Courtland Canal 33 23

Scandia Unit

Scandia Canal 30 30 fe

The diversion requirement in acre-feet ner acre for each canal
in the division has been determined and is showm in tables 63 through
67. The diversion requirement is showi to be considerably less in
the eastern end of the division than in the western end. The average
annual diversion requirement varies [rom 2.39 acre-fect per acre under
the Franklin Canal to 1.76 acre-feet ner acre in the Scandia Unit,
Amnual diversion requirements are showmn to bLe as great as .22 acre-feet
per acre, see 1934, Franklin Canal,’table 63, and as little as 0.2}
acre-feet per acre, seec 19Ll, Scandia Unit, table 67.

The diversion requirements for 18,250 acres in the Tranklin-Red
Cloud Unit are listed in table 72. This table is the sum of tables 68
through 71, the diversion requirement for 1l,410 acres under the
Franklin Canal, for 2,070 acres under the Franklin Pump Canal, for
1,490 acres under the Naponee Canal and 280 acres wnder the Red Cloud
Pump. Table 73 lists the diversion requirements for the 6,790 acres
under the Superior Canal. It was necessary to break the diversion
requirements for the Courtland Canal down into seocarate components
for the operation study. Accordingly, table 7h lists the diversion
requirements for the 2,960 acres under the Courtland Canal in Nebraska,
" ‘table 75 lists the requirements for the 12,500 acres under the Courtland
Canal in Kansas, and 76 1llsts the diversion requirement for the 36,500
acres below Lovewell. The diversion requirements for the 13,000 acres
in the Scandia Unit are listed in table 77.

Return {low--Retwrn flow results from that portion of the transpor-
tation and farm cistribution losses which return to the stream. Water
is lost in canal .and farm laterals due to evaporation, transpiration
by stream-bank vegetation, and percolation into the ground from the
banks of the canal. The water that percolates into the ground will
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eventually reach the ground water where it will generally caus

npply

6 the

ground water table to rise until the water can enter the streap. The

foregoing discussion of rround water shows the slope of the water table

is towvard the stream due Lo this gradient. The ground water will

eventually re-enter the strcam and become live flow or it will|be

used by vegevation. The raising of the ground water table duelto

irrigation will often cavse an increase in the consunptive use|of

native vegetallon in the area due to seepage areas being formed or due

to the gronnd water becoming more readily available Lo native Veretation.
Since most of the project area lies close to the river and because

the ground water table slopes toward the river, it is anticipated that

most of the retwrn flow will enter the river and become live i A
retation
Limated

possible increase in the consumptive use of water by native ve
is not expected to be preat. Tor these reasons it has been esf
that 75 percent of' the difference between annval diversions an

owv. Any

annual

consumptive use of irripgation vater by crops will eventvally rebum to

the stream.

Due to variations in geological formations and ground wat

movement the retwn flow pattern in any area can be expected to have

its own individual characteristics. It can be expected to ent
‘stream during every month of the year at varying rates.

distribution of retuwrn flow is

‘the

The monthly
exnecved teo be similar to that for the

North Platte Project in Nebraska, with a sliphi variation duri - the

surmer months due to an expected peak demand in July and August

The percent of the total amual return £low for each montl
used in this study is shovm below:

Percent Percent Percent
Henth of total Month of total Month of total
Jan. T Hay 7 Sent. 12
Teb, 6 June 3 Oct. 11
iar, 6 July 9 Nov. 9
_Apr. 6 Aug. 11 Dec. 8

The return flow for each mmit in the division is shown in
76 throvgh 83. The return flow is based upon the diversion red
therefore, the retwrn flow after years of short water supply vwi
slightly less than determined. Return ilows were not corrected
periods of shortages. The return flow determined is considered
within the accuruacy of the study,
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:  The return flow from the Franklin-Red Cloud Unit, table 7§, was
considered available at the Superlor-Couwrtland Diversion in the operation
study. The return flows from the land under the Superior Canal, table 79;

the return flows_from the lond under the Courtland Canal in Ne
table 80; and the return flcws from an estimated 23,000 acres
Scandia are considered to be available at the Scandia Diversio
The remainder of the return flows from the land under the Cou
26,000 acres, and the return flows from the Scandia Unit, tabl
pass downstreum unused.

Municipal, domestic and industrial requirements--At the p
time practically all of the water used in the division for mun
domestlc and industrial puryoses is obtained from wells. Ther
no large cities in the division requiring large quantities of
Industries existing in the area do not materially affect the w
supply. TFubure growth of the citles in the area and the prowt
change of industry are not sxpected to affect the water supply

aska,
bove

Dame

land Canal,
83, will

esent
cipal,
are
ater.
ter
or
to

any great extent, therefore, no allowance has been made in this study

for the use of water for these purposes,

Investigations have been made regarding the possibility of supplying

water from Lovewell Reservoir to three towns in north central |
namely Mankato, Jewell and Formoso. The 1930, 1940 and 1950 p
of these tovms is listed in the following tabulation:

lCity TO50 1940 1930
Formoso 271 293 381
Jewell 593 669 707

Mankato 1,62 1,426  1,L04

Mankato, about eight miles south of the upper end of Love]
Reservoir, would obtain water from the reservoir by use of pum
a pipe line aboul eight miles long. Since the town is now ser
wells located in the vicinity of the upper portion of the rese]
it is likely that the ground water conditions in the area of t
will be improved enough to satisfy the municipal requirements
However, in the event that the ground water supply proves inad
it is possible that a water supply could be obtained from the
Assuming a use of 120 gallons per day per capita this would am
about 180,000 gallons per day or about 202 acre-feet per year.

Jewell, which is about nine miles south of Mankato, could
water through the Mankato system by extending a pipe line nine

(ansas,
bpulation

wvall

ps and

ved by
Pvoir,

ne wells

bf Mankato.
quate
FeServoir.
punt to

obtain
miles

from the Mankato water tower to the existing Jewell water towcr, The
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"an_of water based upon the 1930 population would be about 8l,0

Water S

i
i

per.day or about 9l acre-feet per year. Since part of the proj

upply

i

DO gallons . .
ect area !

is in the vicinity of Jewell, it is expected that the water tablle will

rise as a result of irrigation on the project and will thus inc
the output of the municipal wells,

Formoso, about eight miles southeast of Lovewell Reservoir
obtain water from Lovewell Reservoir by use of a gravity pipe 1
nine miles long or by taking water out of the irripation canal,
pipe line from Mankato. The use of water based upon a populati
400 would amount to 48,000 pallons per day or S5l acre-feet per

In the event that the tlirec tovms do obtain water from Lov|
Reservoir the initial use of water as determined above would aml
about 350 acre-feet per yeur excluding transportation losses.
estimated that when transpcrialion losses and increases in popu
are considered the total future use will not exceed 1,000 acre-
per year. Use of this quariity of water would have little effe
the water supply studies presented in this report.

Past investipations concerning the water supply for tovms
Harlan County Dam also considered the possibility of supalying
mental municipal water supply from Harlan County Reservoir to S
Nebraska. This tovm with a 1950 population of 3,227 is on the
River near where the river first crosses the state line. Studi
anticipated flow of the Republican River at this point after pr
development have indicated that the base flow of the river will

rease

s could
ine about
or by a
bn of
year «

pwell
punt to
It is
lation
feet

ot upon

below
supple-
noerior,
Republican
es of
pject

be

improved. It is also expected that the increase in ground wate
because of irripation in the area, will increase the output of
now serving the town of Superior.

I supply,
ells

The quality of the municipal water supplies in the Bostwick Division
1s considered satisfactory in regard to all factors except hardhess.
Water from city wells in this area have a hardness ranging from/ 250

to as much as L00 parts per million. Water with less than 60 p
per million hardness is considered soft, 61 to 120 parts per mi
is usually rated as moderately hard, Vater with 120 to 180 par
million is classified as hard and above 180 parts per million a
hard, Considerable savings in soap consumption can be effected
softening the water when the hardness is above 120 parts per mi
So far as is known Superior, Nebraslka, is the only town in this

rts
L1lion
Ls per
5 very
by
-liﬁna
area

that softens its water. A study of the quality of water for mupicipal

use in the Republican Valley in fﬁbraska has been made by the G
Survey Circular 19, August 1948.=

1/ Progress Report on the ground water hydrology of the Reoubl
Frenchman River Valleys by Herbert A. Vaite and Others, wit
on the chemical quality of the ground water by Herbert A. S
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It has been pointed out that return flows from irrigation

=ﬁéxpected to impreove the ground water supply. It 1s not expect

retuwrn flow will materially affect the quality of the ground w

. Power--A right for the use of L0O second-feet of Republic
water near Superior, Nebraska, was held by the Consumers Publi
Distriet for the development of power. Full irrigation develo
as presented herein was dependent upon the subordination of th
to irrigation rights as provided for under Nebraska water laws

The Bureau of Reclamation purchased the Superior hydro an
title on November 13, 1951, 7he Bureau of Reclamation permitt
Consumers District to operute the hydro wnder a lease agréemen
supplemental power could be fwnished from the power lines of
Nebraska Public Power System. The lease agreement expired Feb;
1952, and the power plant ceased operation on this date. The
Bureau plan of development ‘or the Bostwick Division does not
for the construction of any vower plants. All of the regulate
in both Harlan Ccunty and Lovewell Reservoirs is required for
irrigation of the land in the division, hence,no water is availl
for the generation of base load power. A considerable amount
electric energy coula be generated at Harlan County Reservoir
water released for irrigation purposes and with spills in high
years if the power could be absorbed in a scheme of system ope
with other power plants of the Missouri Basin development. A
penstock is being provided at the Harlan County Dam for the po
addition of a small power plant in the future but up to the pr
time the construction of a pover plant has not been considered
because of the high costs. No power installations are to be m
the Lovewell Reservoir.

Bupply
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Pollution abatement--The Public Health Service has made rpcome

mendations for specified minimum flows at certain points along
Republican River to maintain live flow and avoid harmful pollu
the stream. The two most important points are near Superior,

where a minimum summer flow of L0 second-feet is desirable and
Scandia, Kansas, where a minimum summer flow of 30 second-feet
recommended. These minimum flows were satisfied in the operat
by natural flow or by reservoir releases. It was assumed that
maintaining the recommended flow at Superior, Nebraska, and Sc
Kansas, that the recommended flow at other points would be sat

45
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| P The minimum flows recommended by the Public Health Service at
oritical points in the district and at Clay Center and Junction Gity,
_ Kansas, below the district are listed in the following table: 1/

Table BlL. Recommended minimum flows of the Republican River beloy
arlan County Reservoir

(Unit - second-feet)
Franklin Red Cloud Superior Scandia Concordia Clay Center Junction

Month Nebraska Nebraska MNebraska Kansas Kansas Kansas City, Kans.
Jan. 1.6 L 8 6 9. 6.6 8
Feb. 156 h 8 6 b J—l 6 06 8
Mar. 2 5 10 7.5 9.3 8.3 10
Apr. 3.2 8 16 12 18.8 13.2 16
May L.8 12 2l 18 28.2 19.8 2]
June 8 20 Lo 30 L7 33 Lo
July 8 20 Lo 30 L7 33 Lo
Aug. 8 20 Lo 30 L7 33 Lo
Sept. 8 20 Lo 30 L7 33 )
Oct. 3.6 9 18 13.5 21,2 1.8 18
Nov, 2l 6 12 9 1.1 9.9 12
Dec. 1.6 1 8 6 9.l 6.6 8

In the operation study the desired minimum flows ag rocommended
at Superior, Nebraska, and Scandia, Kansas, by Public Health Service
were talten into consideration and in all months these requirement
were satisfied. The desired minimum flows at Franklin and Red Cléud,
Nebraska, are small in comparison with the required minimum flows |at
Superior and Scandia, therefore no releases were needed for these|towns.
Below Scancia there is sufficient gain in the flow plus the retur
flows from Scandia Unit and Lower Courtland area to meet the required
minimum flows at Concordia, Clay Center, and Junction City, Kansas.,

Fish and wildlife--It is expected that the maintenance of a
live stream In the Renublican River below Harlan County Reservolr
as recommended by Public Health Service will also adequately provide
for fish and wildlife requirements, therefore no additional releases
are to be made for the purpose., Large benefits will accrue to fish
and wildlife due to the storage of water in Harlan County and Lovewell
Reservoirs. These reservoirs will have an initial surface area for
water fowl, with the irrigution storage pool filled, of 13,600 acres
and 2,975 acres, respectively. During the first ten years of operation

l/ Kansas River Basin Water Pollution Investigation - Federal Security
Agency, Public Health Service, June 1949.

51

KS001980



Water Supply

%the'surf&ce area in Harlan County Reservoir will not drop belgw 9,100
acres. The operation study for the conditions after 50 years |indicates
rthat the storage in Harlan County Reservoir may be reduced to fthe sill

of the irrigation outlet (elevation 1920.0) during extreme dry

The minimum surface area at this elevation would be 5,200 acres.

cycles.

Navigation--There are no navigation requirements on the Republican
‘River. Tﬁfs Irrigation development in the Republican River Balsin will

not adversely affect the navigability of the streams below the

mouth

of the Republican River. Flood flows will be largely eliminatied, which
will limit releases to channel capacities and the low flows willl be

improved by return flows from the irrigated areas.

Estimation of Reservoir Losses

Seepage
Geclogists of the Bureau of Reclamation estimate that the

seepage

from Harlan County and Lovewell Reservoirs will be very low. (The

foundation at both dams will be in clay or silt and shale, and

the cut-

off complete. At Harlan County Dam, the seepage as estimated Will range

from 1 to 24 second-feet and at Lovewell Dam seepage will be
2 second-feet. An average figure of 100 acre-fecot per month E

satisfy any of the irrigation demands, but was allowed to pass
streams

Surface Losses

to

or each
reservoir was used in this study. This seepage was not used to

down-

The gross reservoir evaporation rate at Harlan County Reservoir
was computed by use of evaporation records at Ha{?, Kansas, and data

published by the Minnesota Resources Commission.t/ The Hays,

nsas,

evaporation records were corrected to free surface evaporation, see
table 85. A Bureau of Plan Industry evaporation pan was used up to
June 1937 for measuring the evaporation. These records were corrected
by multiplying by a coefficient of 0.94. After June 1937 the evapo-
ration was measured from a U. S. Weather Bureau pan and these pecords

were corrected by using a coefficlent of 0.70.

E/ Minnesota Resources Commission Report June 1942, V"Evaporation From

Lakes and Reservoirs" study directed by Adolph F. Meyer.
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ﬁ .. The gross evaporation rate at Lovewell Reservoir was computed by

. using evaporation records at Lincoln Nebraska, and data published by

{the Minnesota Resources Commission.i? These records are from|the

- Us 8. Weather Bureau evaporation pan measurements and were coyrected

E:bfragssurface evaporation by use of a coefficient of 0.70,
le .

Since these evaporation stations are located some distande from
the reservoirs, a correction factor had to be applied to obtain the
gross evaporation rate at the reservoirs. These correction factors
were determined by using a series of charts published by the Minnesota
Resources Commission which shows the aI age monthly evaporation rates
for each section of the Unitad States._?r

By interpolation between the lines of equal evaporation, |a ratio
was obtained between average evaporation at the points where records
were kept and the average evaporation at the reservoir areas.| These
ratios were applied to the free water surface evaporation deteérmined
for each month and the gross evaporation rates at the reservoirs were
obtained. The ratios thus determined are as follows:

vMonth Harlan Co., Ras.:f Lovewell Hes.E?
April 0.91 1.12
May 0.95 1.08
June Ot9)-l 1109
July 0.94 1.08
August 0.92 1.06
September 0.92 1.16
October 0,92 1.09

a/ Factor applied to Hays evaporation rates.
/ Factor applied to Lincoln evaporation rates.

Records of evaporation were not collected at Lincoln or Hays during
the November through March period, therefore evaporation rated for these
months were taken direotly from published charts.l/ Prior to [1937,
no records were kept during October at Hays.

-

1/ Minnesota Resources Commission Report June 1942, "Evaporatiion From
Lakes and Reservoirs" study directed by Adolph F. Meyer.
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The - rates for the October through March period, taken from|the
Minnesota ources Commission charts are listed in the following
‘tabulation=.7

Month Evaporation in inches
Harlan Co. Res, Lovewell Res.
October L.70 L.65
December 1.20 1.15
January 1.00 0.95
February 1.20 1.15
March 2.20 2,10

Table 87 lists the gross evaporation rate determined for Harlan
County Reservoir and table 88 lists the gross evaporation rate determined
for Lovewell Reservoir.

Net reservoir evaporation rate--Net reservoir evaporation loss
was considered to be the difference between future and past consumptive
use from the reservoir area.

For this study the net evasoration rate was comuuted to bel|the
gross evaporation rate minus the precipitation over the reservolr area,
The precipitation at Orleans, Nebraska, table 89, was used for the
precipitation upon Harlan County Reservoir and the precipitation at
Burr Oak, Kansas, table 90, was used for the precipitation upon|Lovewell
Reservoir. The net evaporation rate in inches for Harlan County and
Lovewell Reservoirs is shown in tables 91 and 92.

To facilitate computations in menthly reservoir operations| a series
of curves, one for each inch of net evaporation, were drawn by plotting
reservoir content in 1,000 acre-feet as ordinates and evaporation loss
in 1,000 acre-feet as abscissas. The evaporation loss for any month
was obtained by entering this curve with the monthly evaporation rate
in inches and the average reservoir content for the month. The |reservoir
evaporation curves are shown in exhibits 23 and 2l;.

Operation Studies

General Gperation plan

. The irrigable lands of the five units that comprise the Bogtwick
Division were served by the operation of Harlan County Reservoir and

1/ Minnesota Resources Commission Report June 1942, "Evaporatidn From
Lakes and Reservoirs' study directed by Adolph F. Meyer
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‘conditions existing during the period of Januvary 1929 through

Water Supply

in part by Lovewell Reservoir. A reservoir operation study shawing
the water delivery on a monthly basis has been made to determire the

adequacy of the water supply available to the Bostwick Divisio
development. The study was based upon the water supply and cl

September 1947, This period was selected for the study because

for
tic

it

includes the 1O=year period 1931 through 190 which is considered to
be the most critical period of water supply that has been experfienced
in this area. It is reasonably certain that if the water supply is
adequate to satisfy conditions existing during this period without
intolerable shortages, there will be an adequate water supply flor

all plammed development. Water supply and climatic conditions |over
the period of 1941 through 1947 represent conditions that are more

nearly normal,

The operation study included in this report is based upon freservoir

storage capacity expected to exist in Harlan County Reservoir

d

Lovewell Reservoir after 50 years of operation. It is estimated at

the end of 50 years that the active irrigation storage capaci
Harlan County Reservoir will be 175,000 acre~feet and in Lovewe
Reservoir the active irrigation storage capacity will be 35,00
feet. However, in Lovewell Reservoir only 21,000 acre-feet of
irrigation capacity were considered active in the operation st
reasofis explained in the parapraph on operation criteria. The

in

acre-
he

in storage capacity from initial conditions is the result of the ac-
cumulation of sediment in the reservoir. Water available for development
of all units in the Bostwick Division was computed to be the water
remaining after allowances for future development that will oeclur above
the division in the Republican Basin due to Bureau planned development
and for anticipated future private development of irrigation and ponds.

|
Operation eriteria

The following operation criteria were used in making the dperation

study:

A. Method of meeting irrigation demands.

1. Sectional gains made up of natural gain, return flow

and wastes from upstream units were first diverted
meet irrigation demands.

2. TIrrigation demands not met by the sectional gains

to

were met by releases from Harlan County and Lovewell

Reservoirs., Spills cccurred only after irrigation
demands were met.
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Requirements for other than irrigation demands.

1. Negative sectional gains that occurred historically
on the Republican River between Harlan County
Reservoir and Scandia Diversion Dam were met by
reservoir releases before irrigation or Publiec
Health Service demands on the reservolr could be
supplied.

2. Releases were made from Harlan County Reservoir to
supply a flow at Superior, Nebraska and Scandia,
Kansas equal to or greater than the required minimun
flow as determined by the Public Health Service
at these two locations.

3. FEvaporation losses from Harlan County and Lovewell
Reservoirs were determined in accordance with the
averapge monthly reservoir content and monthly
evaporation rate.

lis Seepape was estimated to be 100 acre-feet per month
from each reservoir,

Reservoir contents.

1. The reservoir irrigation storage capacity is full
when Harlan County Reservoir reaches a content of
250,000 acre-feet; and when Lovewell Reservoir
reaches a content of 36,000 acre-feet.

2, No releases could be made from the reservoirs when
storage was drawn down to a content of 75,000
acre-feet for Harlan County Reservoir and 12,000
acre-feet for Loverell Reservoir. The storage
in Lovewell Reservoir was held to a minimum of
12,000 acre-feet to provide sufficient head in
the reservoir to assure the delivery of the
maximun diversion requirement of 63l) second-feet
to the Courtland Canal from Lovewell Reservoir.

Integration of operation with other units.

l. No releases from upstream reservoirs were made
to help satisfy demands in the Bostwick Division,

L6
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i. .2, No releases were made from Bostwick Division
: " . reservoirs to help satisfy demands outside the
Divisien.

The operation study for the Bostwick Division consists ofl two
-tables. Table 93 presents the computations made to determine [the
‘total demand on Harlan County Reservoir by the lands above Lovewell
Reservoir and below Scandia Diversion Dam. Table 9), presents bhe
operation of Harlan County and Lovewell Reservoirs together in
meeting the demands as computed in the previous table,

Determination of demand on reservoirs

Computations to determine the total demand to be met by the
reservolrs in the Bostwick Division are shown in table 93. An
explanation of columns that make up this table is as follows:

Col. 1 lists the years and months of the period of study.

Col. 2 is the Diversion requirement for the Franklin-Red [(floud
Unit, a total of 18,250 acres. The demand by units
is shown in table 72. This demand is met by direct
releases from Harlan County Reservoir.

Col. 3 is the depleted sectional gain, table 38, between
Harlan County Reservoir and Superior-Courtland
Diversion Dam. The historical pickup was depleted
for anticipated future private irrigation and pond
development in the reach.

Col. L is the return flow occurring from the 18,250 acres
in the Franklin-Red Cloud Unit which will be
avallable at the Superior=-Gourtland Diversion Dam.
See table 78,

Col. 5 is the sum of Col. 3 and Col. 4 and is the total
natural flow available for use at the Superior-
Courtland Diversion Dam,

Col. 6, Col. 7 and Col. 8 are the diversion requirements for
the Superior Canal, 6,790 acres; Courtland Canal ih
Nebraska, 2,960 acres, and the Courtland Canal in
Kansas above Lovewell, 12,500 acres. These are shpwn
in tables 73, Tl and 75.

L7
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Col., 9 is the sum of Col. 6, Col. 7 and Col. 8 and is the
total demand for Superior Canal and the Courtland
lands above Lovewell Reservoir.

Col. 10 lists reservoir releases from Harlan County Dam
which must be made to meet the demand shown in
Col. 9, after the natural flow in the section,
Col. 5} has been used,

Col. 1l Reservoir releases from Harlan County Dam which
mast ?e made to meel negative flows as shown in
Cols °

Col. 12 is the natural flow diverted to Lovewell Reservoir
through Courtland Canal. During all months except
January and February, any of the natural flow not
used for the demands shown in Col. 9, is diverted
through the Courtland Canal to Lovewell Reservoir.
No attempt was made to determine if the water thus
diverted would be stored or spilled. The quantities
for dJune 1935 and 1941 are in excess of Ll,600
acre-feet, the amount which can be passed through
the canal in one month. The Lovewell operation
study shows this water is spilled from the reservoir
unuged. The indicated diversion would not be made
in actual practice,

Col. 13 is the natwral flow passing Superior-Courtland
Diversion, during January and February,

Col, 1l is the natural gain between Superior-Courtland
and the Nebraska-Kansas state line. See table 20.

Col. 15 and 16 are the return flow from the lands under
the Superior Canal and the Nebraska portion of
the Courtland Canal, see tables 79 and 80.

Col, 17 is the sum of Cols, 13, 1L, 15 and 16 and is
the total natural flow at the state line that
has not been used above this point or diverted
to Lovewell Reservoir. Negative values indicate
a loss in flow for the reach.

L8
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18 lists the minimum flows recommended at Superior,
Nebraska, by the Publiec Health Service, These
minimum flows vary according to the season of the
year, _See Table &/.

19 releases made to meet negative values eccurring
in Cel, 17..

20 lists releases made to bring low flows up to the
minimum recommended by Public Health Service,

21 is the total flow passing Superior except spills,
This column is for the purpose of comparing actual
flows with recommended minimum flows, the flow at
the state line being considered same as the flow at

Superior. It is the sum of Cols. 17, 19, 20, 26, 27,

28 plus the seepage from Harlan County Reservoir of

acre-feet per month. The seepage from Harlan County

Reservoir is not shown in previous columns.

22 is the natural gain between the state line and
Scandia, Table 21,

23 1s the return flow entering the river between the
state line and Scandia Diversion dam, This will be
from 23,000 acres under the Courtland Canal in the

plan which includes Lovewell Reservoir, see Table 81,

24 is the total natural flow available at Scandia Diver

sion and is the sum of Cols. 17, 19, 20, 22, and 23.

25 is the irrigation demand for 13,000 acres in the
Scandia Unit, Table 77, :

26 is the portion of Col. 25 not met by Col, 24, and
therefore is a demand on Harlan County Reservoir.

27 lists releases to be made for meeting negative flows

occurring in Col. 24,

28 lists releases required for meeting minimum Public
Health requirements shown in Col, 30.

29 1s a check column for comparing flows passing Scandil

with the recommended minimum flows, Col. 30, It
includes Col. 24 minus Col, 25 plus Col. 26 plus

Col. 27 plus Col. 28 plus seepage from the two reser-

voirs.

49
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30 is the minimum monthly flows recommended by Publig
Health Service. See Table &4,

31 is the total demand on Harlan County Reservoir for
irrigation after using all available river accretign
~ and return flow, .It is the total of Cols. 2, 10, and
26’

32 is the total reservoir requirement for meeting river
losses, the sum of Cols. 11, 19 and 27.

33 is the total reservoir release for meeting public
health requirements. It is the sum of Cols. 20 and

-

34 is the sum of Cols. 31, 32 and 33 and is the demarld
on Harlan County Reservoir by all lands in the Bost]-
wick Division except those under the Courtland Candl
below Lovewell Reserveir. It also includes all relleases
necessary for meeting river losses and minimum public
health requirements,

An explanation of each column presented in the operation of
Harlan County and Lovewell Reservoirs together, table 94, is ag

follows:

Col.

Col,

Col.

Col,

3 evaporation rate in inches (table 91) equals gross

1 shows the years and months the operation study was made,
2 is the depleted inflow computed as explained under

the topic "Project Water Supply,"” and is the same fllow
presented in table 36.

evaporation less precipitation.

4 reservoir evaporation loss computed by using the aver-

age content for that month and the previous month
(see Col, 9) and entering the "Reservoir fvaporatio
Chart," exhibit 23, with the known evaporation rate
Col. 3 and determining the loss therefrom,

Col. 5 seepage from Harlan County Dam was estimated as 100|acre-

feet a month and was used to help meet the minimum flow
required by Public Health Service at Superior, Nebraska,
and Scandia, Kansas,
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Col. 6 shows the demand on Harlan County Reservoir in meeting
demands in the Bostwick Division above Lovewell and helow
Scandia Diversion Dam. These releases consist of
requirements for irrigation, stream losses, and Pub-
lic Health Service, They were determined in Col. 34,
table 93, .

Col. 7 shows releasea required from Harlan County Reservoir
for meeting the demands of the Courtland Unit below Love-
well that can not be supplied by Lovewell Reservoir.
It is the demand computed in Col. 23.

Col. 8 is the change in reservoir céntent computed as Col, 2
less the sum of Gols, 4, 5, 6, 7, 10; plus-1l.

Col., 9 is the reservoir content at the end of each month
computed by adding or subtracting figures in Col. 8
to the content of the previcus month,

Col, 10 lists the reservoir spills - Computations for Col. 9
in excess of 250,000 acre-feet, the limit of storage
in Harlan County Reservoir,

Col. 1l lists the irrigation shortage. It is that amount of]
Col., 6 and Col. 7 that cannot be met Ly reservoir infllow
or reservoir releases and maintain a minimum storage
content of 75,000 acre-feet,

Col, 12 is the inflow to Lovewell Reservoir made up of the
flow of White Rock Creek, table 13.

Col. 13 is the inflow to Lovewell of the Republican River
computed in Col. 12 of table 93.

Col. 14 lists the portion of the spills from Harlan County
Reservoir, Col, 10, which could be stored in Lovewell
Reservoir in the amount not to exceed the storage
capacity of 36,000 acre=feet in Lovewell Reservoir.

Col. 15 lists the inflow in Lovewell Reservoir. It is the
sum of Col. 12, 13 and 14,

Col. 16 lists the reservoir evaporation rate for Lovewell

Reservoir, table 92, computed as the gross evapora-
tion less precipitation,

51

KS001990



Water Supply

Col. 17 lists the reservoir evaporation loss computed by |
entering the "Reservoir Bvaporation Chart," exhibit

24, with the known evaporatien rate, Col. 16, and |the

average reservoir content of that month and the
previous month.

Col. 18 is the seepage from Lovewell estimated as 100 acpe-feet
a month and utilized in helping to maintain the minimum

flow requirements at Scandia, Kansas, as required |by
Public Health Service at that point,

Col, 19 lists the irrigation demand for 36,500 acres in the
Courtland Unit below Lovewell, See table 76,

Col. 20 is the change in reservoir content computed as Cgl, 15

less the sum of Columns 17, 18, 19. Any change that

would result in drawing the reservoir below a confent
of 12,000 acre-feet bz2coumes a demand on:Harlan County,
Col., 23. Any change resulting in a content of more than

36,000 acre-feet becomes a spill and the excess iﬁ
listed in Col. 22.

Col, 21 is the reservoir content at the end of each montg com-

puted b, adding or subtracting figures in Col. 20|to
the content indicated in the previous month.

Col, 22 is the reservoir spills., It is the water listed|in

Column 15 that cannot be stored in Lovewell Reseryolir
due to the limited irrigation storage capacity of|36,000

acre=feet,

Col. 23 is the amount of Col. 19 not supplied by Lovewell

Reservoir thus making a demand on Harlan County Reser-

voir,

The operations of Harlan County Reservoir and Lovewell Reser-
voir are presented graphically in exhibits 25 and 26 respectiyely.

Operation hydrographs of reservoirs

Ixhibit 25 shows the various hydrographs for Harlan County

Reservoir, The top hydrograph represents the available inflow at
Harlan County Reservoir depleted for all Bureau and Future Private
development, The portion of the inflow not storable is indicated

to spill, The middle hydregraph shows the total demands and how
each was supplied. The demands not supplied (shortages) are
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1indicatad‘by'a solid black mark, The bottom hydrograph represénts
ﬁhhe changes in the reservoir content.

Exhibit 26 shows the various hydrographs for Lovewell Restr-.
voir, The top hydrograph made up of different parts representing
the total inflow to Lovewell Reservoir, namely White Rock Creel
flow, storable accretian from Republican River and spills from
Harlan County Reservoir, BEach part is as explained under the legend
shown on the exhibit.

L}

The middle hydrograph shows how the total demand for that|area
below Lovewell Reservoir was served. Shortages occurred in 1984
and 1940,

The lower hydrograph shows the changes in the reservoir content
during the period of study and the spills ocecurring during the
operation study,

Effect of Courtland Canal capacity upon operation eriteria

The Courtland Canal is designed with a headgate capacity pf
751 cubic-feet per second., This capacity is not large enough for
serving all the lands under the Courtland Canal from Harlan County
Dam. Demands were not placed upon Harlan County Reservoir in the
water supply study presented in this report until all usable whter
in Lovewell Reservoir was releasod, Under actual operating coh-
ditions this criteria would have to be changed and enough watep will
have to be held in Lovewell Reservoir at the first of July in prder
to assure that maximum demands for July and August can be met.

There are 51,960 acres served by the Courtland Capnal, A
capacity of 912 cubic-feel per second would be required to delfiver
the maximum monthly requirement of 0,97 acre-feet per acre plug 10
percent for peaking requirements from Harlan County Dam. The panal
was designed with a headgate capacity of 751 cubic feet per sepond
to serve approximately 43,000 acres. The canal, therefore, larks
161 cubic feet per second of being able to serve all the lands| under
it from Harlan County Dam. This capacity would deliver 8,800 acre-
feet in one month. If 8,800 acre-feet is held in storage in Love-
well the first of August and 17,600 acre-feet the first of July
it will be possible to operate and serve maximum demands to the 51,960
acres under the Courtland Canal. In some years this would meap that
water would have to be released from Harlan County and stored fin
Lovewell during the last part of June,
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B \f the Teservoirs at the end of August would be the same as
" in the operation study in this report when the above critéri

Water Supply
TA check of the operation studies indicates that the con

used, It is concluded, therefore, that this criteria can be

Operation summary

Table 95 summarizes the operation of Harlan County Rese
and Lovewell Reservoir by years. It is interesting to note t
spills occur 16 years out of 19 years for Harlan County Rese
and spills occur 15 years out of 19 years for Lovewell Reserv
The average annual spill for 18 complete years was 213,900 ac
feet for Harlan County Reservoir and 39,300 acre-feet for Lo
Heservoir. There would have been four years in which all the
irrigation dsmand was not met, resulting in irrigation short
for thoas years. The total diversion shortages for the years
1934, 1935, 1937, end 1940 are 75,200 acre- -feet, 1,300 acre-f
8,300 acre-feet and 74,400 acre-feet respectively. In terms pf
psrcant of consunpkise use shortage, the shortage in 193/ woulld be
14,7 percent, the snortage in 1935 is very small and is consiflered
negligible, the shortage in 1937 would be 1.8 percent and the
shortage in 1940 would be 15.6 percent. The computations of these
shortages for 90,000 acres are as follows:

K 1935 1937 1940
Total Diversion shortage (1000 A.F.) L 75.2 1,3 8.3 Tholy
Diversion shortage Ac-ft per Ac, irrigated 0.8, 0.01 0.0? 0.83
Shortage to crop Ac-ft per Ac, 0.41 = 0.04 0.40
Consumptive Use requirement Ac-ft per Ac, 2,76 - 2.5p 2,57
Shortage in percent of consuupiive use 7. = 1.8 15.6

The total diversion shortzge was first converted-to acrelfeet
per acre by dividing the total diversion shortage by 90,000 agres,
the irrigated area in the division, The shortage to the crop|was
then computed b:- computing the amount of diversion shortage that
would be lost in transportation and farm waste. The factor uged is
2.06 and it represents the weighted mean loss facter for all the
units that comprise the Bostwick Division. The shortage in percent
of consumptlve use is the ratio of the crop shortage to the weighted
mean annual consumptive use for all units,

—
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£y Average Ann Flows
Water Budget 1929-47 Period

Historical Inflow - Harlan County Reservoir 511,300 A,~Ft.
Anticipated Upstream Depletions ' 154,900 ' "
Depleted Inflow to Harlan County Reservoir 356,400 1
Historical Accretions-Republican River-Harlan Co.

to Sup, C. Dam 52,800 "
Historical Aceretlions-Republican River-Sup. C. Div.

Dam to Hardy 17,900 { "
Historical Accretions-Republican River-Hardy to

Scandia Less White Rock Creek 65,100 "
Historical Flow White Rock Creek into Lovewell

Reservoir 17,700 ¢ "
Total Available Water Supply 509,900 | v
Bostwick ProJect Depleations 138,200 f "
Depleted Flow Republican River below Scandia,

Kansas 371,700 . "
Historical Flow at Scandia, Kansas 664,000 I "
Total Republican Drainage Depletions 292,300 v m

Comparison ptudies operating with and without Lovewell

Monthly operation studies without storage in Lovewell Reper-—
voir indicate that 80,000 acres can be irrigated if Harlan County
Reservoir is the only storage provided in the Division. In this

study it was assumed that the reduction in area to be served

would occur by reduction of the area served by the Courtland Canal

in Kansas. An area of 39,000 acres could thus be served by the

Courtland Canal in Kansas, This compares with 49,000 acres that

could be irrigated under the plan of development presented in
report, Table 96 is a summary of the Harlan County Operation

this
Study

without Lovewell Reservoir, Shortages of 15,2 percent in 1940, 13

percent in 1934, and 1,7 percent in 1935 would have occurred.

These shortages are approximately the same as the shortages in the

plan of development presented in this report,
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River Operation Plan

igggeratiés Criteria

The use of water in the Beostwick Division of the Republig

River development is based on the concept that the Federal, Go
ment will control the stored water in the reservoirs, built ol
be built by the Government, to the extent that such storage ws

hply

can be administered to supplement natural flow so that all are
proposed for development in the division will share the avai
water supply. Local supplies will be used first before stora
is called upon. This will be accomplished through terminolog

It is intended that this concept of using the Government
volra to supply storage water to supplement natural flow, so

Republican River Basin. The Harlan County Reservoir and the
of the Bostwick Division are but one part of a river system o
reservoirs in the Republican Drainage Area, Water stored in
reservoirs can be used to share shortages in downstream rese
This typ: of operation will permit the greatest use of the aw
water supply.

The operation study in this report is made without use o
benefits from storage from upstream reserveirs. The operati
made with Harlan County Reservoir receiving only return flows
unused natural flow from upstream., iven on this basis the
shortage is only 15.6 percent which is well within the maxim
tolerable shortage limit of 25 percent, With the reservoirs
on the concept of sharing shortages, the shortage for Harlan
Reservoir would be reduced to less than 10 percent. The oper:
studies, contained in the Frenchman-Cambridge Division report
of the Definite Plan report, were all made on the basis that
reservoir was operated to serve only one unit, the unit immed:
below the reservoir. The benefits of system operation of the
voirs will only be evident primarily during years of short wal
supply. In most years water supplies are adequate so that a
of shortages is not necessary. Therefore, in most years each
voir will serve only the lands lying immediately below the re
voirs as indicated in the Definite Plan Reports, Table 32, e
"Shortages occurring in Reservoirs in the Republican River Dr
area when unlts are operated independently,'" shows that durin
19 year period of the operation studies there were only 4 yea
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.. [County Reservoir were of any consequence. Irrigators’ in the |B
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éshprtgges occurred and only 2 years when shortages in Harlan

‘wick Division would have been aided by sharing shortages in a s
tem operation of the reservoirs in these two ydars. There were

ogt-
ya-
only

six years when a system operation plan could have materially Hene-
fited the lands of the Frenchman-Cambridge Division. An inspection

of table 32 will show that Trenton Reservoir could be used to la

llevi-

ate shortages under the Bartley and Cambridge Canal systems, [In

most years, system operation will consist primarily of the regu
tion of river pickup, spills and operational wastes through ras
voir control and in use of reservoir for flood control and fldo
routing.

Priority Administration

It is expected, under actual operating conditions, the pri
ties will be enforced in Nebraska with respect to the use of
flow and for the storage of water in the reservoirs. However,
enforcement will not materially change the use of water as pres
in the Republican Drainage Basin studies and will not prevent
operation of the reservoirs where it is necessary, if the Bur
Reclamation retains the right to supplement natural flow with |s
age water,

The filings for the storage of water in Harry Strunk” and
Reservoirs are prior in time to the filing for storage of watep
Harlan County Reservoir., The Parks, Trenton, and Red Willow Rp

la-
er-
d

ori-
tural
such
ented
ystem
u of
tor-

fnders
in
ser-

volrs will have storage appropriations junior to Harlan County Reser-

volr filing but according to the operation studies 1940 is the
only year when water stored out-of-priority in these three juni

or

reservoirs would have been releasad to relieve shortages in Harplan

County Reservoir under strict priority administration. If such
releases of storage had been made, the shortage of water on thbé

respective lands would not have been intolerable. Secondary filings
have not yet been made for the use of storage from any of the reser-
voirs in the Republican drainage area, as required by Nebraska| law,

but the Nebraska irrigation officials have indicated that such

fil-

ings can be made in a manner which will permit the use of storage

water to share shortages in a scheme of system operation. It is

also intended that agreements will be made between the various|irri-
gation districts and the Bureau of Reclamation permitting system

operation,

Under the plan of operation presented the greatest use of|storage
water will be realized if the storage is held as far upstream as

possible at all times, Water from upstream reservoirs should TOt
xpected

be transferred to down-stream reservoirs in anticipation of e
events except to alleviate floods.
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o An integrated operation of the reservoirs of the Republidan
- drainage area on the basis of priority administration has not |[been
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¢

‘presented in this report because it is impossible to simulate
priority administration for the full peried of study in view df
the fact that daily figures are not available, Much of the water
supply data is based upon monthly values determined by correlations.
In addition the priorities of the canals in the Bostwick District
in Nebraska diverting from the Republican River on the north glde
have not been finally determined.

Table 5 shows a priority of February 1, 1937 for the Republican
River canals, Nos. 1, 2, and 3, under the appropriation name of "The
Republican River Public Power and Irrigation District." Thes
priorities cover the same lands as are under the Franklin and
canals, These applications were not made by the present Bostwi
Irrigation District but were made by some of the backers of the
present district. Table 5 also shows applications with the prilority
date of February 6, 1948, by the present Bostwick Irrigation
trict for these same canals,

but the Bureau of Reclamation is recommending the adoption of fthe
1948 priorities, The appropriations of water for the canals o

to the 1948 appropriations for the Beostwick Division canals me
above and for the balance of the Bostwick Division canals except

for 4,620 acres in the Driftwood area and 5,210 acres in the Upper
Meeker area of the Driftwood Unit, 3,580 acres in the McCook table
land area of the Frenchman Unit, and 1,000 acres in the Red Willlow
Unit, These acres have been added to the Frenchman-Cambridge Divi-
sion since the 1948 appropriations for the use of water were fliled
by the Bostwick Division. Hence, the water appropriations for| these
lands will be junior to all of the Bostwick Division lands and),
consequently, will be largely dependent upon storage water, The
enforcement of the Bostwick Division canal priorities against these
Junior Frenchman-Cambridge lands will not provide the Bostwick|
canals with any appreciable water because at times when the water
supplies were short, demands of the senior appropriations of the
Frenchman-Cambridge District and the senior appropriations of the
Culbertscn and Meeker canals would absorb all of the natural flow
available,

The water appropriations for the Upper Republican and French-
man-Cambridge Divisions are, however, junier to the 1937 appli¢ations
for the Franklin and Superior canals and if these priorities were
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Eadbpted, these canals could demand water from all of the Frenchman-
Cambridge Division canals with a priority of January 22, 1946, or
later,

Studies have heen made on a monthly basis to determine
quantity of water which would have been released from the Fre

during the 1929 to 1947 period of study. These studies are n
presented herein., They show that intolerable shortages would
have resulted in the Frenchman-Cambridge Division even if the
priority had been enforced. The maximum degree of shortage fi
canals served from Swanson Lake, Red Willow Reservoir, and H
Strunk Lake was 10 percent of the consumptive use requirement
ing this criteria.

Bostwick Division com%act study -- The inflow for the th
cal operation study of Har County Reservoir contained in t
report is based upon the use of water upstream under the Bure
of Reclamation's comprehensive plan of development, The uppe
of irrigation development in the Republican River Basin has n
ily been based upon a separate study known as the "Compact 3t
because of the Republican River Compact,

Table 97 is a summary of the operation of Harlan County
Lovewell Reservoirs based upon the inflow to the Harlan Count
Reservolr depleted for full compact allowances for use of wate
Kansas, Colorado, and Nebraska, This table shows a maximum degree
of shortage of the conswmptive use reguirement equal to 36.9
cent in 1934 and 29.2 percent in 1940, These percentages are fn
excess of the adopted maximum of 25 percent which is considere
tolerable limit for shortages, but these shortages are without
benefits of system operation and of sharing shortages.

the

The use of upstream reservoirs to share these shortages will
reduce these quantities to considerably less than 25 percent,

Complete use of the compact allocation in the area above Harlan
County Reservoir is not considered feasible under present econpmic
conditions. If it should prove economically feasible to make [further
use of the water supply and approach compact allocations, additional
reservoir regulation may also be feasible,

Operating Agreement - Harlan County

The Harlan County Reservoir was constructed by the Corps pf
Engineers, U, S. Department of Army, but the reservoir is to bb
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r 6peratad'for multiple purposes, including flood control, irri
. recreation, public health, and fish and wildlife preservation
" control and release of storage for irrigation purposes is sub

to the demands of the Bureau of Reclamation.

The Bureau of Reclamation has placed a filing with the N
Bureau of Irrigation, Water Power and Drainage for the storag
350,000 acre-feet of water in Harlan County Reservoir for iry
tion and silt control with a priority date of June 26, 1948,

The various public agencies interested in the irrigatior
public health, recreation, and fish and wildlife features of
Harlan County Reservoir on March 29, 1950 drafted a "Statemer

1y

gation,
« “Tha™*
Ject

I
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Operational Objectives for Harlan County Reservoir." This statement

of objectives has been presented to the Governors of Nebraskd
Kansas and has bsen approved b, the interested agencies. Thij
Appendix "A" in the following "Field Working Agreement for H
County reservoir between the Bureau of Reclamation and the Cd
Engineers, This agreement has been approved at the field ley

FISLD WORKING AGREEMENT BITWEEN
DEPARTM&NT OF THZ ARMY, CORPS OF ANGINEZRS, AND
DEPARTMENT OF THE INTYRIOR, BUREAU OF RJACLAMATION
REGARDING OP:iRATION OF
HARLAN COUNTY DAM AND RESERVOIR
REPUBLICAN RIV:R, HARLAN COUNTY, NEBRASKA

THIS AGREEMHENT, made and entered into this day of
1952, befween the Corps of Engineers and Bureau of Reclamatiq
WITNSSSETH, THAT:

WHEREAS, the Department of the Army, acting through the
of Engineers, represented by its appropriate District dngines
hereinafter referred to as the District Pngineer, has const
the Harlan County Dam and Reservoir on the Republican River

and

s is
arlan
rps of
els.

'
e}

oI,

Corpa
Ty
icted
ear

Alma, Nebraska, and is responsible for the safety of the struycture,
for flood-control operations of the reservoir, and for certaln other

operations as defined herein, and

WHEREAS, the Department of the Interior, acting through|the Bureau
of Reclamation, represented by its appropriate District Manager,

hereinafter referred to as the District Manager, is responsi
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for irrigation operation of the comprehensive system of irri
¢ works in the Republican River Basin, and _

WHSREAS, the irrigation storage in sald dam and reservoi
the comprehensive system of irrigation works, and,

WHIREAS, a statement of operational objectives for purp
of flood control, irrigation, public health, recreation and
wildlife preservation has been agreed upon by the various Fe
and State agencies concerned (a copy of the statement of ope
. objectives is attached as Appendix A), and

WHEREAS, the District lngineer and the District Manager,
with other Federal and State agencies, are considered to hav
to a varying degree, a joint interest in operational objecti
other than flood control and irrigation, and

WHEREAS, there is need for a working agreement in order
there will be a clear understanding between the District Engi
and the District Manager as to reservoir operations for irri
and related conservation uses, including details of storage
tions and possible reallocations, hydrologic data collection
reporting arrangements,

NOW, THERAFORE, it is mutually understood and agreed by
between the parties hereto as follows:

l. Storage capacity allocations. -- The storage capacit

cations of Harlan County Dam and Reservoir, exclusive of surg
storage capacity above elevation 1973.5 feet, m.,s.,l., which §
vided in combination with spillway capacity to insure safety
structure, are defined in the following subparagraphs:

a, Flood-control storage.-— Flood-control storage
shall include the storage capacity between elevation 1946.0 f{

m.s.1l., and elevation 1973.5 feet, m.s.l. (initially amountir
500,000 acre-feet),

b, Irrigation, conservation and sediment reserve
Irrigation, conservation and sediment reserve storage capacl
shall include the storage capacity below elevation 1946.0 fe
m.s.1. This capacity initially amounts to 350,000 acre-feet,
which 150,000 acre-feet are specifically planned for irrigati
200,000 acre-feet are provided as a reserve for the accumlat
sediment, Until such time as sediment fully occupies the all
reserve capacity, it will be used for irrigation and various
tion purposes including public health, recreation, and fish 4
life preservation.
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2. Storage reallocations,—The District Engineer shall at
reasonable intervals make necessary field surveys and office studies
to prepare estimates of the volume and location of sediment deposits

" in the regervoir., If the results of these studies show that the

storage available for flood control and irrigation, respectively,

is reduced by an amount exceeding 10 percent of the specific alloca-
tion for either purpose, the operating plan described herein with
respect to storage allocations and/or the elevation limits of the
storage allocations shall be reviewed with the view of compensating
for such reduction in storage capacity by assignment of equitable
shares of an appropriate part of the memaining sediment reserve
capacity.

3, Plan of gperation

a, The District Engineer will operate the storage capacity .

. in the Harlan County Reservoir referenced in paragraph 1lb above,
" through appropriate instruction to the dam tender to supply the

water requirements for the Bostwick Irrigation Project as prescribed
by the Bureau of Reclamation, and to fulfill the other operational
objectives stated in Appendix A insofar as may be practicable in
accordance with general storage and release schedules worked out
with the District Manager and representatives of other interested
agencies and agreed upon with the states in annual and more frequent
conferences as may be nacessary.

! b, The District Manager will furnish the District Engineer
with weekly estimates of daily irrigation release requirements,
which shall be subject to interim adjustment by the District Manager
as required. The weekly estimates and interim adjustments shall be
furnished simultanecusly to the District Engineer and to operating
personnel at the dam, using communication methods under detailed
arrangements as may be made from time to time. Oral messages shall
be confirmed in writing under date of the day issued,

¢. When the reservoir level is in the flood-control pool,
the District Engineer will make such minimum releases as the District
Manager may prescribe as necessary to meet irrigation requirements,
Procedures will be the same as given paragraph 3b, insofar as
applicable,

L. Operation and hydrologic data and reporting arrangements,--
Proposed schedules of flood-control releases and flood-control
storage changes, if available, and current operating data shall be
provided to the District Manager by the District Engineer, The
current reservoir operating data shall be tabulated daily and fur-
nished periodically as required, and shall include such items as:
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'reservoir elevation, storage inflow, and outflow. All available ' .
(«. reports from meteorologic and stream-flow stations pertinent to -
& the operation of the reservolr obtained by either the District
' Engineer or the District Manager shall be exchanged as required.
These data shall be furnished or exchanged by the most expeditiocus
method of communication under detailed arrangements as may be
made from time to time,

IN WITNESS WHEREOF, the parties hereto have caused this memo-
randum of agreement of be executed as of the day and date first
above wrltten. :

CORPS OF ENGINEERS: . BUREAU OF RECLAMATION:
:
! ik : By___
‘ i+, Le J, LINCOLN H. E. ROBINSON
i ;_ Colonel, .Corps of Engineers District Manager
yi : District Engineer Bureau of Reclamation,
Kansas City Distriet Kansas River District
Attachment:

Appendix A - Statement of Objectives dated 29 March 1950

29 March 1950

AT ST

APPENDIX A

T

STATEMENT OF OPERATIONAL OBJECTIVES
' FOR -
HARLAN COUNTY RESERVOIR, NEBRASKA

e

1. ‘General.--Harlan County Dam is located on the Republican
River approximately 8 miles east of Alma, Harlan County, Nebraska.
Harlan County Reservoir will have an initial capacity of 850,000
acre-feet, with allocations of 500,000 acre-feet to flood control,
150,000 acre-feet to irrigation and 200,000 acre-feet for accumu-
lation of sediment. (a) Until such time as sediment fully occupies
the allocated sediment capacity, it also will be utilized for various
conservation purposes,
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2. General operational objectives,~-The general operational
objectives for Harlan County Reservoir, as visualized at this time,
are for the multiple use purposes of flood control, irrigation,
public health, recreation, and fish and wildlife preservation, A
bulkheaded opening is being provided in the dam to permit a possible
future power installation. In order to assure realization of the
greatest public benefits, operation plans should be sufficiently
comprehensive to permit the maximum integration of the other uses
consistent with the primary purposes of flood control and irrigation.
To the maximum extent possible and consistent with the Republican
River Compact, Harlan County Reservoir should be considered as but
one part of the system of reservoirs in the Republican River Basin,
and should be operated to obtain maximum system benefit for all con-
cerned uses from all reservoirs in the system operating as a unit
of the Missouri River Basin Project. Reservoir operations will be
complemented by the programs of land management and soil conserva-
tion, which will extend the efficient operation of the reservoir
for all purposes by reduction of sediment accumulation.

v

OBJECTIVES OF INDIVIDUAL PURPOSLS

3. Flood Control.-~The operational objective will be to con-
trol the flow of Republican River to effect the maximum practicable
reduction in flood damages below the dam on the Republican, Kansas
and Missouri Rivers with incidental reduction in flood damages
on the Mississippi Rliver,

L. Irripation,--The operational objective will be to regulate
natural flow, including return flow from upstream development, in
such a manner as to provide a satisfactory quantity of irrigation
water to irrigation development on the Republican River between
Harlan County Dam and a point near Concordia, Kansas, This area
comprises the Bostwick Division of the Missouri Basin Project, and
embraces a total potential irrigated area of 91,000 acres, With
the exception of the Scandia Unit in Kansas, which is temporarily
delayed, development of the Bostwick Division is contemplated as
rapidly as construction and appropriation considerations will allow,

5. Public health,--The operational objective will be to main—
tain flows in the Republican River downstream from the dam that
are required for sanitary quality of atream water as related to
municipal water supply and stream sanitation. The minimum flows
currently required for those purposes, assuming primary treatment
of municipal and industrial waste and for present population and

6L,
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Enduatry, have been determined cooperatively by the Kansas State:

Board of Health, the Nebraska State Department of Health, and the
U, 5. Public Health Service for various points on the river as
follows:

Desired minimum flow during given period in second-feet

Dec, June
to to
Feb, Mar,Apr. May fept. Oct, Nov,

- ]

Franklin, Nebr, 121 2:3:5: 8: L= 2
Red Cloud, Nebr. b5 :8:002:20: 9+ 6
Superior, Nebr, : 8 :10 :16 124 2 40 18 1 12
Scandia, Kans. : 6 :18:12:18:30 :14: 9
Concordia, Kans. : 9 12 :19 :28 + 47 : 21+ 14
Clay Center, Kans. : 7 1 8:13:290:33 :15: 10 :
Junction City, Kans. : 8 :10 =16 :24 : 40 : 18 : 12

Control of mosquitoes in the reservoir area as necessary to
safeguard health and welfare is recognized as part of the over-all
program of reservoir operatien,

6. Recreation,—The operational objective will be to main-
tain a pool of maximum area and minimum fluctuation, A satisfactory
plan for recreational development of the area can be evolved
under operatlonal plans which do not drain the reservoir below
elevation 1925, A more extensive development of recreation along
the shoreline would be possible with drawdowns limited to elevation
1935,

7. Fish and wildlife preservation.--The primary operational
objective will be to maintain the reservoir at the highest practicable

level above the minimum required elevation of 1930 feet to permit

the development of refuge conditions and facilities at Harlan

County Reservoir (of national importance in assisting in the rehabili-
tation of a large portion of the continental water-fowl population
using the Central Flyway) and to enhance loczl hunting and fishing

on the Reservoir.

8. A secondary operational objective will be to maintain
stream flows below the reservoir to preserve fishing and hunting

values, insofar as such maintenance would not conflict with the
primary objective of refuge development and operation, To achieve
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. this secondary objective it will be desirable to maintain the follow-
" ing minimum flows at every point in the Republican River below

the dam: An instantaneous minimum flow of 10 second-feet; a mean
minimum weeldly flow ef 20 second-feet throughout the year; and a
mean minimum monthly flow of 4O second-feet during the months of
May to October, inclusive. Benefits from these flows would be

of local nature as compared with the national benefits expected from
refuge development.

RECONCILIATION OF OBJECTIVES

9s Discussion,—Operation studies of the period 1929-47,
including the most critical streamflow period of record from April
1934 to June 1935, indicate the degree to which compromises between
objectives may be required. These studies indicate that during
the initial 10-year development period the full requirements of
flood control, irrigation, public health, recreation, and fish and
wildlife preservation can be met without shortages occurring for
any one use, The desired flows for maintaining fishing and hunt-
ing values below the reservoir cannot be fully met without incurring
shortages for other uses, but releases for public health and irriga-
tion will approach these flows, '

10, Between the 10th and 20th years of project development
of sediment accumulation, additional shortages of a minor nature
would occur only in case of a critieal period such as occurred in
1934-35, If such conditions were to occur in the 20th year, and

the shortages were accepted entirely by irrigation such shortages

would be approximately 8 percent of the annual diversion demand,

If accepted entirely by wildlife, it would cause a reduction in
water surface area of approximately 5 percent, If shortages were
accepted entirely by public health to the extent of its demands,
nuisances due to stream pollution would result at numerous locatlons,

11. During the succeeding 30 years of operation, the short-
ages can become progressively more significant, primarily because
of accumulation of sediment, Long range studies indicate that
conditions such as occurred in 1934-35 will have a frequency of
only about 3 times in 100 years. It is possible that increases in
efficiency of system operation, obtained as a result of operating
experience, may lessen the need for compromises between the various
'.1385- :
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f Y i‘ 12, A satisfactory plan of recreational development can be
il e % . evolved under these operational objectives,

13, Conclusions,—~- The decision as to which use shall accept
shortages will rest with-the states, as administrators of water,
Since studies indicate that shortages will not occur for at least
10 years, it appears unwise to request that a decision be made at
this time, Such a decision can be deferred until the aituation
arises, at which time specific needs of each use and the conditions
affecting those uses will be more definitely knowne.

(a)The reservoir will also serve the collateral purposes of f£ish

and wildlife preservation, recreation and stream pollution
abatement .

Hydrologic Requirements for Operation

Forecasting Requirements

Routine seasonal forecasts of the water supply for each irriga-
tion season are expected to be made about April 1 of each year
and during each irrigation season as required, These forecasts will
- take into account the carryover storage from the previous year, the
expected reservoir inflow, and the various water requirements
expected for the season.

Special floodwarning services have been requested of the
Weather Bureau. The Corps of Engineers and the Bureau of Reclama-
tion are paying the Weather Bureau to operate a floodwarning net-
work in the Kansas River Basin, (See exhibit 27.) The map indi=-
cates the channeling of flood reports to the various offices of the
Bureau of Reclamation, the Corps of Engineers, and the Weather
Bureau, In all cases the flood reports from upstream drainage areas
are made avallable to Bureau of Heclamation or Corps of Engineers
offices which are located downstream or which have other reasons
for being interested in such reports. Arrangements have been made
to have the reporting stations, both precipitation and stream gage,
in the area near Harlan County Dam report flood data to the Corps
of Engineers office at Harlan County Dam, The Corps relays this
information to the Weather Bureau office in Kansas City, Missouri,
and to the Reservoir Operations Center of the Bureau of Reclamation
at McCook (Indianola), Nebraska, The Bostwick Division office at
Superior, Nebraska is warned of any flood conditions that may affect
that area.
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'i The Weather Bureau has also been requested to give the
+ Bureau of Reclamation all forecasts of flood runoff which may
cause a river discharge of 5,000 second-feet, or greater, on the
Republican River at Guide Rock, Nebraska, It is planned that a
similar setup for forecasting will eventually be arranged regard-
ing river stages at the Scandia Diversion Dam, It is also planned
that any flood forecasts provided by the Corps of Engineers affect-
ing areas. of the Kansas River Basin in which the Bureau of Reclama-
tion operates, including the Bostwick Division, will also be made
available to the Bureau of Reclamation.

Hydrologic Installations

The hydrologic installations required for a floodwarning net-
work are, for the most part, already installed and in operation.
(See exhibit 27.) It is expected that three or four additional
precipitation stations will be added in the drainage area above
-Lovewell Dam when construction starts on the dam,

Most of the stream-gaging stations required for operation
of the system are installed and are shown on the map on exhibit 27.
The stream~-gaging stations at which records will be quite important
are listed as follows:

Station Data Measured Pregent

T e —— ‘ Btatus

Rep, R, at Orleans, Nebr, Inflow into Harlan Co.Res. Existing

Sappa Cr, nr, Stamford, Kan. Inflow into Harlan Co,Res., Existing

Prairie Dog Cr. nr, Woodruff, Kan, Inflow into Harlan Co.Res. Exdisting

Rep. R. below Harlan Co, Dam Outflow from Harlan Co,Res Under Cons.

Rep, R. nr, Guide Rock, Nebr. Flow passing Superior- Exdisting
Courtland Div, Dam

Rep. R. nr, Hardy, Nebr. Flow passing Nebr,-Kansas Existing
State Line

Rep, R. at Scandia, Kansas Flow passing Scandia Existing
Div. I]a.m

Rep. R. at Concordia, Kansam Flow passing Scandia Unit Existing

White Rock Cr, above Lovewell Res. Inflow into Lovewell Res. To be |

inastalled

White Rock Cr, nr. Lovewell, Kan, Outflow from Lovewell Res, Existing
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: The stream-gaging stations are installed and operated by the
/*Geological Survey, At the present time, the Corps and the Bureau -
each pay half of the costs for installing and operating inflow gaging.
stations for reservoirs. The agency responsible for operation of
the reservoir pays all of the costs for outflow gaging stations.
The Bureau of Reclamation pays for operation of river-gaging stations
at diversion dams., The transfer of funds from the Bureau to the
Geological Survey is made at the Washington level, It is anticipated .
that in time the operation costs of these stream-gaging stations
will be borne entirely by the states and by the Geological Survey.

Gaging stations with recorders should be operated on the
canals at the points indicated below:

Canal Location Data Measured
Superior Near point of diversion Canal diversion
Superior Nebr.-Kan., State Line Wastes passing state line
‘Courtland Near point of diversion Canal diversion
Courtland Nebr.-Kan. State Line Flow passing state line
Courtland Near Lovewell Reservoir Flow into Lovewell Res,
Courtland Below Lovewell Reservoir Div., from Lovewell Res.
Franklin Near Harlan Co. Dam Canal diversion

S Naponee Near Harlan Co. Dam Canal diversion
Franklin Pump Near point of diversion (anal diversion
Red Cloud Pumps (3) Near points of diversion Canal diversion
Republic Canal Near point of diversion Canal diversion
Scandia Canal Near point of diversion Canal diversion

The recurring costs of the existing floodwarning network
operated in cooperation with the Weather Bureau in the area of
the Bostwick Division amount to $810 per year charged to the Corps
of Engineers and {460 per year charged to the Bureau of Reclamation,
Three additional precipitation stations will cost 9150 for initial
installation and will cost #345 per year for operation and report-
ing services, An evaporation station at Lovewell Reservoir will
cost, §515 initially and $&2 per year for operation, This need
not be installed until the reservoir is in operation,

All precipitation stations in the floodwarning network report
all rainfall of 0,50 inches or more, During the flood season
and irrigation season routine daily reports are exchanged between
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and Guide Rock, Nebraska, on Frenchman Creek, Red Willow Creek,
Beaver Creek, Sappa Creek, and on Prairie Dog Creek. Special
flood reports from these stations are made at more frequent inter-
vals if required. Stages at which flows exceed 300 second-feet
are reported regarding Thompson Creek and Center Creek,

Radio Network

An AM system and an FM system will be used in the radio net-—
work of communication between the various operating offices and
with field personnel, The AM system (5,287.5 and 3,207.5 kilo-
cycles) will be installed at McCook (Indiancla), Nebraska, Harlan
County -Dam (cost paid by Corps), and Superior, Nebraska, Terminal
FM stations are being installed at Superior and at Superior-Court-
land Diversion Dam, It is expected that terminal FM stations
of the same frequency (40,700 kilocycles) will be installed at
Lovewell Dam and at Scandia Diversion Dam when they are constructed.
The ditchriders on the canals will be equipped with mobile FM sets
in order for them to communicate with each other and with their
division offices. This network and its relation with the overall
network of the Kansas River District existing or planned for immedi-
ate installation is shown on the map, exhibit 28.

Operational Procedures

Exchange of hydrologic operational data,

Arrangements have been made with the Corps of Engineers
to provide for a daily exchange of routine information regarding
reservoir and stream-flow data. During fleood conditions the
exchange of data will be as often as necessary and may be on an
hourly basis with the Corps and with the Weather Bureau, Routine
information exchanged between the Corps and the Bureau of Reclama-
tion by telephone or radio will be confirmed by periodic written
report.s,

Origin and channeling of operational. orders,

The office of the Bostwick Division Irrigation Superintendent
will agsemble data pertaining to canal use requirements on a day
to day besls for the division. This information will be relayed to
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| the Reservoir Operations personnel of the Kansas River District

: Fofficeia-Thefaxisting reservoir and stream conditions in the -

drainage area above Harlan County Reservoir, as well as those in
the Bostwick Division, will be considered in planning releases
from Harlan County Reservoir to meet irrigation requirements.

The Corps! office at Harlan County Dam and the Bureau of Reclama-
tion's Kansas River District office will, in their routine daily
exchange of information, determine the required releases to be
made from Harlan County Reservoir for all purposes. The filling
of Lovewell Reservoir from flow in the Republican River and the
releases from Lovewell will be planned by the Division Irrigation
Superintendent and personnel of the Reservoir Operations Sectioen,

It will be possible for the Superior office to talk to Harlan
County Dam by AM radio to discuss details of operating procedures.

Roservoir surveys and storage rcallocations.

Reservoir operating agreements with the Corps of lngineers
state that when the conditions in the reservoir change so that the
actual storage betwsen the elevations fixing storage allocations
varies more than ten percent of the allocation, a reallocation of
the storage space in the reservoir is in order., The initiation of
-surveys to determine such changes rests with the agency responsible
for operation of the reservoir. The Corps will make such surveys
as required for Harlan County Reservoir and the Bureau will make
those for Lovewell Reservoir.

Operating Organization

Until such time as portions of the irrigation systems are
taken over by the Irrigation Districts, as provided for under the
terms of the repayment contracts, the entire Bostwick Division will
be operated under the direction of the Irrigation Superintendent of
the Kansas River District, except for the operation and maintenance
of Harlan County Dam and Reservoir by the Corps of Engineers.

Existing Operation Organization.

At present there is a Division Irrigation Superintendent, with
offices at Superior, who is responsible for operating and maintain-
ing the diversion dams and canals in the Bostwick Division. Per-
sonnel in the Hydrology Section of the District Office have been
delegated with the responsibility of working out details of agree-
ments with cooperating agencies and coordinating the operation of

1
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‘the various reservoirs for the benefit of the irrigation systems!
‘of . the: Kansas River District, including those in the Bostwick
Division. * Both the Division Irrigation Superintendent and the
Distriet Hydrologist, who is in charge of Reservoir Operations, are
supervised by the District Irrigation Superintendent,

Future problems of operation organization,

Additlonal personnel will be required to operate the canals
and diversion dams which remain to be constructed, A caretaker
will also be required to operate Lovewell Reservoir,

Operation responsibilitv between agencies,

The operation responsibilities of the different Federal
agencies are defined in the "Field Working Agreement" regarding
Harlan County Dam and Reservoir. A similar agreement is planned
for Lovewell Reservoir,

The operating agreement for Harlan County Dam and Reservoir
states that the Corps of Engineers is responsible for the safety
of the structure and for flood control operations of the reservoir.,
The agreement also states that the Bureau of Reclamation is respon-
sible for irrigatiom operation of the comprehensive system of
irrigation works in the Republican River Basin.

The Corps of fngineers, through their District Engineer, will
operate the reservoir to supply the water requirements for the
Bostwick Irrigation Project as prescribed by the Bureau of Recla-
mation, through their District Manager, Insofar as may be practi-
cable, the reservoir will be operated to fulfill other benefits,
such as those planned by the Public Health Service, Fish and Wild-
life Service, National Park Service, and various state agencies,
General storage and release schedules will be worked out by the
Corps in cooperation with the Bureau of Reclamation, other inter-
ested agencies, and the states concerned in a meeting to be held
annually, or more frequently if necessary.

The operating agreement for Lovewell Dam and Reservoir will
make the Bureau of Reclamation responsible for the safety of the
structure and for irrigation operations of the reservoir, The
Bureau will operate the flood control storage in accordance with
instructions supplied b the Corps of fngineers.
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Recommended' organizational plan, ' |

“A generalloutlina of the organizational plan for a staff to
operate the Boatwick Division 1s suggested as follows:

District Irrigation Superintendent

District Hydrologist Division Irrigation Superintendent
Operations Hydrologist Watermasters Cardtaker Clerk
Hydrographer Gatetenders (Lovewell Radio Operator
Radio Operator & Clerk (Div. Dams) Res.) & Clerk
Ditchriders Laborers
Laborers

Comparison of Republican River "Compact Study" and "Basin Study"

The Republican River Compact was agreed upon by the states of
Colorado, Nebraska, and Kansas in order to assure that there would
be no interstate disagreements regarding the use of water by Bureau
of Reclamation developments,

In view of this compact agreement the Bureau of Reclamation,
as a preliminary step to the Bureau practical plan of development,
prepared a study known as the "Compact Study' for determining the
upper limits of irrigation development that could be made in each
state using the water allocated to each state by the Compact,

This summary of the "Compact Study" is presented herein to com-
pare the use of water in the "Compact Study" with the use of water
in the Bureau of Reclamation's water supply studies for a compre-
hensive plan of development of the water resources &f the Republi-
can River Basin, of which the Bostwick Division report is a part.,

This Bureau of Reclamation practical plan of development for
the Republican drainage area will hereinafter for purposes of com-
parison, be referred to as the "Basin Study,!

"Compact Study." Article I of the Republican River Compact
reads in part:

"The major purposes of this Compact are to provide for
the most efficient use of the waters of the Republican River
Basin for multiple purposes; to provide for an equitable divi-
sion of such waters; to remove all causes, present and future,
which might lead to controversies, to promote interstate comity;
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to recognize that the most efficient utilization of the
waters within the Basin is for beneficial consumptive use;
and to promote joint action by the States and the United
States in the efficient use of water and the control of
destructive floods."

The specific allocations in acre-feet made to each state
derived from the computed average annual virgin water supply
originating in the designated drainage basins, or parts thereof,
of the Republican River Drainage Basin are shown in table 3,

The amount allocated to each state on the various tributaries
and the main stem of the Republican River is the governing factor
considered by the Bureau of Reclamation in making water supply
studies for the "Compact Study." The allocations, as presented
under the Republican River Compact, are listed in table 3, The
"Compact Study" was made for a 19 year period, namely 1929 through
1947. This period includes the period, 1930 through 1940, which
was the period used in establishing the basic information used in
negotiating the Republican River Compact. The 1929-1947 period
was also used in the "Basin Study."

The "Compact Study" shows the amount of development that can
be made in the various drainage areas using all the water as allo-
cated in the compact. In order to provide for the full consumptive
use of the water allocated to each state it was necessary in some
cases to assume depletions irrespective of the matter of the feasi-
bility of such consumpbive use. The same operating criteria with .
minor exceptions as noted in the following discussion of "Compact
Study" vs, "Basin Study," were used in each of the two studies.
The complete "Compact Study" is available for inspection in the
Kansas River District Office at Indianola, Nebraska.

"Bagin Study." The "Basin Study" was made using the available
water supply to develop projects that were considered feasible under
the Missouri River Basin plan of development, however, the maximum
acreage to be irrigated in all drainage areas has been limited to
the area that could be developed as determined in the "Compact
Study." The unused water was passed downstream and was used to
alleviate shortage, If in the future a change in economic condi-
tions make possible additional development where complete compact
depletions were not made, the full compact allocations may then be
used without causing intolerable shortages.
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} "Compact Study" vs. "Basin Study." The basic information used

"in preparation of the water supply for the two studies is practically .
identical.” A brief comparison of water use for both studies is

as follows:

1. Depletions by anticipated stock pond development and
for expected increase in private irrigation are estimated
to be approximately the same in both studies.

\ 2, An investigation was made of present water uses
throughout the Republican River drainage area. The results
obtained from this investigation showed that the present use
was approximately the same as estimated by the Commissioners.
The present uses of water were the same in both studies, '

3. Project areas receiving a supplemental and a full
water supply are the same with the exception of Red Willow
and Cambridge Units. The project area of 12,590 acres served
in the "Compact Study" has been reduced to 11,990 acres in
the "Basin Study" for Red Willow Unit, An area of 20,150 acres
used in the "Compact Study" for the Cambridge Unit has been
reduced to 17,230 acres in the "Basin Study.” This reduction
in acreage for the units mentioned above is the result of recent
land classification surveys,

4. Both studies were made in a downstream order to
reflect the water use of all upstream developments.,

5. In the "Compact Study" it was found that all the
water allocated under the compact was not used after all
depletions were made for practical development. In order to
" provide for a complete use of the compact allocation in Colo-
rado and upper drainage area in Kansas, an additional depletion
for unidentified development was made., In Nebraska, additional
depletions were made on Beaver Creek, Sappa Creek, and on the
main stem of the Republican River above Harlan County Reservoir.

6+ In both studies water loss due to reservoir evapora-
tion was accounted for and charged to the states, depending
on the location of the reservoirs and the areas served,

The evaporation of Harlan County Reservoir charged to
Nobraska and Kansas was distributed on a storage delivery
basis. The storage water delivered to Nebraska and Kansas on
an annual basis for both studies is shown in table 98, The
percent of storage water delivered to MNebraska and Kansas for
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| each study, is also shown on this table. Total evaporation
- was adjusted by the evaporation loss from the dead storage

Water Supply

pool of 75,000 acre-feet, The difference between the total
evaporation and that resulting from 75,000 acre-feet is the
total evaporation loss charged to irrigation in Nebraska and
Kansas. tvapocration loss was prorated to each state on a
percentage basis as listed in the following tabulation, The
percentages are determined as shown in table 98,

g Percent Percent
Period Nebraska Kansas Total
Compact Study 1930-1940 38.0 62.0 100,0
" L 1929-1947 38.7 6l1l.3 100,0
Basin Study  1930-1940 31.0 69.0 100.0
n n 1929-1947 32.0 68,0 100.0

In addition to being charged evaporation loss due to
irrigation, Nebraska was also charged the loss due to keeping
75,000 acre-feet of dead storage in Harlan County Reservoir.

7.. Exhibit 29 shows a comparison of the average annual
use of water on the Republican River and its tributaries by
states for the period 1930 through 1940 as determined in each
of the two studies. It is shown in this comparison of the
two studies for the 1930 through the 1940 period that the use
of water in the "Basin Study" does not exceed the use as
allocated under the Compact. In the "Compact Study" depletions
were made for approximately full compact allocations for
Colorado and Nebraska, and Kansas total use shown b the
"Basin Study" amounted to 67 percent of her allocations.
However; this does not represent the total water available
for use by Kansas, Computations to determine the total flow
of the Republican River crossing the Nebraska-Kansas state
line for the "Compact Study" are shown on table 99 and for
the "Basin Study," see table 100, An explanation of the com-
putations made to compute flow passing the state line in the
"Basin Study", table 100, follows. The same procedurec was
used to compute table 99, however, only a summary of the opera-
tion study for the compact conditions is included in this
report,

~Col. 1 indicates the year of study.
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~ Col, 2 lists the reservoir demands on Harlan County reser—

“voir for the 12,500 acres in Kansas above Lovewell as deter-

mined from data in table 93, The natural.flow listed in Col.
5, table 93, was used first to meet the demands in Nebraska
Col. 6 and 7, and if any was left, it was considered to meet
the Courtland above Lovewell demands - Col. 8, The demand
required for Courtland lands above Lovewell, Col. 8, not met
by natural flow is the demand on the reservoir listed in this
column.

Col. 3 is the reservoir demands on H:.rlan County for
lands below Lovewell, It is determined in Col. 23 of table 94,

Col. 4 is the reservoir demand for the Scandia Unit as
listed in Col. 26 of table 93.

Col. 5 is the natural flow crossing the state line and
used by the Courtland lands in Kansas above Lovewell. It is
the portion of Col. & of table 93 that is met by natural flow
and was computed by subtracting Col. 2 of this table from Col.
8 of table 93.

Col. 6 is the natural flow crossing the state line that
is used by Courtland lands below Lovewell. It is computed
from table 94 and is wqual to Col. 13 less any portion of Col.
13 indicated to spill by Col. 22,

Col. 7 is computed from table 93, It is the portion of
Col. 17 that could be used to meet demands for Scandia Col. 25,

Col. 8 is the demand on the reservoir for river loss as
listed in Col. 27 of table 93,

Col. 9 is from table 93, Col. 28.‘

Col. 10 is the spills from Harlan Count: diverted to Love-
well as determined in Col. 14 of table 9.

Col, 11 is the shortages to Kansas lands computed to be

' 62/90 of the shortage listed in Col. 11 of table 9k,

Col. 12 is the sum of Columns 1 through 10, less Col. 11.

Col. 13 is computed from table 93 data. It is Col. 21,
table 93 less Col. 7 above and less Cols. 26, 27, and 28 of
table 93. The result is corrected for shortages to Scandia.

T
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Col. 14 is the spills from Harlan County, table 94, Col. 10

less the portion diverted to Lovewell Col. 14.

Col. 15 is the sum of the above Col. 13 and Col. 14.
Col. 16 is the sum of the above Golumns 12, 13 and 14.

8, .The average annual use of water as shown by tributar-
ies and states for the periods of study, namely, 1929 through
1947, are presented in exhibit 30. A comparison of both studies
is shown on this exhibit, This comparison shows that the aver-
age annual use of water by states is less for the "Basin Study"
than used in the "Compact Study."

9. Tables 101 through 115 show the tabulation of the
average annual water use by states. The water use is deter-
mined for the various units along the tributaries and main
stem of the Hepublican River, The computations are listed for
both the "Compact Study" and the "Basin Study."

Summary and conclusions -- Storage reservoirs are required

on most of the main water producing tributaries as well as

on the main stem to utilize the maximum practical water resources
of the Republican River Zasin for irrigation development. sven
then our studies indicated that all of the water supply allocated
under the compact was not used. Our investigations and those

of other agencies have not disclosed a practical plan for devel-
opment which will use all water as allocated in the compact,

An investigation was made of present use areas, and for

scattered areas that were anticipated to be developed b:* private
enterprise. Depletions by anticipated stock pond development
were made. deservoir evaporation loss was accounted for,

Water supply operation studies were made to determine the
adequacy of the available water supply for all the irrigable

area found in each unit. Additional depletions for unidenti-
fied development were necessary in the "Compact Study" to

allow full compact depletions. &tven then the water supply was
adequate to serve the project areas without intolerable shortages,
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Table 1 . Canal Data and Arable Acreace in the Bostwick Division

gl . Acreage Basis Water Supply Study Plannad Development Total Probable Dow!'.c;agnt

L-;gth in  Headgate Capacity

Unit Canal Hiles inc.f.s, Mebrasks Kansas  Tots]  Nebraska  Karisaw " Total MNebraska Kensds“*™““Totay
Franklin - Red Cloud -
Franklin 54,0 230 15,410 o 14,410 11,987 o 11,987
Naponee 9.6 36 1,450 o 1,450 1,544 0 1,544
Franklin Pump L.9 L2 2,070 ] 2,070 2,07 "o 2,070
(Red Cloud Pump Arei) = - 280 0 0 [+] []
P i 18,250 0 18,250 15,601 0 - 15,601
Superior - Courtland
= Superior 33 139 6,790 [+] 6,750 6,069 0 6,069
I Courtland 16.1 751 2,960 [+] 2,980 2,573 [+] 2,573
=3 9,750 2] 9,750 8,642 0 . 8,642
Courtland v
Courtland above
Lovewell 18.3a/ 635 "] 1z,500 12,500 4] 13,200 13,200 o 13,200
Courtland below 3
- Lovewell £9.18/ 634 [s] 36,500 35,500 0 35,800 35,800 800 .
i [] 13,000 45,000 [1] 49,000 49,000 ] 49,000
Scandia 5 *
: Secandia - 19.3 230 ] 131,000 13,000 0 13,000 13,000 0 1
Total 2034 - 28,000 62,000 $0,000 24,243 62,000 86,243 28,000 62,000 50,000
a3/ Excludes North and Ridge Canals, 6.2 ard 6.0 miles 1onp resrectival y; = d Pumy Camel Moo 1, 5.0 miles long,
b/ Excludes White Rock Creek Canal (7.6 miles long)
and Miller Canal (8.4 miles lons), and Pump Carals Yes, 2, 31, wnd & (€1, 2.3, and 2,5 ='les lene, respectively).
Y
‘ |
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Tatcle 2

Storage allocetion 4xn Harlan Coumty and Lovewei_'l. Reservoirs - Content in acre-feet
HARAT CoL s B R T
. Inivial Conciticns 50 . Cerciviy: 1.C y=. Conditions
Use Flav. Sacdirent Water  Towal  Socdimert Fater Tytal Secirment

Inactive Sver. 1520.0 o] 97,200

37,250 22,200 78,000 73, 97,200

Water <= Totald

0 0

Irvigation ii8.9 & 0 252,500 352,500 77,000 175,00C 233,500 132,500 150,000 150,000
Flood Zontrel  1473.5 0 500,000 830,200 0 500,000 752,300 ] 0,000 650,000
TTonal - Y] ity DU G50, D —J, U0 T, 0 TS0, 000 Si0,000 Shu, 00 850, T0T
T &/ Top o. rrigatlion SooL 15 ob gLovation Llyh0.0 unuer Inltial go.iCiyvions; waer S Fe-r ancg 100 year con-
T dlzione the 5 : LOO’ is at glevaticn 17425 E0E 1337, 0 r',u'*cw_vel;:. Tne change in
Ciovrtion of : ngoessary voTmaingain 54;,,0_ acre-Zest for flooC control as
'2g =iy .
TN EWL RO5.R - P
Inttial Cooditic s S8 ST C- igitiung 122 ;=. Conditions
Ize icv.  Saeiment inier Tobel  Sefioent Sorel Sucimernt fiater Tetal
Ticac Stora e 15220 c & 200 20K 2,800 L@ 1,300 3,<00 G ¢
Izzcside Store 1971.7 0 15,000 13,800 L,090 13,00 12,000 9,330 5,700 5,700
Trriratior 180246 C £4,250  Lb,i30 1,200 2,200 15,700 2,500 22,300 28,000
Flezd Coutrel 17043 0 52,300  F,000 0 5,200 "-o,'SCO 0 50,c00 78,000
Mohal - |

7k, 00 G,000 85,00 5000

78,000
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- upstream basins otherwlse unallocated,

Allocations under Republican,River Compact of 1942, by
d .‘.: f :: ‘Jx, ‘.l J};I
Acre-feet i 4agﬂ@@
AVg. annual TFRE e
flow assumed © -+ Amount allocated ‘
ea in Compact Colo. Nebr, _Kana, Total
N. Fk, Republican R. u.h- 0, 11,000 31,000
Arikaree R. 19,610 15,L00 3,300 1,000 19,700
Buffalo Cr, 7,8%0 ; 2,600 2,600
Rock Cr, 11,000 / L, Loo L, 400
S. Fk. Republican R. 57,200 25,0100 8oo 23,000 49,200
Frenchman Cr, 98,5008/ All in Colo. 52,800 . 52,800
Red Willow Cr. (Colo,)d/ i All in Colo, s
Rep. R. & Tf}b. at Colo.-Nebr.87,700
5t. Line &
Blackwood Cr. 6,800 .
Driftwood Cr, 75 300 1,200 500  1,700.
Red Willow Cr, (Nebr,)d 21,900 1,200 ks, 200°
Medicine Cr, 50,800 L, 600 kL,600
Beaver Cr. 16,500 3,300 6,700 6,400 16,L00
Sappa Cr. 21,L00 & 8,600 8,800 17,600
Prairie Dog Cr. 27,600 i 2,100 12,600 1h,700
Rep- R‘ .-ti Hﬂbrq"xm'os/ f
St. Line 138,000 138,000
Additionalf/ s —— 132,000 132,000
_ =
Total 178,500 Sh,100 234,500 190,300 478,900

a/ Frenchman Creek (River) drainage basin in Nebraska.
B/ Red Willow Creek drainage basin in Colorado.
¢/ N. Fork of Republican River in Nebraska and main stem of the Republican
ver between the junctlon of the North Fork and the Arikarse River and the
lowest crossing of the river of the Nebraska-Kansas State Line and the small
Aributaries thereof.
d/ Red Willow Creek drainage basin in Nebraska.
e/ From the main stem of the Republican River upstroam from the lowest croap-
g of the river at the Nebraska-Kansas State Line and from water supplles of
Kansas shall have the'right to divert
all or any portion thereof at or near Guide Rock, Nebraska, In addition, the
entlre water supply originating in the Rasin downstream from this point 1is
allocated to Kansas,
f/ From the N. Fork of the Republican River in Nebraska, the main stem of
e Republican River between the junction of the North Fork and Arikares
River and the lowest crossing of the river at the Nebraska-Kansas State Line,
from the small tributaries thereof, and from water supplies of upatream basins
otherwise unallocated herein,

NOTE: Bhould the future computed virgin water supply of any source vary more
than 10 percent from the virgin water supply herain set forth, the allocatlons
hereinafter made from such source shall be increased or dacreased in the rela=
tlve proportions that the futuro computed virgin water supply of such source .
‘bears to the computed virgin water supply used herein., Such action requires
unanimous action of officials representing the three states. - )

=
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Table # . Clabms and Applications for Water Rights in Harlan Co. Reserveir Area ¥y

Locaticn of
Appropriator Provisiomal Diversion Document or
Source or Operater Post Office Carrier Use Grant Sec. T H County Date Priority  Applic. No.
Cook Creek Haskell, John G. et al, Alma Cook Cr. Janal Irrig. 0.57 efs 33-2-18 Harlan July 21, 1917 191
Flag Cresk Kerr, Robert H. Alma Pusp Irrig. 0.32 27-0-19 Harlan Apr. 19, 19.3 3607
Plag Creek Davis, Jehn E. orl Puzmp L4 Irrig. 0.22 21-2-17 Harlan Apr. 12, 194k arn2
Plag Creek Landgreen, Nra. Alma  Crlean Pump Irrig. (115 ] 22-2-17 Harlan July 5, 19L4 By
Milrose Creek  Kerr, Robert H. Alza Puzp Irrig. 0.7k B-2-19 Harlan June 1L, 1543 3621
Prairle Dog Cr. Foese, C. A. Alma Pump No. 1 Irrige 0.69 2l=1=16 Harlan  Aug. 2, 1537 278
Prairie Dog Cr. Feese, C. A. Alsa Pump No. 2 Irrig. 0.l 25-1-18 Harlan Aug, "2, 1937 2768
frairie Dog Cr. Seyler, Lew Al=a Pump Irrig. 0.50 33-1-13 Harlan Sept 13, 1937 2785
Prairie Dog Cr. Stolts, Carrol Republican City Pump Irrig. 0.39 2=1-18 Harlsn Aug. 2, 1935 2915
Rrairie Mog Cr. ~ Als=a Purg Irrig. 0.29 32-1-13 Harlan Avg. 7, 1939 2943 -
Prairie Doz Cr. MNeCleery, Winifred W, Al=a Pump . Irrig. 0.4l 31-1-18 Harlan Nov. &, 1939 Joio
Pralrie Doz Cr. Lethea, John R. Republigan clty Pump Irrig. 0.33 2l~1-18 Harlan Dec. 12, 1939 3o0ké
Prairie Doz Cr. Kauk, Wa. Alxa Pump Irrig. 0.1% 28-1-13 Harlan Jam. 19, 1940 3078
Frairle Doz Cr. Stone, Earl D. Republican City Pumpa Irrig. 0.58 23~1-18 Harlan Mar. L, 1940 3103
Prairie Dog Cr. Thompson, Nayua Alea Pumps Irrig. 0.31 3k-1-18 Harlan Mar. L, 1540 3104
Prairie Dog Cr. (Beyer, Freda ) Alfna Pump Irrig. 0.25 23-1-10 Harlan Sept 5, 190 3256
(Walds, Cartha) Republlcan Clty .
Frairie Dog nr., Miller, Jlen Woodruff, Kansas Fump Irrig. 0.93 35=1-1% Harlan Oect. 11, 13L0 jagz
Prairie Dog Cr. Stene, James S, Alza : Pump Irrig. 0,43 33-1-18 Harlan Nov. 20, 19LD 4 3334
Prairie Doz Cr. King, Loulse et 2l Kearnoy Punp Irrig. 0.8k 19-1-17 Harlan Mar, 6, 191 31
Prairie Dog Tric Xauk, Fred Alza Pump Irrig. 0.22 29=1-18 Harlan Dec. 12, 1939 3047
Republican River Kirtland, E. 5. Urleans Orleans ¥11l Powar 27-2-1% Harlan 1043
Republican River Fishbach, Oeorge Longmont, Colo. . Pump Irrig. 1.58 33-2-1% Harlan Aug. 27, 1925 1776
Republican River Stevenson, L.E. “st Alza Pump Irrig. 6.34 S-1-19 Harlan Sept 30} 1925 1781
Republican River Haeker, K. G. Aloa Puzp Irrig. L.A2 J5-2-19 Harlan Mar, 2, 1926 . 1798
Ropublican River Pischbach, George Orleans Punp Irrig. 33-2-19 Harlan Peb, 15, 1933 2304
Republican River Uplinger, Mabel E. Kearney Uplinger Cansl Irrig. 0.75 11-1-17 Harlan Nov. 15, 193% * 3019
Republican River Sindt, John Reputlican City Pump Irrig. 12-1-15 Harlan 16, 1943
Repub. River Trib Hasker, Robert @Orleans Haoker Raservelr Storage 105 4. P 2-1-19 Harlan Aug. 30, 15L& 3950
Rope Creek Bortfield, Fred E. Orleans Pump Irrig. 0,32 25-2-19 Harlan Dec. 19, 1540 3357
Republican River Weidel, Albert E, Orlsans Weidel Pump Irrig. 1.94 19-2-1% Harlan Nov. 3O, 1948 L3a7
Republican River Hergott, Francis Orleans Hergott Pump Irrig. 0.81 18-2-19 Harlan Jan, 13, 19h9 Lh2x
Prairie Dog Cr. Miller, Glen Woodruff, Kansas Miller Pump Irrig. 0.23 35-1-19 Harlan Feb, 11, 1349 L3
Sappe Creek Pape, Frank Orleans Paps Pumn Irrige 1.0 29-2-1% Harlan Feb. 17, 1949 L3
Total (Irrig.) 25.72
1/ Includes all claims and applications net cancelled, Also includes applications which have not been approved.
Ll . a5 | 4
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Table _£ . Claizs and Applications for water rights an Republican River, main stes below Harlan County Dam y‘

Apprepriator Provisienal - Fpec. or
or Cperator Post Office . Carrier Uae .. .QOrant c.f.s. Location. . - Date Priority .-Applic. |
el N : T . e
T A . Consumers Public Power Dist, Coluxbus _Ourthrie Canal - Fower kno.oo 3bk=1- T Nuckolls Sept.
Worden, Dorsey Superior | Pump Irrig. 1.0k 32-1- & Nockolls Sept. Z 1
Keifer, J. Warrea Jr. Soatwick Keifer Canal-f1 Irrig. 9.83 21-1- B Wuckoella Sept. 22, 1930 .2167
Mendell, B. C. Superior Mendell Canal Irrig. 2.61 35-1- T Huckolls Sept. 7, 15322283
Arnesen, F. L. Red Cloud Pumps Trrig. 0.23 E;l-lz Webster Apr. 17, 1933‘-?_‘113
P . . : 1-12 T
NS Rep. Riv. P. P. and Irrig. Dist. Bostwick . Rep. Riv. Canal f1 Irrig. 11-1-17 Rarlan Feb. 1, l?JTQggl
¥ e Rep. Riv. P. P, and Irrig. Dist." Bostwick Rep. Riv. Canal #2 Irrig. " . 5-1-13 Franklin Feb. 1, 1937 5 1
i ‘Rep. Riv. P. P. and Irrig. Dist.  Bostrick { Rep. Biv. Canal §3 Irrig. 8-1- 9 Webster Feb. 1, 1937732891
g Eep. Riv, P. P. and Irrig. Dist.  Bostmick | Rep. City Res. Storage 1L=1-17 Farlan Feb. 1, 1937 22652
Kiebl, W, C. Bst. Ouide Rock | Pump. Irrig. 0.26 9=1- 9 Webster ¥y 2, 1939 72919
E . Mendall, B. C. 4 Superior i Mendell Canal Irrig. _0.07: 35-1= 7 Muckolls July - 13, 1939 w293k
R Dumn apd Chasbers Inavale | Pep Irrig. - 0.36 1-1-16 Franklin  Jan. 19, 1910 13099
e i Kahrs and Lieneman Franilin | Puzp Irrig. 0.78 7-1-15 Franklin Jan. 22, 19l0 3081
Mertin, Merris 0., Et al Aastinks | Pump Irrig. * 0.18 8-1-11 Webster Mar. 13, 190 3116
Houchin, George Red Cloud | Pusp Irrig. 0,07 15-1- 9 Webster dpr. 5, 19L0 3131
i Howell, Charles Aloowingten | Pusp Irrig. 0.75 10-1-16 Pranklin Apr. 15, 19L0 ,313L
Meyer, Ernst Superior | Pusp Irrig. 0.87 3l-1- 7 Nuekolls Ang. 26, 15l0 32L0
Y 5 Amack, George Red Cloud + Purp Irrig. . 0.19 7-1-10 Webster dug. 28, 190 32lL
- Bach, W. J. ° Riverten + Puzp Irrig. 0.47 3-1-1L Franklin Jan. 22, 1941 3375
(2% Auld, Jessica C. Palo Alto " Pump Irrig. 1.3 S-1-11 Webster  Aug. 31, 1540 J2L8
Bach, Wrs. Theo Riverton i Puzp Irrig. 0.50 3=1-1L Franiklin reb. &, 1910 328}
Butler, Flayd R. Superior | Pozp Irrig. 0.59 3b=1- 7 Nuckolls Sept. 3, 19l0 3252
Butler, Floyd R. Superior : Pusp Irrig. 0.03 3b=1- 7 Nuckolls May 9, 1911 3Lb3
Keifer, Oowin Sostwick | Eeifer Canal #1 Irrig. 2,08 21-1- 8 Kuckolls Jan. 27, 1942 3547
Arneson, F. L. Red Cloud i Yalley Grove Cazal Irrig. 0.25 5-1-12 Webster Mar. 11, 1542 3558
Myers, H. Leslie Superior | Puxp Irrig. 0.31 3l=1~ 7 Muckolls Apr. 11, 19L7 LOSS
Ohzstede, Cerhard Oulde Rock | Puzp Irrig. 0.3 10-1= § Webster June 13, 1947 LoBo
Nebraska Cement Co. Superior ! Pump ufg. 11.50 27-1- 7 Nuckolls Sept. 10, 1947 Lio9
Jackson, Marvin W. Napones ! Pusp Irrig. 0.7k 11-1-16 Franklin ¥ev. S, 1947 l1ko
Crozier, Walter Guide Rock Pump Irrig. 0.15 1-1- § Webster Nov. 1h, 1947 M1l3
it U.S. of America ~denver | Harlan Co. Res. Storage 350,000 A.F. 2-1-17 Harlan Jan. 26, 15L8 lagso
o Harris, Lyle A. Denver . Pump Trrig. 1.02 10-1-10 Webster Peb. 7, 1948 L2oS
: Hestwick Trrig. Dist. Red Cloud Franklin Canal Trrig. 11-1-17 .Harlan Feb. 26, 19L% L216
Bostwick Irrig, Dist. Red Cloud Napones Canal Irrig, 1k-1-17 Harlan Feb. 26, 1948 L217
Bostwick Irrig. Diast. Red Cloud Red Cloud #1 Pump Canal Irrig. ~12 Webater Feb. 26, 1946 L218
Bostwick Irrig. Dist. Red Cloud Red Cleud #2 Puzp Canal Irrig. 2-1-12 Webster Peb. 26, 1948 L219
Bostwick Irrig. Dist. Red Cloud Red Cloud #3 Pusp Canal Irrig. 8-1-11 Webster Feb. 26, 19L8 k220 °
Bostwick Irrig. Dist. Red Cloud Superior Canal I:Tig. . 1-1- 9 Webster Peb. 26, 19L8 L221
Bostwick Irrig. Dist. Hed Cloud Courtland Canal Irrig. T=1- 9 Webster Pob. 26, 19L8 L222
Bostwick Irrig. Dist. Fed Cloud Franklin Canmal Irrig. 5-1- L Franklin Feb. 28, 1948 L227
Thoapson and Johnston theide Eock Pump 1 Irrdg™ 18-1- 8 Nuekolls
Orant, Ray Hapenes ! Pump Irrig. 16-1-16 Franklin
Thompson and Johnston Gulde Rock i Pump 18-1-18 Nuckells

: Irrig. 2.1

o i Total Irrig  39.1L

3 : 3/ Includes all claims and applications not cmealiod- uso.!nelma spplications which have not been approved.
3 1
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Table 6. Mirterizal Records of Stream Flow ab Streaz-gazine Stations used .ln Water 5"['491}' Studl.es for Boat-!.dr mmim. X

Contritutine

- e Averace l.nnml_ﬁlrstorim T o !_‘ L
i, ¥ ter e L0 e e T =i - Dralhage Area Flow Aere-Feet o= =
P O Statfen . - - ) in. Period of Study k
* = Humber Stream Station Square Miles Includine E:tlrﬂ‘ﬂs Records Paricd of Fecard |
- 1. Eepublican Kiver Near Blocminzten, Nebrasla 14,405 521,800 © . ..E21,800 Apr. 13, 1929 - Nov. 1s 1938
" ‘ Bov, 19, 1938 Prel
=y 2. FRepublicen Piver Near Hardy, Nebraska 15,53 581,30 605,200 Vay 19, 1932 - -?nsnpt
: e o 3. Hepublican River st Seandia, Xansas 16,096 €64,000° 608,600 Aug. 27, 1919 - July'2, 1625
Pt ) - . Coim Aug. 1.6. 1928 - Sept. 3.0. 1935
s p : . _Oet. 1,71935 - Sert. 30, 1944
. 4. Republican River At Clay Center, Yansas 17,684 804,000 .918,100 Aug. 1, 1904 - Dec. 21, 1911 g/
= & s = : i ' Feb. 17, 1912 - Oet. 31, 1917 a/
. * . ' Seh. 8, 193 - June 2, 1935
A o 3, 1935 - May 6, 1935
Mey 7, 1935 - Present
e e 5. . Solomop River At Beloit, Xansas 5,430 245,900 268,200 Aer.22, 1895 - June 30, 1697
- - : e Jen. 3. 1905 - A-r. B, 1918
= B (. - Apr. 9, 1912 - July 31, 1919 a/
. . a7 . Apr. i, 1929 - Mar. 18, 1930
I R IV Var. 19, 1920 - Present
; o] "6. White Rock Creek Near Lovewoll, Fansas "y 17,7m 7,650 ¥ay 21, 1946 - Sept. 12, 1947
' 4 Sent. 13, 1947 - Present
% = i a/ Records of gdve hetshts only.
1/ Type'of Cage 2/ Source of Data
Penie + €~ Chatn A = U. 5. Geelosical Survey (Mmiblished )
- 5 = Staff B - Nebrasia Depariment of Roads mnd Irrimtion, Biennial Report
W - Wire Woight C = Bureau of Agricultural Economice Fecort, June 1941
B - Recorder D - U, 5. Geological Survey, Water Supply Papers
E

L

- Division of Water Resources (Kansas)
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Table 7" Historical flow of Repub!icannﬂivar near Bloomingten, ‘Nebraska 1/

I T T

(Unit - 1000 acre-feet]

Yeer : Det. : Nov. : Dec. : Jan. : Feb. : lMer. : Apr. : MNev : June : July : Aug. : : Totel
- H - H : - H 4 . : : H 3850
1925 : 22.9 1 22.0 : 23.4 : 18,5 ¢ 13.77: 58,5 : 46,3 : 56.7 : 109.0 : 70.1 : 12.0 ; 'B.6 1 462.7
1¢30 : 1€.6 23.92 ¢+ 24.% 21.4 : 25,6 : 30,4 . 48,7 : E4.8 : 136.0 : 28,6 : 31.B : 463 5}5.8
1931 : 99.0 : 53.9 : 38,3 : 34.1 : 40.8 : 45,9 : 55,2 : 41.8 . 41,2 . 8,8 : 25.0 : 4.6 : 489.4
1932 + 450 : 12.4 : 11,9 : 14,8 : 55,3 : 42.9 ; 29,8 : 27.1 : 68,2 18.0 : 26,9 : 19,2 : 3€1.2
1933 5.3 : 8.6 : 21.,§f : 26,1 : 20.9 : 32,6 : 66.6 : T2.6 : 12.5 8.4 : 4G.6 : 93,4 : 4198.3
1934 : 19.6 : 2C.2 : 35.4 : 31.4 : 25.5 : 34.4 : 26.3 E.C : 6T.&4 : 5.3 : 2.7 : 24.2 : 302,0
1935 5.2 : 11.8 : 15,1 : 26.4 : 22.7 : 28.B : 27.5 ; 121.% : 555.°8 49.4 : 65,2 ; 71,3 . 1002.,%
: : : : : : : : : : : : I
183€ :- 18,5 : 25.8 : 25.1 : 19.9 : 14,3 : 45.7 : 25.E : 140.5 : 51.7 346 1.7 : 7.2 3 3EB0.3
1937 : 2.5 : 12.1 : 17.9 : §.0 : 34.7 : 34.8 : 20.9 : 24.3 : 100.° 33.0 ¢+ 4B.1 : 25.7 2 363.¢
1938 : 7.0 : 12.1 : 1la.1 : 25,8 : 23.8 : 31.5 : 36.7 : 72.4 : E3.1 68,6 : 38.1 : 40,7 : 443.¢
1239 : 6.3_: 9.7 : 17.0 17.¢ ¢ 18,1 : 35.5 ; 35,7 : 3S.7 : 108.8 : ~33.4 : 22,7 : 0,0 «+ 342Z.E
194G 0.8 : 4,2 :« 12,0 : 8.1 : 1&.4 : 3S.4 : 23,8 : 21,1 : T0.T 42.0 : 24,1 : 21.4 : 283.2
: : : : : : : : : : : B
1€41 ¢« 1.2 : 11.8 : 15,8 : 22.8 : 32.1 : 33,1 : 43,8 : 61.0 : 258.2 : 149,686 : TB.4 : ©7.7L: B23.F
1942 ¢ 38.2 : 28.4 : 26,3 : 23.2 : 34,5 : BE.0 : 87.5 : 86,2 : 160.8 41.0 ; BC.1 ¢+ EC.4 : T15.2
1943 ¢« 26.7 :+ 2.7 : Z2.3 : 21,3 ; 35.8 : 36.6 : 58.1 : 23.3 : €7.0 14.1 3.2 1 8.4 1 355.4
lo44 . 1.3 : 8.5 ¢ 11.8 : 18,8 : 31.C : 3€&,7 :115.1 ;: E€S.1 ; 121,1 : 189.2 : 64.0 ; 11.3 ; £89.8
1645 + 12.5 : 2C.0 : 24,4 . 25,0 : 31.7 : 28.9 : 37.8 €.4 : 187.2 : 49.1 1 19.7 : 14.B : 471.F
: : : : : : : : : : : : :
1246 : 1€.1 : 17.2 : 11,2 : 21,6 + 30.4 : 35.4 : 2C.6 : 48.0 : 35.9 B5.2 : 17.92 : 50,3 : 392.t
1947 : 281,32 €0.1 : 41.€ : 25,84 1+ 23,1 : 56.6 : 42.2 : 45,8 : 396.7 = 8led 1 15,8 7.4 : 1087 .4
Av. : t : : : : : : : T : P
1525-47: 31.% : 20.8 : 22.1 : 21,9 : 28.2 : 40.1 : 44,7 : 56.8 : 1398.2 : 50,0 : 32,0 :° 33,3 ; 521.€

1/ Octcber 1928 through April 1929 estimated to be 87.7 percent pof annnnl flow at Hardy, Nebraska based upon
relationships of annual historical flow records. May 192? through Sept. 1947 are historical records. -’

=
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Table 9 Histerical flow of the Republican River at Scandia, Kansas. 1/

(Unit = 1000 acre-feet)

ot

Year : Oct. @ Nov. : Dec. : Jan, : Feb. : Mar. : Apr. : May : June : July : Aug..: Sept. -2
1929 : 28.h : 27.3 : 29.0 : 22,9 : 17.0 : 73.8 : 57.Lh : L49.7 : 123.0 : L6.L : 16.2 9.8 : 500.9
1930 : 18.7 ¢ 23.2 : 26.1 :15.3 s 37.3 ¢ 29.8 : Lh.7 :130.0 : 136.0 : 21.1 : 29.8 50.9 : '562.5
1931 : 9Le5 : Sh.6 5 37.7 : 37.9 : LOL : L42.7 :53.8 :81.7: L9.3': 13.7 : 32.2 7.3 : 5L5.8
1932 ¢ 9.0 : 15,1 : 24.9 : 22.6 :108.0 : 62.0 : 32.8 : 33.9 : 121.0 : 2L.2 : 36.3 26.1 : 515.9
1933 : 10.L : 12.0 : 16.9 = 26.1 : 2L.8 : 38.0 : 75.5 : 87.9 : 18.5 : 20.1 : 5L.7 106.C : L90.%
1934 : 18.7 : 18.9 : 33.5 : 33.8 : 27.8 : L3.8 : 33.1 : 13.6 : 63.1 : 8.4 : 1.2 19.7 : 315.6
1935 ¢ 6.5 : 15.2 & 15.L : 19.2 : 32.C ¢ 3L.1 & 29.8 :1L6.8 : 666.5 : 66.1 : T73.1 109.6 : 121L.2
1936 : 28.7 : 26.3 : 3L.7 19,4 : 4.7 : L9.8 : 36.5 :134.3 : 68.2 : 9.3 : 1.5 10.2 : L33.6
1937 ¢ 3.7 : 11.6 : 19.9 = 11l.h : Lk.3 ¢ L7.0 : 27.2 : 28.8 : 112.7 : 58.1 ¢ LL.5 :  27.1 : L36.3
1938 : 8.8 : 11.2 : 1hol : 25,1 : 22,7 : 364 i 33.L :93.0: 106k : 59.1 : 58.5 : 59.9 ' 528.%
1939 ¢ 9.5 & 10.4 : 16.2 : 22,6 : 15.0 : L3.§ : L3.6 : L2.§ : 159.0 : 5L.€& : 31.7 ¢ 1.8 : Us1.2
19ko = 1.2 : 3.8 : 8.0 : 6.3 :10.C : Lh.7 : 24.7 :32.9 : B0.8: 37.8 : 35.2 : 13.3 : 298.7
1941 ¢ 16.9 : 15.7 : 18.9 : 2Lk.0 & 31.b4 : 35.2 : 56.2 : 78.5 : LSL.6 : 131.6 : 80.5 110.5 : 105L.C
19L2 : 6L.0 : LL.5 : 35.2 1 38.0 : S1l.L : 80.8 :105.5 : 83.C : 2h3.L : 62.0 : 94.5 ¢+ 15L.3 : 1056.6
1943 : 35.5 : 3L.5 :33.8 : 304 :S4.3 :39.L :96.9 : 31.3 : 186.L : 2B8.5 : 6.5 6.6 : 56L.1
oLl ¢+ 2.6 : 8.2 : 12.8 : 20.8 : 30.0 : 9.6 :107.6 :138.9 : 156.6 : 195.1 :137.2 : 33.8 : 893.2
1945 ¢ 17.2 : 23.5 : 23.9 : 3k.5 : 39.1 : L3.L : 75.1 :2L5.5 : 179.5 : 139.L : 31.5 t 12,1 : 86L.7
H : H H : H 3 H H H $ 4 :

1946 : 23.2 : 18,9 : 14.0 : 25.7 ¢ 38.2 : 406 : 26.7 : 38.1 : 66.0 : 129.1 : 29.§ : 115.1 565.5
1547 :261.L : 96.L : 56.6 : L1.9 : 33.7 : 63.0 1t B9.9 : 67.6 =;0.5 : 10L.7 ¢ 27.5 : 1C.6 : 1303.8
: : : : 3 : v d{ff"{ gl LoXba : : : :

-

Av. 3.7 AFE  PHE 232 Fof FTRA L£53 £20 18] 43e 3R F6. & LeFC

1/ October 1928 through September 19LL are historical records. October 19LL through September 1947 estimated
as 1935-1943 monthly percentage of pickup, Hardy to Clay Center occurring above Scandia, plus run-off
at Hardy. : =
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upon historical records at Scandia and estimated

Accretions between Hardy and Scandia goincide with accretions

- 19bk through September 19L7 accretions are based upon historical records ab ..
between Republic Diversion Dam and the Scandia Diversion Dam.

gh September 194k accretions are based upon concurrent records of flow at Hardy and .
Oct
Hardy and estimated records at Scandia.

Scandia. Oct 1928 through May 1932 accretions are based

1/ June 1932 throu
flows at Hardy.
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Table //. Ristorical accretion of Republican River between Hardy, Nebraska and Clay Center, Kansas. y
5 {Unit - 1,000 acre-feet) :
Year : Oct. : Nov. : Dec. : Jan. : Feb. : Mar. : Apr. : May : June : Juli_: Aug. : Sept. ;-
: : : 3 ] g b s : F : g 1 D
1929 ¢ 3.7 ¢ 3.6 : 3.6 + 2,7 + 2,1 : 13.1: 9.7: : : : :
1930 : : . H : : s t & : : g
5 i : s $ s 5 $ ! 3
1931 : 5 g $ H : : : : i
1932 : : : 3 s 2 : 2 :
1933 = $ 4 : : : : : :
1934 : : : : p 24l 0.3 : 1.4 : 1L.3 -9.7: 5.2 1:-1,0 : =5.0 :
1935 : -1.0 : -2.7 : -1.7 : -2.8 : -C.1 -C.B : -0.2 :22.2: 55.1: 33.0: 5.6 :105.6 t 212.2
3 3 i : : : : : : : t
1936 : 29.6 H 1905 H 1?-1 : 6;8 3&8 : 16-1 H 1.2 3 19.6 6-1 : 601 : 1-5 H 0.6 : 128.1
1937 ¢ 3.3 1 -0.7 ¢ 0.9 2.k 11,9 ¢ 20.0: 6.6 : 1.7 : 2L.3 2b.5 : 5.3 : 0.9 3 10L.1
1938 ¢+ 0.5 : 0.1 : -0.2 =2.8 -0.9 ¢ 2.9 : 0.3 :60.9: 106.1 16,1 : 21.1 : 3.0 : 207.6
1939 ¢ 3.6 : 0.7 : O 6.2 : 0.9 : 1.3 : 15,4 : L.3: 30.1 11.6 : 8.9 2.0 : 9L.6
190 ¢+ 1.1 : -0.9 : =-0.5 : -0.8 : =0.2 : LT @ 3.0: 3.7 s 2,1 ¢ -14.3 : 14.5 6.8 : 16.2
: $ : : z : : : : : 5 3 :
1941 ¢+ 1.7 : =1.7 : =0.3 s+ -L.,3 :-0.h : 21.7: L.1: 5.9 :152,7: 2L.0 : 39.h : 38.2 : 261.0
qok2 :150.9 : 32.L : 22.9 & 16.3 : 10.2 : 19.0 : -10.6 : 21.1 : B88.8 : 30.8 : 23.L : 73.L ¢ L78.6
1943 : 10.8 : 5.1 3.7 = 3.8 = 3.7 5.1 ¢ 19.3 : 35.3 @ 248.7 ¢ 21.9 : 10.L 1.5 : 379.0
194 ¢ 3.5 : =0.,3 : 1.2 :-2.0 : 0.5 : 5,1 : 3L.6: 79.3 L2.3 = 22.7 :113.6 : L7.5 : 3L8.1
95 ¢+ 8.7 ¢ 5.3 : Lk ot 1.9 : 9.9 : 24,0 : 81.7 :360.8 7h.1l : 155.6 : 19.5 : 9.3 ¢ 755.2
L6 ¢ 7.9 ¢ LB ¢ Ll ¢ 1.5 i -0k ¢ B.5: T3 : -2.1 ¢ 249 : 106.7 : 13.9% ¢ 95.2 : 269.3
1947 : 23.3 : 5L.7 9.2 :12,1 : 6.1 : 1k.2 : 1lh.k : 30.0 : 215.0 ¢ L5.7 : 11.9 : 5.7 : 5L2.3
: : : : : : ) 3 3 : £
1235-47 - w
Av. 187 y.e +. I + L L7 2.3 f3.4  £25 373 222 32.£ 29/-5
1/ October 1928 through April 1929 determined from the estimated Scandia flows less the historical records )":
- at Hardy. February 193l through September 1947 determined from historical records at Hardy and by
Clay Center. B
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Table /2 Historical flow pr;Hépub;ic;n River at Clay Center, Kansas. .1/°
. il o __ (Unit - 1000 zcre-feet)

Year : Oct. : Nov. : Dec. : Jan, : FPeb. : Mar. : Apr. i Nay : June : July : Aug. ;

5 s t s Y H 3 % 5 : H : :”@:‘d@
1928 : 26,8 : 28,7 : 30.3 : 23.8 : 17,7 : 8l.0 : 62,5 : 53.3 : 13%.0 : E0.0 : 17.0 : 10.7 -1 L4338
1030 : 1€.4 : 24.3 : 27.2 : 16,0 : 39,8 : 31,0 : 48,0 . 147.5 : 154.5 ; 22,0 : 31.0 : 55.0 s 107

: : - ¢ : : H § H 5 : : s AR
1631 : 105.C :.59.5 : 30.8 : 40.0 : 48.2 : 46.0 : 58.0 : ©90.5 : 58.2 : 14.4 : 34.2 : 8.3 : 58231
1932 : 10.0 : 15.¢ : 25.9 : 23.4 : 121.0 : 67.5 : 34.8 : 35.9 : 137.8 : 25.2 : 3B.6 : 27.2 :° 56279
1633 : 11.3 : 12.¢ : 17.6 : 27.2 ; 25.8 : 40,2 : 83.0 : S7.0 : "16.2 : 21,0 : &S.8 : 119.0 $84.0
1934 : 1¢.4 : 1€.6 : ZE,5 : 35.8 : 26,3 : 38.6 : 30.8 : 27.1 : 5€.6 ; 12.0 0.1 : 14.0 : 312.1
1635 = 4.8 2 11.8 : 123.8 & 16,4 : 20.% : 31.4 ; 30.€ : 133.3 : §73.3 : $6.2 : £0.2 ; 206.8 : 333ies—

s £ : 3 : - : : : : : : : S
16268 : 5.2 : 4€.6 : 4E.8 ; 28,7 : 1B8.8 : €1.1 : 34,6 ; 142.8 : 7E.8 : 13.4 ; 3,6 : 10.5 : 538.7
1937 7.0 3 10.2“: 1€.5 : 12.4 : 50.8 ; 62.8 : 30.0 : 27.2 : 127.8 : 7,0 : 52.3 : 28,5 : 508.7
1638 2,0 3+ £,1 12.8 ¢ 22,7 ¢ 24,4 : 3.6 : ZT.0 : 180.6 : 206.,3 : 72,2 : 72.1 : 52.9 : T04,.4
1€3¢ ¢+ 11,2 : 11.7 : 18,7 : 23,7 : 16,1 : 52,3 : 68.1 : 42,0 : 160,° : 54,4 : 35,1 . 3.8 1 8502.1
1540 : 2.3 ¢+ 3.2 3 7.7 s 5.5 : 11,6 : 48,1 : 25,1 : 34,2 : 79,4 : 23,8 : 47.% 1.0 ; 313.4
1961 : 1.5 1 13.8 : 16.2 : 22.8 : 33.4 : 36.2 : 52.2 : 70.8 ; 476.6 : 1£3.0 ; 105.4 : 132.0 s 1116.6
1642 : 167.4 : €6.5 : 83,3 : 43.9 : 54,1 : S1.8 :101.5 . 100.4 : 302.4 : E4,2 : ©5.S : 180.2 +138L.€
1943 : 41,8 : 38.6 : 34.0 : 32.2 : €5.1 : 44.2 :104.8 ; 62.8 ; 354.8 ; 45.6 : 15.% : .1 : - B4G.E
1944 ' €.1 8.7 ; 18.2 ; 1.8 : 29.7 : 52,1 :138.8 ; 196.2 : 177.4 : 215.5 : 211.2 ; 71.2 g 1142.°
1045 1 24.6 : 27,4 : 26.6 : 35.2 : 46,4 : 80.€ :1Z3.1 : 440.8 : 21C.¢ : 246.1 3 43,5 : 1§.7 : 1323.0

H 2 : H H : : H H : : H H
1945 : 2G.9 : 22.4 : 14,7 : 2¢,2 ¢ 37.9 : 48,7 : 31.2 : 37.0 : 72,6 : 202.4 : 38.4 ; 182.,7 . T749.8
1¢47 . 281.2 :135,8 . 62.3 ; 46,1 . 38,2 . 73,2 :171;} ; EB3.8 . 567.7 , 136.0 , 34.8 , 14,6 , 1645,5
Av., : : : R Tt : : ) : :

192647: 46.4 : 29.9 : 27.1 : 26.2 : 38.6 : 52.9 : 67.C : 104,1 : 214.3 : ©€2,0 : 53.4 : 62.1

804.0

%J/ October 1£28 through January 134 based ;on correletion with Scendie, Kensas. Lemaining values ere
recordse. " (N
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Historical flow of White Rock Creek at Lovewsll Dam Site near Lovewell, Kansas, 1/

Table /3.
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Oct. 1928 through APril 192y and Febr.l73L througn N

on Republican River between Hardy and Clay Center.

relation with Solomon-River at Beloit,
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&. 0 LD

F. 6

_19.0
3y L9046 based on correlation with pickup . -

May 1929 through Jan. 193k based on cor-

June 1946 through Sept. 1949 are records,

1/

i D A

KS002036




R

98

KS002037




Table 1l
. -
o ;
S 7,
T o i
LT e
F=
oy iy fay
. . o L
r— M ’
0 Fry w
~ o
au Waiak <
29 N ¢
T [~— ﬁ n
(Y]
s 1 o
Doy o Uil
o oa far
— - i ;
- b= i =
.I.— - a ws s .M“
@ W ﬁu.lu-— Yy £
“ m ~ Cy __.H,.. 1]
Mm_. Y LD -4
-
= o 46 wlhs -
o o~
R o <l §
R B 8 ™ B
oy
M NN s
M." . Gy fry @
= m | 9 - - o
a hﬂ Mmooy Nc.. ]
) b g - ;
sl . Sl =
2
} m — . | (s}
o u MO MNMENWVMO MEOWe JMATeN~ F0 vy =
. . 4 A b » Bl W s
0 — o s
m ol A 0 VOVNNDO mdmm o wnanan Sw.. rv h
@
_ g 4l .- ; . - . n
—m S -ﬂu.‘ nnwnDa 5{0.260} /.Doa.r_)sl..u ﬁw38n./...4> ad s - o
- - - - - - - L . - . - - -
Fxy VW W-aoNn O ~onr OO =M AN 2
L] ~ — =
m e . . . . ws  %s sE we @ T T T o
& gl 2w S~2ve oo moamo @o Hhi B
- - . - - - . ~ n
W Lo VM OO O ~ADO 1B|u25 o~ 'y .m..
Lo * O m N 0O o - =~ o~ O ot oS0 =0 ™ oy
— 2|l S\ A HNO MmAANOS HowMaw NO w &
o m ~ —~ b1
o —~
'n snf]ae . " a8 ws ww - . ‘ =1
' .w . 0 O M~ D~ = Mo OO OV M unun Mmoot t~oy o _m.
- -3 s o * & = - = ® - "« & e @ - - =
[ olf] vov MMinHAHO g4 H0O0 oA oM ™~
m = L - o~ = 1 -
. 5 o an - %m
. . Wt~ SN H-2 ini~O0 o M MO o N Q o
] +2 . & . 5 & % = a = . . 8 = ® - = . —
; ~ 8|l W gowHo ~maHO Hun~on qw g ~
; A ~ o o~ o " S
e - e e ww manHn
~ u o O HauMmgn Vr~a 0O oy MLty WO~ =
0 N A AT DA A A T A T e B aa e T S . Rt B . N (e .
[ © AN NNy ONOONOWON ONOANOANTAOh OhOh = S
=] b N o HAAAAA A A AA A A < |

99

'KS002038



100

KS002039




10T

" LN
L P .
Table /4 Historical flow of Republican River at Harlan Co:nty Dam 2 ¥
(Unit — 1000 acre-feet) ] '

Jear : Oct. : Nov. : Dec. : Jan, : Feb. : Mar. : Apr.: MNay : June : July : Aug. : Sept. : Total

T T . i T T H H T : T T e T =
1929 : 22.h ¢ 21.6 : 22.9 : 18.1 : 13.4 : 58.3 : US.L: 55.6 : 106.8 : 68.6 : 11.8 : 8.4 : UL53.3
1930 : 16.3 : 23.h: 24.0: 21.0: 25.3: 29.8 : L7.7: 83,1 : 133.2 ¢ 26.1 : 31.2 : LS.k : 506.5
1931 : 97.0 52.8 : 37.5: 33.L: L0.0 : U5.0 ; Sh.z; bl.c ; Lc.4 ; 9.3 ; 2L.5 ; 4.5 ; L79.6
1932 : 3.9 12.1 ¢ 11.7 ¢ 1k.5: 5L.2 : L2.0: 29.2: 26.5 : 98.2 : 17.% : 26.4 ¢+ 19.5 : 353.8
1933 : 5.2 : 8.6 + 21.1 : 25.6 ¢ 20.5: 31.9 : 65.3: TL.l: 13.2: 8.2 : 48.6: 91.5 : L10.8
1934 : 19.2 : 20.5 : 3L.7: 30.8 : 25,0 : 33.7: 25.8: " 8.7 : 66.0: 5.2: 2.6 : 23.7 295.9
1935 ¢+ 5.1: 116 : 1k.8 : 25.9 1 2:.2 : 29,2 : 26.9: 118.8 : 50L.8 : L8.L : 6i.6 : 69.8 : 982.1
1936 18.1: 253 ¢ 2b6: 19.5: 1.0 : LhuB: 25.1: 136 : S0.6: 3.5: 174 7.7+ 372.8
1937 : 2.4+ 11.9%': 17,5 : 8.8 : 34.0 ¢ 3h.1 : 2C.5; 23.8 : 98.9 ¢+ 32.3: L7.1: 25.2 : 356.5
1338 6.9 3 11.9 ¢+ 13.8 :+ 25.3 ¢+ 23.3 : 30.8 + 36.9: 71.0: Bl.4 : 57.L ¢ 37.3 : 39.9 : L35.0
1939 = 6.2 ¢ 9.5 16.6 ¢ 17.5 ¢ 1L.8 : 3L.8 : 35.0: 33.9 : 106.5 : 32.7 : 22.2: 0.9 335.7
1?2L0 @ 0.8 : b2 : 1.8 : 7.92: 151 : 38.6: 23.L: 20.7: 69.2: Ll.2 : 23.6 :+ 21.0 : 277.5
1941 ¢ 18.8 ¢ 116t 15.5: 22.3 1 315 : 32.4 ¢ L2.9: 9.8 & 253.0  146.6 . 76.8 1 95.7 : 806.9
1942 37.4b: 27.8 :+ 25.8 : zz.8 33.8: 67.5: 85.7: 64,8 : 157.5 : L0.2 : 58.9 : 73.8 701.0
1943 26.2 +  29.1 ¢ 31.7: 20.9 35.1 ¢ 35.9 : 56.9: 22.8 : 66.5: 13.8 : 3.1 : 6.3 : 348.3
19LL 1.3 8§.3 :+ 11.6 : 18.1 30.4 = 37.9 : 112.§: 87.3 = 118.6 : 185.L : 62.7 ¢+ 11.1 @ 685.5
1945 12.2: 19.6 : 23.9 : 28k : 31.1: 29.3 % 37.0: 3h.7 : 163.9 : L8.1 : 19.3 s .5 : h62.0

H H . H H - H H H H H H
W46 ¢ 17.7 ¢ 17.5 ¢ 11.1 : 21.4 29.8 : 3L.7 : 20.2: L47.0: 35.2 : 83.L : 17.5 s 9.3 & 384.8
1947 : 275.6 58.9 : L0O.8 : 2u.9 : 32,4 : SS.h4: Loz L9 : 388.8 + 79.8: 15.5: 7.3 : 1065.7
Av. 3.2 203 2.7 2,4 277 3493 437 I57 1364 449 2,2 327 J7/.3
l/ Run-off at Harlan County Dam site estimated as 98? of the run-off at Ploomington.
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Tavle /2 Historical

flow cf the'Reputlican River at Superior-Cgurtland Diversion Dam., l)"'
(Unit 10CO acre-feet) i
Yeer : Oct. : Nov. : Dec, ! Jen, : Feb, ! Mar. ! Apr, i May : Uune ! July : Aup, : Sept, : Totel
1929 : 25.1 : 2k.2 23.7; 90.3; 15.02 65.h§ 50.8 : ug.o; 111.52 51.o§ 1,0 ¢ .9 ; 'ﬁgiia-
193¢ ¢ 17.0 : 22,2 : 2h,2: 16.3: 31.7: 28.3: b3.1 $1109.1: 128.3: 21,6: 28,7 : U46.6 : 517.4
1931 ¢ 90,6 : 5L.3 ; 35.§; }h.y; 35.3; h1.3; 51.3 g 65.1; ﬁﬂT1; 11.7£ 28.2 ; 6.1 : Log.5
1932 ¢ 7.0 3 13,4 19,6: 19.0: 86,1t 52,7: 30,1 : 30.0: 11,18 20.6: 7.0 ¢ 22,2 : Lh1,8
1935 ¢+ Lo+ &7 : 19.3: 26,1: 22.0: 36.0: 66.2 : 79.9¢ 15,0: 12,7: 53.6 : 102.8 : LN7,.3
1938 ¢+ 22,1 s o21.2 ¢ 3W.b: 32,20 26,5 37.):°28.5 ¢ 11.6: 6b.&: 6,3: 1,6 : 20.6: 309.9
1935 ¢+ 5.6 : 13,5 : 18,2t 21.4: 2g.1: 31.5% 29.8 & 11k,2: 599.4: 50.0: 72,0 : 94,2 : 1083.9
1936 ¢ 22.1 : 26.6 : 6.6 19.2; 1u.s; h5,2; 11,0 : 129.1; 66.h§ 6.9; 2.0 ; 9.3 : L01.5
1937 ¢+ 3.3 ¢ 113 ¢ 17.7: 9.7t 37.7: UO,k: 22,6 : 25.1: 102.7: Lg,0: k7.3 ¢ 27.1 @ 392.9
1938+ 80 : 9,9: 13.3: 25.6: 2u,8: 3.k 33,6 : gh.s: os,0: 57.3: 47,1 47,1 : lgo.
1939 ¢ 7.2 : 10,6 : 1€,1: 17.6: 15,2: 39.3: 4.2 : 38.7: 130.5: L0,0: 25,4 ¢ 1,6 : 388.0
1940 : 1.1 ¢ 4.2 9.3 6,8 12.9: B 3 251 ; 27,7+ T5.3: 39.3: 30.3 : 16.4 : 293.0
1941 ; 17.5 ; 14,5 : 1?.1; 25.5§ 33.3? 3h.1; 46.8 : 63.7; 302.?; 128, 2: 6g.1 : 95.0 ; 847.2
1gk2 : bho o 32.L: 29.2: 26,3 Li,: 71.6:10u.7 1543: 197.2: h9,7: 68.8 : 105.2 : 8Uub,6
1943 & 29.7 : 32,1t : 30.S: 26.5: Y6.7: 38.3: 7.2 : 27.0: 9L.e: 20,8: L5 7.2: U35.E
94k ;2,2 : 8.8 : 11.9: 20.8: 29.7: L5.2:107.5 : 109.9: 130.9: 191.7: &7.5 : 20.C : 76b.1
1945 ¢ 1k.9 21,5 : 22,9: 32.0: 35,1: 3b,6: U7.3 + 66.6: 152,3: 78,0: 22,7 : 11,0 ¢ 538.9
1946 ; 20,8 ; 85 2% : 12.9: 23.5; 35,9; 37.h: 23k hl.E; hg.o; 92.5; 22,5 ; 76.3 ¢ Lsh,0
1947 3 265.0 : 75.2 :' 49,6: 31.M: 32,L: 58,3 52.3 ¢+ 51,b: 366,0: 87.6: 20,8 : &L : 10984
: ; : ; : : : L g = : ;

Totalt 609.1 :519.6 : 435.3: 435,21 607.3¢ 815.141918,1 :1199,3:28L2,5611022. 2! 672.3 ¢ [2b.7 $10703.1
Avg. : 32.1 :22.1: 22.9: 22,9: 32.0: L2.9:°48.3 : 63.1: 149.6: 53.8: 35.L : 38.2 1 563.7

l/ Historical flow at Bloomington plus the accretion between Blocmington and the Diversion Dam,
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Table 22, Capacities of reservoirs planned for development in the Upper Eepnblican and qug}g&:-
Cambridge Divisionms. PR 1
(storage in acre-feet) . .
Conservation or 50 years Active irrigation
Dead at gnd of of at end of Flood e L
Division Reservoir first 50 years Sediment first 50 years Control Total
Upper Republican Wray 0 500 8,000 1,000 9,500
Pioneer 10,000 9,000 0 73,000 92,000
Bonny 1,000 9,000 33,000 132,000 175,
Rock Creek 0 500 10,000 0 10,500
Frenchman- Enders 5,000 10,000 29,000 30,000  7h,
Cambridge '
Trenton 0 6,000 58,800 133,800 256,
Red Willow 0 8,400 18,000 22,000 - 48,400
Medicine Creek 800 15,000 24,200 53,000 93,000

a¢ oTqeL
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Table 23 , Irrigable acreages in units of Frenchman-Cambridge

" Divislon and acreages of private development.

Presently New Private :

Unit Irrigated Lands Total Development a/).
Frenchman 11,425 a/ 11,485 22,910 6,600
Meeker-Driftwood 2,924 13,516 16,440 0
Red Willow 823 11,167 11,990 500
Canbridge L655 15,515 17,230 1,650
Total 16,827 51,73 ;, 68,570 8,750

a/ Includes B90 acres private development not in project but water
supplied in project water supply studies.

b/ Water requirements for private development were determined and
the stream flow was depleted for the private davelopment require-
ments,

19

KS002048

e e e, R i . S e .

e e et e i e e s 2



®

TABLY I SWANLRY CF ANNUAL [EFLETICHE

1000 ACF

FrENCENAN TURIT

MEEKER-DRIFTRCOD UNIT

FED WILLOW UNI

Frivate
TiTTaTE cTIiz-Ions EUREAU FLAXNED [EPLETIONS BUEEAD PLANHED DEFLETIOKS " BUREAU FLAMNED DEFL
| Troigazioc rFonde L ! i 7 | B ] P L 1 ' T .
2 ' Alocredsgiflow frx) Tota] | F frotel Der| .- Ifrig.4 ]
s ‘atcve Zalow "ig dverliocrense? hzlo- Esservelr Total 1 letions [Reservolr| 1 niy :
> Zpdery  Toders 2ics re=ipamuire. siocs for (3 I i Deplatd dby [Evapora- pletion
_Sessrver i Z e Moz forUslt! for Unit | 0 4
] 1 : ; |
‘1583 CE.8 2.5 ) 7.8 ¢ 22.9 | 8.2 14,7 2.5 | 25.1 30.2 7.8 22.4 8.3 0.7 0.5 8.5 2.0 5.5 12.0 |
3 1 3
1330 2 Lz L 4e ' o.zy o |03 20 g 13.8 2.3 10,8 ] 16,3 .3 5.0 2,1 2,9 y % T
- _F_.:.;;.'. iy e el I =] [ . i . - . Il
1 - sa- ) 20 (73 w0 o6 109 ' 42 2.2 26.8 5.9 lz09 9.4 | 30.3 .5 7.7 2.4 5:.3__ | 11.0
192 5.7 2,8 ! 8.3 13.0 ' 5.6 B.g ' 3.7 201 32.7 B.4 24.% 9.8 34.1 .5 10.4 3.5 6.9 14.8
jasss 5.4 j2.2,2 | 7.6 | 1646 | 5.6 . 10.C ' 5.8 | 21.4 33.5 . | 9.5 24.2 3.0 33.2° 6 10.2 3.5 | 8.7 14.5
11654 { 7.2 L1*3.0 - J10.8 ! 25,9 ! 9.2 1 16.7 | 4.1 31:6 45.4 12.4 36.C 9.6 45.6 .9 14.6 4.9 9.7 21,0
1555 4.8 1.9 ! 6.7 - 14.B $.3 9.8 | Fo | 19.2 29.5 9.8 1.7 8.8 28.5 5 5.7 3.8 5.9 13.8
i . i | - !
gz | 7.8 ! 8.3 14.9 3.6 29,3 47,8 13.5 | 3.3 11,1 45.4 .2 14.2 4.6 9.8 --| 20,1
"-19}1 .0 B.E 11.2 2a8 b+ ¥ A 40.8 11.E 9.5 J8.6 £ 9.9 S8 B.1 14.2 !
11938 51 5. 2.9 3.7 20,8 33.7 9.3 24.4 8.5 32,9 R 12,3 4.2 181 17.8 |
lisze 8.0 7 8.6 15.6 3.3 30.6 - 47.3 12.3 55.9 11.6 6.5 8 12.9 4.8 8.3 18.4
1542 £.3 10.9 T T 42.G 1.4 0.6 8.4 39,0 .B 13,2 4.7 8.5 19.¢C
. 1 ] .
: 1Y 2.7 1.2 2.3 £33 1.4 .5 37 10.2 17.4 5.5 1.9 8.0 17.9 4 6.6 2.8 3.8 9.4
i 2z " s 13 S.4  JE.C ' B 11,6 1.6 28,9 2.5 5.5 15.3 5.5 22,2 ) 6.0 2al 3,9 B.S
i pE 7.3 5,0 ! ]0.8 25.5 | AC.6 15.3 3.2 53.3 47.3 12.2 35.5 9.3.. | 44.9 3 8.7 2.9 5.8 12.5
1364 4.2 1.8 . 6,0 4.1 5,0 9.1 3.5 : 18,) 22.3 7.0 15.3 5.8 21.1 .3 2.8 1.4 1.¢ 4.0
1345 5.3 1.8 6.2 1%.F [ 4.6 2.7 3.2 18,0 125.5 6.2 19,3 7.5 26.8 .5 8.5 2.8 5.9 12.2
s 42 1.9 g.€ 13,1 €6 21,7 . 3.5 ° 21.8 l28,2 | 7,3 20,3 7.7 2685 :5 7.9 2,8 | 5.1 1.3
19¢7 34 | 18 4.8 8.8 5.1 5.7 1 3. 4.2 19.1 6.1 13,0 5.4 18.4 ot 8.0 2.3 | 5.7 8.6
f Tosa)  133.2 | 41,8 4.8 32€.2  118.T _ 30,0 1| 63.6  418.1 leor.z [164.5 [442.1 [1se.6  |eol.l 11.0  [375.1 62.0 _|115.1 _[250.1
! iverage 5.4 2.2 T.£ 7.2~ €. £ S TS 22.9 32.0 847 23.3 8.3 32.6 0.8 9.2 3.3 5.9 135.2
5 7 1 - T
, ] 4 ) ] L35 i
; ; | ! i i e = ]
; : ; i L J
. 1 1
- — 1 i ! | 1 -
= ! | ML l | E 5 B - e
{ 1 1 i f . o ; i L
— l J L : ' : | I

KS002049



- [EFLETICKE IN PiIiCHMAN-CANERIDGE DIVISION .
.000 ACFE-FEET - 5
T
£ -
3 WILLO® UKIT CAMSRIDGE UNIT ISFLETIORS FOE DIVISION
o & L . N .
PLAMNED DEFLETIONS FRIVATE IEFLETIONS BURZAU PLANNZD DEPLETIORS FRIVATS =, EUERAN TTAF., -TOTAL
e | Irrigdtion & Pdnds: : - Ay 3 - =
D ¥nred on) M| ] - zarsim i
Require=|Baturn Reservoir|Total fed Above Faguira= turs Eomga - L t
s foriflow fromlSy) ore=o1atd el Y | } 3 {
24 (0 X Eap Lresee Baiarvisd Pegleizs
i12.0 4.3 7T 1.6 1.9 0.2 241 33.4 11,7 21.7 5.0 _2E.B 10.E T2.0 15.4 27.3
7.1 2.9 4.2 0.6 1.0 L1 11 15,9 £.5 8,5 1.5 11.4 5.8 26.0 10.2 42,5
- * !
11.0 3.7 7.3 1.9 1.2 Jd-1 1.3 | 203 6.9 | 13.4 3.2 17.9 [ 8,9 | 57,8 18,7 g
14.8 5.0 9,8 1.3 1.7 H 1.9 8 9.6 | 19.2 55 24.8 10,5 2,5 ! 18,8 L 8708
14.6 5.2 5.4 1:0 1.9 52 2,] 34,5 11.8 | 22,7 3.0 27,8 | 10,3 T3.0 18,8 { ~———%F100.}
21.0 7.0 14.9 1.2 : 2.7 3 4 3.0 49.4 16.5 52,9 4.2 4941 ! 1.3 109,3 PO WS EARLS. 575 |
13.8 5.4 B.4. 1.7 1.7 2 1.9 25.3 12.0 ! 17.8 3.0 22,7 1 9.2 P Bi.3 16,5 B7.0
=l 204 6.8 |13.3 1,7 . 5 2.6 «3 2.9 47.2 16.6 | 31.7 3.1 37,7 14.6 03,8 19.5 15775 |
— A B.X ‘n.g ns™ lisg - 1.9 2 2.1 A 130 | 2p.8 X 28.2 12.4 151 1539 1044
17.5 6.0 11.6 0.9 21,3 . 2R Tad 2.5 40,6 13.8 | 26,3 5.9 38.2 10.4 80,7 17.0 108,1 |
18.4 [ 11.9 0.9 21.% - 2.4 3 2.7 44.1 15,5 | 28,6 4.6 35,9 1 14,5 99,4 21.9 134.9
19.C 6.5 12.4 1.1 22.8 2.3 S T 2.8 42,5 15,3 | 292 LB ~ X [T an. 2 HETRE l123 =
9.4 4.2 B4 1.4 11,0 £ 0,9 .l 1.0 14,5 7.0 725 2,8 1.1 Bu3 1.2 TR | 502
B3 | 3,1 5.5 1.3 1343 1.2 W1 1.3 20.3 6.9 | 13.5 2.0 16.8 Tal 45.8 12,1 £3,0
12,6 | 4. B.4 2.3 17.2 1.8 o2 2.0 2.4 10.6 | 21.8 3.0 26,8 18,5 ! 90.9 b N
4.0 | 2.0 2.0 1.3 5.0 0.8 1 1.0 14.8 _E.5 A.3 1.2 15,5 2.3 i 38,1 3.5 | k- T
22,2 ! 2.7 €.5 1.6 18,5 LT 22 1.9 30.8 2.3 | 20.6 2.5 25,1 B.E A2.9 L 14,8 | 38.3
+ . = i i ]
1.3 | 4.2 7,1 1.4 14.1 1.5 o2 1.7 25.5 9.2 | 16,3 2,0 20.0 1o 8.8 ! | g1.3 1 24,8 ! 84,3 |
Be6 | 2.5 6.3 1.3 11.7 1.5 .2 1.7 25.8 5.2 | 16.8 1.8 20.2 i) | 48.5 { 12.2 B4.5
1 & ! E i
+ o '
250.1 88.1 162.0 4.8 310.9 3.1 X7 a5 583,72 207.% | 3789 S84 469 .1 192.3 33,7 [ 7332
13.2 4. 5.6 1.3 18.4 1.7 0.2 1 0.7 12,9 | 19.8 ] 24.7 10 | £3.4 P 15,9 : S48
| | }
S PN R A P 1.78" £ bt toral 20,7 | 72,8 ! 16.8 1002
I ' 219" |
1 | !
1 I S : Depl, in Aa-F% rer de 1.35 1.28 == -
" |
! : = .
I i | x i i !
; i ! i
110

KS002050



I

. - ‘ ‘: “\. s
- \__'

Tsble 25 . Computed flow of Republican River into Harlan County Reservoir after proposed upstream

v = development,excluding flow of tributaries in Kanaska Division. 1/ ¥

"(Unit - 1000 acre-feet) _

YBEI‘ H Ja-n- H Fe‘bo H Mar- : ﬁ.p!‘. H ﬁay : J‘t}m :* JUlY : .&ugo : Sept.: OCt. H NAWI : Deca :I Tot-al
1929 : 19.8 : 15.6: L9.3 ¢ 29.0 : Lhl: L7 : 363 : 1.5 : 1.6 : L.O: 5.9 : 8.1 : 289.9
1930 H 6.7 H 1hnh : 23¢h : 37-9 . ?6.3 : 9201 : 13-0 : 1.3 1]400 : 5?.5 H ho.? 31.7 H hw.l
1931 : 28.1: 36,5 : 39.8 : 2.8 : 30.6: 30,9 : L.J: 1.0 : 1.1: 1.di: 1.0 : 1.2+ 215.9
1932 i21: 1.9: 18.0: 16,1 : 1h.1: 78,0: 1.5: 2.0 9.2 : 1.5: 1l.6: 3.1 1L8.1
1933 L.7 ¢+ L.2: 16,2 : 39.4: 39.3: 1.h: 1.3 : 5.1 .7 : 2.1 : 15,1 ; 2B.7 : 203.2
193L 29.0; 25,5 : 28,8 : 1.9 : 1.5 : 29,2 : 1.9 : 2.0 12,1 : 2.1: 8.1: 2,1 1Lk,2
1935 3.3: 5.0: 6.9: 3.5: 35.0:507.2: 3.4 :28.0 3%.0: L.5: 12.8 : 12.3 656.9
1936 : 13.2 : 13.h: 36,7 : 1.8 1 112.7 ¢ 13.2 : 1.7 : 2.2 Lh:o 21 LSt 7.0 212.9
}.93? l.s : 13|8 : 9.1‘.1 : l.s H 1-? . 13t5 H ?19 : lho? 303 H 2.3 . 6.8 H 6.1 83”1'
1938 1h.2 : 10.5 ¢ 16.L : 11.1 : 50.2 : 16,2 : 1kL.8 : 12.1 11.9 ¢ 1.9 : 5.1 : 9.7 1741
1939 15.5 ¢ 13,2 : 35.3 : 12,5 : 20.5 : 56.2 : L.8: 3.6 2.1 : 1.9: L3 : L.9: 178
19450 ¢ L.L: 2.0: 5.2: 2.,6: 12,2 : 31.2: 3.5: 1.9 3.3: 3.6: 2.2: L.2 2133
9L : 8.9 : 8.1 : 15.1: 2h.6: L2.9 : 138.0 ¢ 5.1 : 25,1 : L2.9 : 16,1 : 19.k + 2h.7.: k0.9
1942 + 21.L: 32,1 : 63.6: 67.1: L9.9 : 106.,2 : 8.5 : 12.2 39,1 : 1.6 : 20.5 : 2h,6 LL6.8
1943 = 18,1 : 33.5: 33.5: Ll.l: S5,7: 32.7: 7.1: 2.5 0.7: 0.,9: 0.2: L2 180.2
194l 1.8: 2.0: 10,0 : 79.2 : 59.L : 9L.2 : 65,1 : 27.2 2.9 : 2.,0: L7 : L.6 353.1
19L5 . 6.3 : "1b. b o 23.1 : 28,2 : 26.1 : 136.6 1.2 : 1.9 2.0 : 0.9 : 6.6 : 7.2 254.5
1946 1 15.2 : 20,7 : 30,6 : 1.9 : 18.9 : 1L.S : 32.3 : 12,0 : 35.0 : 168.1 : 37.6 : 32.5 : 119.3
19k7 : 20.5 : 28.6 : L3.9 37.0 L2.,8 : 271.3 : Ll.6 : 6.0 33 : = M=+ — : 1$5.0
Avg. 42,2 } /5.5 26,4 2S02 _3:,0 LS /7.0 R /2 ,,-_:}?3}5 140 /2.0 28570

y Seepage, spills, wastes and releases for Public Health Service mixlim‘-flo'a requirement plus return flow

P

from 17,230 acres plus gain of Republican River between Cambridge Diversion and Harlan County Dam.

AR LM
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' 4 Tabliiié.? Aﬁﬂnu of probable future
: ; " Upper Republican Division.

R

e :\:'_'

private duvalopﬁnnt,

North Republican Unit

Above Mray Dam ' x
Wiray Dam to Ploneer Division -
. Ploneer Division to Haigler
_ Above Ploneer Reservoir
Total
. St. Francis Unit
. ' Above Bonny Dam
- ' Below Bonny Dam
Togal”
 Benkelman Unit

Total

Total

Acres

8Lo
L50
210
400

1900

3100
1700

L8oo




Unit - acres

Nebraska

Colorado Total  Total
New Presently New Presently New Presently New. Presently
Unit Lands Irrigated Lands Irrigated Lands Irrigated Lands Irrigated
North Republican ‘
Pioneer Canal 0 650 0 0 0 2030 . o] 2680
Haigler Canal 0 0 0 0 1700 700 1700 700
Total 0 &5 0 0 1700 2730 1700 3380
St. Francis Unit
P Hale Ditch 200 “520 Bog 0 0 0 200 520
o St. Francis Canal 1200 0 1 0 0 0 0
Total 520 1800 0 0 0 3200 - 320
Benkelman Unit
Parks Canal 0 0 0 0 0 1300 . 0 1300
Benkelman Canals 0 0 o] 0 3400 . 300 3400 _%
Totdl : 0 0 0 ‘B 16056 L0 1
Grand Total 1400 - 1800 0 k330 8300 5500

1170

Total to be
Irrigated
2680

2400
2080

720
3000
3720

1300
'E%

13,800

| KS002053
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[

1

2t 28, Avorage p opment in the Upper Republicaz Tivisier

anmusnl depletions for future development

Private Deplotions by

Sorth Hepublican Unit

Doph.ti.nns Zue to Bureau plamned developmgmt

in 1000 acre-Yeot

Ressrvoir Bvaporation

Total

Bt, Framei

Depletices Depleticms Tetal  pur |

.

Irrization fray Dam Fionesr Above Total Fionesr Area Haiglor Area Private' for irrig. for pige; |
& Fo y ¥ . ﬁg‘ Return F‘"J“ L firay lPioncor' Total rate | recu
s £oroi | dbove Diversion]  to servoir, dversionsidive~ ‘ms - | Flow : Ares  Regorvoirfaservoir] Evap. | |
SS dray Dam d ler i 5-3_9 YPH asot plotions | :
_-ﬁ?"-_{m 55.)(450 me, }(210 ne, }(400 ne.) 2680 ao}{2BYC 1 )(2680 ac){2400 ugc){2400 ac)}(2400 ac)" |
: | T : ! 1
0,8 0:4 0.2 0.8 2.0 10,5 1. 0 4.3 1.6 2.8 Hys [ 2.2 4.0 8.8 ' | _2.4 1,3 | 3.7 5.4
0.7 4 2 7 2.0 ", 10,2 102 [0 4.1 1.5 2,6 1.8 ) 2,] 3.9 B, | 2.8 1.5 | 4.3 [
1.8 .1, .3 .8 3.0 | 140 | 140 | 0 7.0 | 2.3 47 l-22 | 3.0 s.2 |13.0 | 3.6 1 2.0 | 5.8 B.€
0.9 5 2 .5 2,2 | 104 K., . 0 4.2 1.9 3,0 2.0 | 2.9 4.9 10,1 | 3. 1.8 | 5,2 7.5
-8 5 .2 8 |. 2.4 | 12,2 12.% ) 5.1 1.8 3.5 [ 1.8 2.5 4.3 10.0 | 4.2 2.3 | 6.5 | 9.7
1.5 .8 4 L9 |+ 3.8 | 12.4 13.2 0.8 7.9 2.5 6.4 | 2,0 3.3 5.3 16:1 | 6.3 3.2 8,5 14.2
4 4 .2 2.1 20 ¢ 1.7 11.7 0 3.9 1.7 2.2 1.9 2,0 3.2 8. | 4.1 2,3 8.4 0.4
W ok -8 2.7 11.5 12.0 0,5 5.5 1.9 3.6 | 2,0 2,9 4.9 11.7 | 4.3 2,5 §.8 111
1.2 | .6 .3 8 2.9 [¢11.0 11.2 0.9 6.3 4 2.2 4.1 11,97 | 3.0 4.9 12,8 ! 4.2 2.4 6.6 10.5
1.1 8 B ! .9 2.9 10.0 | 10.8 0.8 E.B 2.1 3.7 1.7 82,8 4.2 1.4 4.0 2.2 8.2 2.3
1.2 o 23 T 2.9 | 1s.4 | 13. o - 6.7 . | 2.4 4.3 1.1.9 3.3 5.2 12,4 | 4.4 2.5 6,9 111,6
b U8 N .3 T 2.7 11.5 1.7 | 0.2 5,8 21 " 3.7 |s1.9 3.0 . | 4,9 11.5 4.1 2.4 85 11.8
0.8 | 2 -6 ) 10,2 1C.2 I 0 3.3 1.3 2.0 1.0 1.7 2.7 [ 2.4 1.3 3.7 4ad
0.7 o .2 N e I 9.3 $.7 i 0.4 3.7 -las v| o2 "1y 1.7 2.9 7.6 2.8
i 13.6 | 15,0 1.4 T.2 | 2.4 4.8  !'1.8 2.9 4.7 14,1 4.1
15,0 15.0 0 4.2 1.1 2.6  |41.5 2,0 3.5 8.0 ! 3.5
2.7 | 233 0,6 4.6 1 1.8 2.0 1.3 2.0 5.3 2.0 3.0
ARG 14,5 1220 £8- | 1,7 95 S 25 1.6 3l 9.5 4.5
13,0 13.9_ 10 4,6 | 1.6 3.0 '-:1.3 2.2 3.5 8.7 c 2.9
7B T ; z
2258, % f 252.2 Gud 99.7 355 - [ge.2 [32.6 46,8 79,3 . }96.7 70,0
11,9 71 32,2 W3 6.2 | 1.9 3.4 1.7 2,5° L.4,2 10,4 5.7
g f¥g; dgp- Porgent Pepletiony =
0 A0
. ac: ft. |Total ne, =
s 8.2 | 23 .23 i
= 10,7 30 =
asently irrigated = i 5
120 aor 18,5 A.49
0 10— ot |
. 16,8 47 N = | =
fotal tions -t E 35.7 1160 . I
i :
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Tabpan1s2 8=~
- el
St. Fremeis Unit ; Bankeluan Wit i Total |
.nt!.nn_ Total Depletiz:: Depleticms Total  Bursau planned develop. Zvap. Total Frirate - . Zureau plammed development .f“P- Tozel fanlet.
Private® for irrig. foT pivers. FReturn -Depletions frem deplet. ceplet. Eprk Caal Bankelean Caral Zotal - -,"-’.L“_..__I__Lerl't' fo
] Total fﬂﬂﬂ#ﬂdﬂﬂiﬂ&hgﬂﬁﬁ_ﬂﬂ | duo to : iyarsionh Retrn Peplaetéony Diveraier 3 o Inplesions deplete s
j Evap, - knd popdsl balew avelop. Flow | ' = Flow T for-71. feve 1
" hbow onny Bt.Fra.Diy. . | pait Hessrvals
i 3100 ac {1700 ao) (3720 ao)(3720 .o)E . 11390 5 W1300 ne (1300 agI(3T0C 2c¥(5700 2o HS700 ac) o !
$,0 | 8,8 '] 2.4 | 1.3 3.7 5.4 2,5 2.9 5.5 12.1 2.6 L2 ] L 14 1 33 | 43 ST | 9.0
3.9 846 2,8 1.5 4,3 8.3 2.5 3.8 4.1 12.2 I 1.E 0.8+ 0.7 42 ! 20|22 2.9 20,8 -
5.2 13.0 3.6 2.0 5.6 8.6 | 3.3 5.3 6.5 17.2 1 3.8 1.3 126 13,2 1 40 1 13 2.8 n.2 -
4.9-  |10. 3.4 1.8 5.2 | 7.5 3.2 4.3 6.5 | 1640 - 3.9 1.6 2.3 in,o ¢ 46 'gE B8 1.3
4.3 10,0 4.2 2.5 6.5 9.7 5.8 5.9 5.9 18.3 -1 S 4,2 1.7 2.5  112.1 4.8 . T3~ 9.8 5 3
| 8.5 16,1 5.3 | 3.2 | 856 [14.2 5.5 8.7 8.1 25.3 | = 5.3 2.1 | 32 1162 ‘6,0 | 9.2 1z {2
5.9 8.1 - 4.1 | 2.8 ‘| 8.4 8.4 4.1 5.3 6.3 18,9 5 Yok L7 ag- ! g2 4.6 6.3 3
| 4.9 - 11,7 6.3 2.5 | 6,8 |11 4.4 | 6.7 1.0 20.5 4.0 1.6 2,4 l11.e "¢.5 1 6.9 1793 i¥1.0
4,0 ' | 12,8 4,2 2.4 6.6 10.5 4.4 6.1 5.9 18.€ 1 4.2 1.7 {“2.8 12.1 4B 7.3 P2 B ¢ e
| YO ET N 4.0 | 2.2 6.2 | 9.3 .5 5.4 5.5 17,1 L 3.9 1.6 2.3 11.1 a6 1 6.5 180 "FD2
L 8.2 J12.4 5.4 |28 169 1.6 4.5 7.1 | 6.3 | 203 Y] 1.8 22 1108 43 162 | g4 ff1l0° -
4.9 11:5 4.1 2.4 6,5 111.6 4.7 | 6.8 4.5 17.8 T 4.5 1.8 2.7 12.8 5.1 | 7.7 10.4 0.7
el 6.4 2.4 1.3 3.7 4.3 2.4 ' 1.9 3.6l 9.0 T27 1.2 1. 7.8 3.6 4.2 5.7 0,9
es® 7.6 2.8 1.4 4.2 5o 2.1 3.3 4.7 12.2 L 2.8 310 1.5 tex 1 2at-to3a 5. o
4.7 Ib.l ! 8.1 2.4 8.5 10,8 _E.9 6.9 Saly 19,5 4.4 1.6 1-2.8  1312.7 4.8 7,9 107 1,0
3,6 8,0 3,6 | 2,0 5.5 7.9 5.5 4,4 4.0 13,9 2.8 L2 1.6 7.9 3.8 4.3 5.9 0:5
3.3 9,0 3.0 | 1.8 4.6 7.0 2,9 4.1 4.4 13.1 2.6 1.1 1.5 7.3 5.0 453 5.8 0,9
3% 2.5 4.5 | 2.6 7.0 N ] 4.1 6.4 5.5 18.9 5.3 1.2 2.3 2.5 _z.8 5,3 | 7.8 K-
.85 -l 8.7 s 2.8 1.5 4.4 | 5.6 2.7 2.9 5.3 2.6 1 3.2 L3 1.9 9.0 5.9 163 1 72 -liog"
i i ¥ “ 1. H Y
79,3 - 86,7 | 70,0 139,01 09,1 6.6 les.4 l9g.2 05.4 12,7 '66.1 26,9  139.2 88,4 770 Rila e
4.2 10.4 5.7 |2 57 ' a8 3.6 5.2 5.5 164 5.8 1.4 2.0 3.9 43 | 5.3 ;
i i i HR : . s T%
i - £ ¥
| ' * . 14
| 5 i * ] - - .
0 T 7
7 T == g
i ) . | - :
1 1 2
- -~ 5 - 3 < T = L
—_— r . ® +
. 1 . | S e
- 2 T T
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Table 2 7.

(ﬂ-ﬂraﬂ.'__r re-tect)

ctpacities or reservoira pllmnd for datelopent in t.ho Kanuh ﬂtﬂsim 7 ey

" Congervation or

Active- migatim

.\ Dead storage at end 50-yua.rs at end of - / rlood
BReservoir of first 50 years of Sediment first 50 years - -Cmt.rol
Beaver City 0 9,000 1,700 . 20,000
Oberlin 0 8,000 11,800 20,000
Norton 0 9,000 20,000 20,000

6g ot1a®L
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* Trrigabls acreagés in units of Kanaska Division and
- acreages of private development,

Presant.ly New Private
. Unit Irrigated Lands Total Development }/
Beaver City 0 1,200 1,200 3,500
Oberlin 0 1,500 1,500 3,000
Almena | 0 5,000 5,000 900
Total 7,700 7,700 7,L00
o "
— ) 1/ Water requirements for private development were determined and

the stream flow was depleted for the private development

requirements,
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TOAL DEPLETIONS from FUTUHE DEVELOPMENT of FANASEA DIVISION - 1000 Acro-foet A
o lresk

Bureau Flanned Depletions Total . ?ﬂvl,h Daplétions
Depletion Evap- TIpIation Irr;; Trrig.

s

Prairie Dog stek

Buresu Planned na‘ploﬁi,ﬂli

Total

Kmount n,m.n for, from ©u Sippa Abave Below Privite Amoust agwm fo ~ﬁ’n—m
i Ditorted Irriz.  Res.  Cresk ‘l%m Ponds Dsploticms Divertad -Flow J‘.rﬂ.; S Ees.
[ %.a 1_1_ 2.0 5.5 | 9.1 0.5 o | o 1 2.2 T 9.7 | sur ' glgAd 2.9
_lz,'r " 0.6 13 | 2.3 | b .3 2 .3 | 0.8 ' 6.5 2.7 3.6 -] 2@

T —
_l2.9 1.0 1.9 3.8 9.2 Y S D 23 1.1 9.1 5.3 0. BB T 5.6
3 - : SR : y =0

3.7 1.3 2.4 3.7 Y] 26 22 1.3 1.7 -| 4.2 :ns-‘l-*'-s.s

. 1.7 .v 3= : . :

3.6 1.3 2.3 1.9 : ek .2 1.5
I R - 1

2.0 1.2 0.8 <+ 0,8 8.9 i .2 1.8 7.9 3.4 4.6 M
b k = i (O L 2 -

3.2 1,1 2.1 -+1.8 8.5 " LB e .3 1.2 9.5 5.5 6.0 7 2.2

4.9 1.7 3.2 1.6 10.3 < 8 6 o2 1.6 16.4 5.8
. a2l 0,8 1.6 *| 0.9 B i, .6 ] 1.4 12,1 (]

4.0 L 14 2.6 o] 30 | 8.8 3 5 2 | 1.4 J138 | sz [

2.4 | 009 1.5 0.2 7.6 a8 .7 .2 1.7 13,8 5.2 8.3 1.2

1 - : ! _'
2.7 1 2.0 | 1.7 0,1 ]u 1.0 1T 26 2 35| 5.1 3.9 | B.2 857
B : 0.4 . 0.7 | 1.2 3.6 .2 2 .3 0,7 5.0 2.2 ¢ 2.8 2.7
. i i
2.6 0.9 1.7 2.8 7.7 .3 2 W3 i 0.8 ! 6.2 2.3 | 3.9 2.5
i 1
.2 | 14 2.1 5.5 9.5 .6 .5 & 5 LS 12.8 4o4 | 8.5 3.5
[ L8 | 67 .4 L3 .3 1.0 7.7 3.2 | 4.5 2.1
. i
2,5 Ta4. 26 4 b | 1.2 i 11.2 $,0 T2 3.2
iZa Aoy ek JI_ i
P17 8.4 .5 o4 2o 1§ Ml 4.1 | 6.0 2.2
¥ i ; : } -
8 ]
2., 0,1 Lkl b 6.8 o 4 W3 1.1 8,7 B4 | B35 2.2
- L ol - -

x 28 19.4 34.2 36,8 1145.9 -’;_g,s 8.5 4.6 |'23.7 195,8 76,0 - 1208 1-45.0

2.3 1.0 1.8 1.9 1.1 0.8 0.4 0,2 %2 10,3 ] Bedic il 2.4

R 4 — £ 4l % of Ta

| 1 » i H {m 131
— == ==
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A= i - I ¥
5 . F = o e (Zable 3. . SBMARY of ANNUAL DIPLETIONS from FUTORS DEVELOF:
5 P - Beaver Creek 3 & Sappa Creek - i
i Brivate Deplétions Bursan Plannsd Depletions Total Private Deplotions Bureau Planoed Depletions
Irrigation Irrigation Total Depleticn Evap. Depletion Irrig. Irrig- . Total mﬁtn Evap.
. Abova Below Privats Anmount Retum for from on Beaver Above Bolow Private  Anount Return . . for. from
] b 2eaver C. ‘Beaver Cu Ponds Dopletions Diverted Tlow Irrig.  Bas, Crosk Oberlin Obsrlin Fonds nz Diverted Irrig.
% L1 | 2.8 o 1 os 3.0 ' 37 1o o3 |22 53 [ o8 2.5 03
: - : sk === —_— St b b e R UL .
© 1939 | 1.8 0 i 0.6 2.4 1.2 . 0.4 _ . 0.8 ;| 1.5 B2 SR 0.8 .. 1.4 .5 2,4 | 1.7 _ 9.8 1.1 2.1
. * i : * X — — -
1951 | 3.8 2 ! 0.9 4.8 1 2.5 0.8 1.7 2.8 . 9.3 0.8 2,2 .5 3.5 2.9 1.0 1.9 2.8
] H ei ! H | A i J | 1
1952 ; 4.0 1 0.8 . 4.7 2.6 F 0.8 1.7y | 28 (| g= t 1 1.0 2,9 .3 4.2 3.7 | 1.3 2.4 3.7
g T N T T T ] i i i
190 w3 ' 1 T o.3 2.2 1 2.9 1.0 1.8 24 | 96 | 1.0 2.3 4 4.3 3.6, 1.5 2.3 1 1.9
R »_;:.- &= 9% | 5.6 1 o5 - ez T 3.7 1,5 ' 2.4 2.5 11,1 i i 1.4 4.2 22 5.3 2.0 1.2 0,8 4 0.3
-] ;'_‘ t r [ fi - V 1 1 3 =
- EETTY I,5 .1 1.0 4.6 | 2.3 | 0.8 1.5 2.2 8,3 | 1.1 5.2 .5 4,8 | 5.2 1.1 2,1 -F1.8
1 : . 1 i i b
' 6.0 1 3.4 1 1.2 | 2.2 3.1 | 11.3 1.5 4.0 2 5.5 4.3 1.7 5.2 1.6
] i [ |
L 4.0 2.1 0.7 1.4 1.7 7.1 1.0 2.9 - 4.3 2.5 0,8 1.5 " 0.9
{ = L . i —
| 5,8 38 1 1 : 1.9 2.5 B 1.1 3.3 3 4.7 ) 1.4 2651 14
: X = = -
5.8 3.1 ; 13 z0 .| 2.8 10.2 1.4 4.2 2 5.8 2,4 0.5 ' 1.8 0.2
T : i B R i 3 =
4.9 24 2,0 ¢ 19 1.4 -]-8.2 Z 1.2 3.7 .5 6.2 | 2,7 .0 1.7 51 0.1
| 3.8 f 14 - 0.6 © 1.3 1.8° 6.5 0.3 Q.9 5 1.7 1.1 0.4 Q.7 1.2
1 N 1 '| y: . o " - - -
L 2z 1 33" | 2 *f 0821 17 .2 | 1 0.7 2.0 T L 2.6 0.9 1.7 =28
| ! F = —F
‘i 4.8 | 2.5 | o9 1.6 2.7 8.8 | = 0.9 2.8 "2 5.7 3.2 L1 [ 3174 3.6
| 52 . 1.8' ! 0.5 1,0 1.4 |- 6.8 i 0.7°.1 2.0 .5 3.2 2E. 00 1.7 1.8
T t t
l 4.6 24 | 0.9 1 1.8 2.3 8.4 s 2.2 3 3.1 2.8 . 1.0 | 1.8 T 2.5
viz T . RN 5
’ 4,7 2.1 1,0 1.7 1,7 g R BT 2.1 2 3.0 ! 2.7 1.0 1.7 1.7
1 ' ' H i
- — - |
: 4.1 2.0 0.7 1.5 2.1 1.5 0,8 1.8 S L 2.9 20 ! 07 1.4 2,6 '
- - —_— L - ] 1
38,4 458 ! 16,0 ga_ls__;_ 4los 1564 7.1 51,0 6.8 | 74.% '§}.§__’1_9.|_; 3.2 36.8
4.4 2.4 L 0.8 | 1.8 2,2 8.2 | | 0.9 .[ 2,7 0.4 1. $0 128 1.0 _1_1.8 ! 1.8
1 ' £ -1 1
1 1 | T : T ! I - — |I ——
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Table 32.

independently (1929-1947) .

Shortages occurri

ng for Reservoirs in Rej;ubucan‘!li'er Drainage Area when units are operated -
cated in 1,000 acre-fest and percent of consuzrtive use.)

(Shortages indi

RESERVCIR
Upper Republican Franchran-Cancricge Eanaska
Divimion Divigicn Divieion
Wray Swanson ReC Wedicice [Heaver

Ploneer-Halgler Iary Bonny Enders s Willew Creek city Oberlin Norton

LF. % I.F. Iﬁa‘! AF. I A.F. F. i.F. 3% K.F. AT, AF. A F. %
193 o 0 0 o o o o o o v} c 0 .7 L. o0 o 0o o0 o 0 G 0
W 0 0 00 0O O 0 0 91 7.9 0 0 83116 0 0 0 0 3.3 L2 ¢ 10.2 3.4

T
1535 0o 0 0 0 0o 0 o o [+] 0 e o o o 0 0 c o 0.7 9.8 1.3 5.1
9% 0 0 0 0 0 o0 0 0 L8 133 0 0 Sf10] 0 0 0 06 a1 Lk o 2D
1937 o 0o 0 o o o 0 o 1.k 10.7 o o 3.3 52 o0 o0 o o0 1.3 29.1 1.2 7.2
1938 0 0o o 0, 0o o0 0o o o o o o A7 0 0 0 o 0 o I ] 0 1]
1539 o 0 0 o© 0 0 0 0 1.2 n.z o o0 55 96 0 0 o o 2.9 339 3.8 13.5 o o
19L0 o 0 0 o 1.8 66 ©0 0 o o 0 0p/ L2 T.ig/0 0O (<] 2.1 28.% 5.3 20.1 52,k 1088/
w2 0 0 00 0 0 0 0 7.4 69 0 0 0 9 o0 o o0 92 0 o © o 0
g/ No dezand could be made on upstreas reservoire for additicnal water.
E/ If water atored out of pri ority were released to the Hurlan County Reservoir, it woulc cause a consunptive use requirement enortage of
14,300 acre-feet or 1£.2 percent on the lande served by Jumsen ikt ]
&/ If water s.t:red out of priority were released to the Harlan County Reservolr, it would cause a consumptive use regquirecent shortage of
9,600 acre~feet or 1t.L percent on the lands served by Red Willcw Reservoirs

d/ If water stered out of priority in Siancan Lidie illew we:. Wers released anc used in the Bostwick Livision, the consumptive

use requirement shortage would have been 13,800 acre-feet or 2.8 perzent,

118
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able 3

T

Flow zt moutk of Presirie Dog Creek after development o: tro Almena Unit

(Onit - 1000 ﬁcfe-fe&t)
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# af'ter develcpment of t.he

Flow at mouth of Sappa Creek near Stamford less Beaver Cree

- Oberlin Unit 1/ .

Table 37 .

—mEyE

IEASEE

(Unit — 1000 acre-feet)

Year
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Table 3£ . Flow at mouth of Beaver Creek near Stamtord -after development of Beaver City Unit.i/f ;:

(Unit - ibbd acréufeéii R
June July Auz., Sept. Oct. Nov. Dec. Total -

Year

[
w
=]
"
]
o
B
Lo
H
L
Ee
‘U
L ]
B
o
L
=

4.

1929 : 0,2 : 0,2 : 2,3 : 2,5: 2.1 : LB : 2,1 :°0.1: O.b: 0.2: 0.2: 0.2 : 15.3
1930 : 0.2 : O s 0.1 : O : 285 : L2: 0 : 0.1 : 0,83 La2: 2,27 10z 15.77.
1931 : 1,0 - 1.L: 2.0 : 2.3 1.7 : 0.2 3 C.l 0 : 0 : 0.1: €3 : 0.3: 9.
1932 : 0.3 : © : O : 0 0 s 1,5 ¢ oL U2l 2 a3 2 Ul oz T 2.2 u 3.2
1933 : 0.3 : 0.2 : £.5 : 0.2 1.3 ¢ Z.kr 0.3 0.3 : 0.3 : 0.k : GH: o7 @ 5.5
193k : 0.7 : 0.5 : 0.7 @ 0.2 Je3 : W3 0.3 2,3 Cuhor 0.3t 0.5 1 .3 @ LB
1935 : 0L : C.L : C.5: G.3 1.5 ¢ 5.} 8.2 2,3 : 3.0 : 0.k ¢ 1.l : CLB 13.9
1935 ¢ £.3 ¢ 0.2 ¢ 1.5 : Z.lL Le& ¢ 2L ¢ Jub g Cel @ Cul 0.3 3 Qo3 w Tk s 2,4
1937 ¢ C.3 1 G.9 @ Cu7 Val : i 1,9 : 0.3 C:9 J.5 0.3 i .3 .3 ¢ 7.0
1938 : .2 2 2.2 1 T.2 0 w3 0.7 3.9 1.7 C.L : 7.3 0.3 @ ©.3 Col E.B
1922 ¢ 0,3 ¢ C.3 % .3 3 .3 San v B ) i el a3 m LeB E LGB 5.3
19k 5 0.2 2 L3 3 wed ¢ a2 3.3 S 1.8 C.e SR Len v ol a3 5y 5e0
1761 3 £.2 ¢ 0.2 5 G2 v . UeS 3 1h, L 1.4 3.k o.F ) o .9+ 25.0
1942 3 .0 : L0 : Lukor 701 T B VS 1.8 £.3 3 b 2 3 v 385
1963 @ Cu3 ¢ .7 ¢ .0 2 1oL 1.9 - ok A ] . ety £.9
LG ¢ 2.2 2 J.F o2 .2 . Rl LS n BRI T g ol s LN oNE Yoo v By ¢ HEil
19Ls : C.3 55 Vo B Ea ks Fou 1 340 v.S g 4 Ja Hed v T3 8 YRS d
1948 & .3 @ U.F 0.3 Dee 2.5 : L2 o0 U 10 BlE ¢ 3.0 ¢ 2.8 5 T30.%
19L7 : 2.0 ¢ 1.3 : 2.L 1.9 1.7 2 23,3 @ 5.2 ¢ 0.5 ¢+ U.5 T3 ¢ : 37.1

AVS., &5 0,3 ¢.¥ ar /.3 #3528 Lo 2.0 L7 gl a6 1578

2
= s . W ; &

1/ Depleied for 3LS0 acres above Res. 1200 i. in project and 50 A. below. Flow at mouth of =
Beaver Creek = Sum of pickup between the damsive and mouth oi Seaver Creek, return flow from &
12C0 acres. Soills from reserveir, secpage from reservoir nmirnus: depletion for 50U acres o =

future private irrization develcpment telcw the reservoir.
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Table3”. Deplations for 2,600 acres of private development of irrigation between Harlan w
County Dam and Supenor-Court}.and Diversiop

1,000 Acre-Feet L

Year  Jan. Feb. Mar. Apr. May June July Aug.  Sept.  Oct. Nov. Dec.  Total
1929 0 0 0 0 0 .3 9 1.2 .3 B . B a0 e GElg
1930 0 0 0 0 0 o} .9 .B .5 0 0 L0 . 2,2
1931 0 0 0 0 0 b o9 .5 b 0 0 0 2.3
1932 0 0 0 0 a2 ok o9 9 5 0 0 0 2.9
1933 0 0 0 % | ol o9 o8 .5 o1 b 0 0 3.8
193)-[ 0 0 0 il-l .? lh 1'3 1'0 05 lh 0 0 ht?
1935 0 0 0 .6 0 23 1.0 ol 0 0 0 0 2.3
1936 0 0 0 o4 ; | .8 g Wi wil .3 <3 0 0 3.8
1937 0 o} 0 A .2 .3 .4 1.2 .5 = L 0 0 31
1938 0 0 0 Wb 0 5 5 .9 «3 o3 0 0 2.9
1939 0 0 0 3 ok .2 1.1 6 o o3 0 0 3.3
1940 0 0 0 .3 .1 3 1.0 .8 .5 .3 0 0 3.3
1941 0 0 0 0 0 o] b 6 0 0 0 0 1.0
1342 0 0 0 0 0 0 5 .6 0 .2 0 (0] 1.3
1943 0 0 0 0 .5 0 .S .5 .8 .3 0 0 3.0
194k 0 0 0] 0 o] 0 .4 ) .6 " 0 0 1.h
1945 0 0 0 0 0 0 .3 -9 .2 3 0 0 LT
1946 0 0 0 A Pe .2 .6 .8 0 0 0 0 2.1
1947 0 0 0 0 0 0 ol 6 o7 ol 0 0 2.1
Total 3.3 2.h 5.0 L 13.9 7.5 3.4 h9.9
Ave, . iy | | a3 .8 o7 L .2 2.6
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T4

Table3S, Mineral constituents, in parts per millien, of Republican River mear Orleans, Nebrasich.

Specific
Dis~ Condue- ke gne s~ Potas= Biecarb- Sul-

Sampl Date charge tabos  Calct fum  Sodd gium te  fate e
mmbes Collscted c-.f:sgB (Ex10°) (ga‘}m (¥g) (lh?m (x) (()1?003) (304) cb%gﬁde 1&;?@ E'(();c)nn ﬂuﬁb

5913 6-16-48 2,70 396 43 1 31 202 44 460 0.8 0.15 30 o
6071 6-22-48 13,100 336 42 8.6 18 200 10 1.1 1.2 -08 2
7356 8-6-48 231 323 40 8.0 20 179 18 Le5 - 3.8 <07 2
7882 9-1-48 137 381 48 9.5 19 198 26 6,0 Re2 +15 21
9442  10-1-48 440 46 1 32 257 18 8.0 0.6 0,11 29

W

&€ aTgny,

el L
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Table-f, Mineral eonstituents, in parts per million, of Republican River near Bloomington, Nebraska

Specifie :
Dis- czanduo- Magnee=- Potas- Biearb- gy '
Sample  Date charge n Celeium Ium  Sodium  slum omate  fate Chloride Nitrate Boron Percermt
Mumber Collected cofs (mg) (ca) (g) (M) (x)  (HCO3) (s04)  (c1) (¥o3)  (B) Sodium
4
3360  3-21-47 838 48.2 65 21 10 255 (2 9.2 L 0,36 8
3357 5-6=417 636 48.7 58 17 37 261 63 9.8 .0 45 27
3359  5-31-47 2,030 49.8 59 26 13 261 51 8.5 .0 39 10
3361 9=1-47 172 56,1 64 26 23 301 50 12 0 .08 16
bLb2  6-22-48 6,610 466 47 10 38 20 50 L0 1.4 0,12 34
7352 7-22-48 915 358 L2 8.3 26 191 2 6.0 5.1 2 29
7888 8~26~-48 171 494 62 12 25 256 3 7.0 «8 A 21
9413  9-29-48 & 525 62 16 33 291 36 9.0 2.2 .05 2/
9414  11-1=48 502 A 15 54, 272 48 8,0 4.0 0,06 41
11539  3=1-49 354 L4, 8.0 18 177 26 45 3.2 06 22
11540  3=31=43 - 496 58 12 34 241 52 9.0 3.8 .02 28
M-377  5-10-49 319 39 6.6 17 170 16 1.0 2.0 - 22
8-379  5-31-49 491 51 12 40 245 46 7.0 4ol - 33

KS002068



Table4/, Minersl oconstituents, in parts per million,- of Republican River mear Hardy, Nebraska

Specifiec
Dig- Condme- Magneg- Potas- Bicarb- Sul- g
Sample Date charge tamog Caleium ium Sodimm sium omte fate Chloride WNitrate Boron Percent
Number Collected ofs  (Kx10°)  (ca)  (Mg) () (k)  (#co;) (soy) (c1) (Nog) (B) sodium
10=-12=45 325 4364 51 13 16 1L 217 36 5.8 4el 0.2 15

rale gt
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Table{3 Mineral constituents, in parts per million, of Jappa Creek water neer Stamford, Nebrasia . - --

fpecifie
- Dig- :Bonduc- agneg~ Potas= Bisarb= Sul-
Sample a eharge -1;238 Caleium ium Sodium sinm onate fate Chleride Nitrate
Rumber Collected efs (EX20°)  (Ca)  (ig) (¥a) () (3‘303) (304) (g) © (¥Noj) B‘(’ﬁ‘)’“ -23'3?;2"

6015 6=16=48 76 275 40 5,0 51 1 154 14 1.6 3.8 0.10 15
7380 6-25-48 98 218 2 3.0 1 130 846 .0 o5 .09 ped
7381 8-6-48 50 452 60 10 32 258 35 5¢ 543 11 27
10548 10-1-48 1,3 580 83 17 16 16 328 54, 8.2 2.1 0,10 10
11570  3=12=49 374 47 540 2 189 23 6,0 1.6 .08 27
o U=350 4=13-49 , 623 69 13 57 330 50 15 5.5 o 36
, M=351  5-6=49 354 52 5,0 2 236 1,0 1.1 o - 2L
11797 5=7=49 267 36 749 A 153 440 3¢5 9 004 10
11796 5=21=49 239 30 6,3 10 129 11 3.0 1.7 06 18
B-413  5=22=49 337 46 6.1 20 186 17 8,0 N3 - 23
U=415 b=5=49 411 50 6.7 33 22/, 27 8,0 3 =m 32
4
..
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" Table 43, ‘Mineral eonstituents, in parts per m.ﬂ.liﬁn, of Prairie Dog Creek nsar Norton, Kansas
)
€ - [}

Dig~ Comiuo- ‘Magnee- Potas- Bicarb~ Sul- TR e
Saemple Date charge ‘tance (Galcimm imm Sodium sium omate fate Chloride HNitrate Boron Percent.
Number Collected ofs  (Kx10®)  (ca)  (ig) (%) (X)) (HC03) (sg;) (e1) (So3)  (B) Sodium

548 3-27=47 20 56.3 76 . 16 18 8.4 304

34 9,8 8.0 0,17 13
549  4=29-47 2 52.0 [V 16 18 1 281 33 11 1.5 09 L4
3328 5=27=417 15 577 80 18 2/ 331 35 10 2.3 »38 16
3329 8-23=47 . 10, 59.8 91 16 16 344, 29 7.0 L 11 10
5894 5-30-48 472 224 31 5.0 2.3 136 1,0 1.0 048 0,07 16
6470 6~27-48 1,250 225 32 5.0 14 140 9.6 3.0 o5 #07 23
7912 8=5=48 73 421 65 10 13 256 © 3.2 9.0 .43 +00 11
7879 8=13=48 250 249 32 T 7.0 6,5 150 46 o5 1.2 «09 8
~ 9410 9-8-48 16 33 39 6.7 23 186" 12 3.0 5.8  J05 29
R 9408 10-7-48 512 69 16 30 320 26 8,0 1.2 0,09 21
11535 3=19-49 496 (A 13 27 282 24 8.0 4e8 06 2
M-356 5-6"49 390 &6 10 10 266 8.4 o5 3 — 10
=360 5-18-49 330 52 8.5 7.1 207 8.8 o5 1.4 - 9
=357 5=21=49 26), A") 6.3 6.4 160 5.6 5 1.7 e 10
¥-362  6-7-49 257 36 5.4 17 164 5.2 3.0 2.9 - 24
¥-351 6=9-49 177 24 6.1 3.5 104 3.8 o5 2.4 - -8
¥-358  6-18-/9 308 b 8.3 6.7 188 6.2 1.0 . — 9
M-359 T=9=49 259 459 8,1 5.8 189 9.2 2,0 ol - 7
¥-355 T-14=49 260 45 T L6 176 6.6 +D 6 - 7
R-643 7=26=149 284 Al 5,0 9.2 164 Lo 1.0 14 — 1%
Y
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EXHIBIT /ODIAGRKAM FOR USE IN INT

Exhibit 10

OF WATER{SAMPLES FROM".

REPUBLICAN RIVER AT ORLEANS,NEBR,
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TOTAL GONCENTRATION AS ELECTRICAL CONDUCTIVITY

USDA CIRCULAR NO. 784, MAY 1948

"EXPL ANATION AND INTERPRETATION OF ANALYSIS OF
IRRIGATION WATERS"

L.V WILCOX

ERPRETING TME ANALYSIS
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EXHIBITH DIAGRAM FOR USE IN INTERPRETING THE ANALYSIS ‘
OF WATERUBAMRLES) FROM
REPUBLICAN RIVER AT BLOOMINGTON NEBR.
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Exhibis 12

¢ ,-.Bumm*rra mmnwﬂmn USE ;':'éa INTERPRETING THE ANALYSIS
' aEPuaucAN RIVER NEAR HARDY NEBR.
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'”*xﬁxhibie WS Geologic profile showing the Republican River Valley
el ;:;F;j}' . west of Bostwick, Nebrasla

KANSAS

Republicon River

17001

1600

[FESSE———
1800 BLACK SHALE (CARLILE SHALE)
NORTH . 0 T 3 MILES . SOUTH

SGALE -

Geologic Profile Section A-B. Loocation along a north-south line three-
fourths mile west of Bostwick extending from a point 12 miles north of
the Nebraska-Kansas line (A) southward to the Nebraska-Kansas line (b).
Note (1) the relatively thin sand and gravel which occurs above the chalk
bedrock north of the Republican Valley (2) the deeper buried ohannel im.
the Valley Reglon fllled with thicker water-bearing sands and gravels (3)
the unusually high chalk and shale bedrock south of the Valley and (4)
the position of the water table, sloping southward toward the Republican
Valley, as shown by the dashed line. The locations of the test holes are”
shown on the profile section and numbered (T.H.16, etc.) according to the
numbers shown on.the Ground-Water Map. The black shals shown in the pro-
file mection is the Carlile shals and the chalk iz a part of the Niobrara
formation. .
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Geologic profile, showing Republic -Rlver Valley at

[ ‘ 5
i Bxhibit /6 .
: Red Cloud, Nebraska
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#
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Geoipgic Profile Section C-D. This sectlon is located one-half mile
east of Red Cloud and extonds in a north-side direction from a point
12 miles north of the Nebraska-Kansas line (C) to the Nebraska-Kansas
line (D). Note the deep, sand- and gravel-filled channel in the
vicinity of test hole LO, the burled ridge near test hole L2, the
buried channel and relatively good infiltration area in the southern
part of the Republican Valley region and the high chalky shale bed-
rock south of the Valley. The dashed line, representing the water
table (top of the zone of saturated water-bearing material), slopes
gouthward toward the Republican Valley in the region north of the
Valley. The challky shale is relatively impervious and 1s a part of
the Niobrara formation of Cretaceous age. (Nebraska Water Resources
Survey, Water Supply Paper 1, Part 1)
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‘Exhibit’ /7. Geologlc profile, showing the Republican River Valley
west of Franklin, Nebraska '
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Geologic Profile Sectlon E-F. This section is located 1 mile west
of the center of the town of Franklin and extends in a north-south
direction from a point 12 milesfnorth of the Nebraska-Kansas state
line (E) to the Nebraska-Kansas state line (F). Note the increase
in thickness of the sand and %ravel northward between test holes

26 and 2L, the bedrock ridge in the vicinity of test hole 2L, the
relatively good infiltration area immedistely south of the Republican
River in the vicinity of test holes 29 and 30, the high chalky phale
bedrock (Niobrara formation) south of the Valley, and the relatively
thick loess cap both north and south of the Republican Valley. The
dashed line representing the water table indicates that the water
table slopes southward toward the Republican Valley. The chalky
shale is relatively impervious and is a part of the Niobrara forma-
tion of Cretaceous age. Variable thicknesses of limy sandstone
(Ogallala formation of Tertiary age) occur above the Niobrara forma—
tion and below the loess and associated materials in much of the
upland south of the Republican River. (Nebraska Water Resources
Survey Water Supply Paper 1, Part 1)
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L rflics 1

MAP OF THE REPUBLIGAN RIVER VALLEY,NEBRASKA
SHOWING
LOGATION OF OBSERVAT!ON WELLS AND CONTOURS ON THE WATER 'mBLE
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MAP OF WESTERN REPUBLIC COUNTY
AND NORTHWESTERN CLOUD COUNTY, KANSAS
Showing Water-table Contours Along Present and Ancestral Republican River Valleys

State Goobgiml Burvey Bulletin 73
of Eansas By V. C. Flahat, 1042 Plate 8
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SATURATE  THICKNVESS OF PLEISTOGENE MATERIAL

HARLAN, FRANKLIN AND WEBSTER COUNTIES
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Exhibit 20

SATURATE  THICKNESS OF PLEISTOGENE MATERIAL '
HARLAN, FRANKLIN AND WEBSTER GOUNTIES
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=3 < . 5 Table 45

Table #.5. Uireral constitumats, in'parts per wiliien, and related pnssicsl measuremeats of wells in the Bostwick Division
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| - Exhibit 22

i ﬁXHiﬂIT- DIAGRAM FOR USE IN INTERPRETING THE ANALYSIS
" OF WATER- SAMPLES *FROM WELLS
BELOW HARLAN GCOUNTY RESERVOIR
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GH1

From Lowry-Johnson Curve.
Average of Phillipnsburg, Kansas and Hastmngs, Nebraska used for March 29,
¥ansas used.

Average of Phillipsburg and Belleville,

\.

~— - e

Table 44 . Effective heat and anmual consumptive use for Franklin — Red Cloud Unit..g/ M s e
~a, (Unit - day-degrees)

Start of - ‘ ’ , o End of - . - Consump,

Year : Season ': Mar. : Apr. : May : June : July Aug. : Sept. 1 °°f2_ : Nov, : Season Total .Use in Ft.2
: 3 : : : 3 g 3 : o o %

1929 : Mar. 22 : 264 : 1,095 : 1,22L : 1,521 : 1,838 : 1,928 : 1,329 : 1,05k : 17 : Nov.-1 : 10,270 : 2.LS
1930 : Mar. 30 28 : 1,128 : 1,277 : 1,551 : 2,043 : 1,869 : 1,5L8 : 986 : 201 : Nov. 7.:10,631: 2.51
1931 : fpr. 2 = ¢ 93k :1,262 : 1,82k 1,972 : 1,761 : 1,740 : 1,212 : 3L2 : Nov. 11 : 11,047 i  2.57
1932 :“Mbr. 31 * 1,122 : 1,L76 ;1,623 : 2,02k : 1,851 : 1,L85 : 1,0L6 : - : Oct. 29 : 10,627 :° 2.51
1933 : Mar. 2b 253 21,035 £ 1,293 & 1,965 & L,9L1 : 1,696 : 1,695 : 1,209 : 92 : Nov. 3 : 11,189 : 2.60
193L : ¥ar, 28 61 : 1,158 : 1,72h : 1,902 : 2,2kl : 2,027 : 1,377 : 1,358 : LI7 : Nov. 13 : 12,263 : 2.76
1935 : Mar. 11 k2 ¢ 951 :1,08L ;1,473 : 2,046 : 1,900 : 1L,LLD : 955 : 1l : Nov. 2 : 10,575 :  2.51
1936 : fpr. 2 - 21,082 : 1,187 : 1,815 : 2,158 : 2,108 : 1,536 : 9l : - . oet. 27 . 11,05k : 2.58
1937 : Apr. 1 - o+ 978 :1,L19 : 1,605 : 1,9L1 : 2,027 : 1,563 : 1,110 : S7 : Nov. 2 : 10,569 . 2,52
1738 : Mar. 11 630 : 1,025 : 1,23L : 1,575 : 1,953 : 1,931 : 1,L73 : 1,132 : 1LkL : Nov. L : 11,378 : 2.63
1332 : Mar. 26 90 :1,035 : 1,578 : 1,811 : 2,0L0 : 1,755 : 1,728 : 1,228 : : Oct, 31 : 11,065 : 2.58
1910 : Mar. 25 195c/ 1,01k ¢ 1,376 : 1,70k : 1,987 : 1,720 : 1,563 : 1,383 : 162 Nov. § : 11,111 : 2.5%
19LL : Mar. 25 : 165 : 995 : 1,160 : 1,L88 : 1,8l : 1,776 : 1,L52 : 1,042 + 156 : Nov. 8 . 10,389 . . 2.L7.
19L2 : Mar. 2L 109 : 1,125 : -,332 : 1,k95 ¢ 1,89h ;1,699 : 1,299 : 1,162 : 70 : Nov. 3 : 10,145 : 2.L3
19L3 = Apr. 1 -+ 1,16 : 1,302 : 1,563 : 1,891 : 1,975 : 1,79+ 925 : - : Oct. 23 : 10,281 : 2.Lé
9Lk : Apr. S - : 633:1 LJL : 1,596 ¢ 1,782 : 1,736 : 1,L13 : 1,200 : 357 : Nov. 11 : 10,131 : 2.L3
LS : Mar, 12 730 921 : 1 O?éd/ 1,263 : 1,7L8 : 1,810 : 1,509 : 1,076 : - - : Oct. 31 : 10,133 : 2.L3
19L6 : Mar, L 895, 5 T,307 o+ LEOY 1 5708 ¢ L85k 1 5,078 1 1,955 1 1,000 0 195 & wev. A0 | 11,037 :  2.63
L7 ¢ Apr. 1 - 81% : 1,215 . 1,L55 : 1,767 : 2,0L3 : 1,650 : 1,50k : 201 : Nov. 10 : 10,653 : 2.52
Av. 10794 2 EF
a/ Based upen temperature records of Weather Bureau at Red Cloud, Nebraska
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Table 47 . Effective heat and annuzl consumptive use for Republic Kan. 2

T
(Unit - day-degrees) 5 AR
Start of End ol . Consump.
Year : Season : Mar. : Apr. : May : June : July : Aug. : Sept. : Cct. : Nov. : Season : Total :Use in Ft.b/
£ ¥ : 3 - : : : ; . 3 : BTG
1929 : Mar. 21 : "320 : 963 : 1,116 : 1,551 : 1,865 : 1,950 : 1,37L : 1,063 : 61 : Nov. 3 : 10,283 : 2 2.h6
1930 : Mer. 29 : 62 : 1,101 : 1,268 : 1,521 : 2,018 : 1,863 : 1,533 : 995 : L1 19,822 : - 2.5L

1931 : Mar. 30 : 15 : 978 : 1,255 : 1,797 : 1,916 : 1,727 : 1,761 :

: LL1

: Nov. 1L :

: Nov. 1l :

11,159 :

2.59

1932 : Var. 30 : 35 : 1,125 : 1,LLk2 : 1,623 : 1,965 : 1,7L5 : 1,383 : 1,107 J : Cet. 29 : 10,425 @ 2.L7
1933 ¢ Mar. 20 ¢ 293 : 1,023 : 1,311 : 1,9L1 : 1,888 : 1,677 : 1,61L : 1,172 : 125 : Nov. 7 : 11,0l : 2.57
193L : Mar. 30 ¢ 23 : 1,116 : 1,693 : 1,865 : 2,217 : 2,02k : 1,L01 : 1,357 : 375 : Now. 19 : 12,285 : 2.76
1735c/: Mar. 9 ¢ 785 ¢ 939 : 1,082 : 1,LM0 : 2,0L% : 1,538 : 1,LfS : 389 : 11D : Mov. § 10,697 :  2.52
1236 : Mar, 27 9k : 1,023 : 1,L97 : 1,82k : 2,16k : 2,117 : 1,L$7 989 : 79 : Nov. 7 : 11,28L : 2.%82
1237 :¥er. 25+ 50 : 966 : 1,h83 : 1,656 : 1,993 : 2,0L9 : 1,435 : 1,159 : 3LS : New. 10 : 11,317 :  2.52
1938 : Mar. 7 ¢ 777 : 1,035 : 1,203 : 1,608 : 1,953 : 1,955 : 1,632 : 1,53k : 231 : Nov. 9 : 11,94 ¢ 2,71
1932 : Mar, 18 : L2L : 1,01k : 1,562 : 1,47k : 2,0L3 : 1,776 : 1,716 : 1,295 : 362 : Nov. 13 : 11,870 :  2.70
19L0 : Mar, 21 273+ 933 : 1,395 : 1,666 : 1,975 : 1,720 : 1,518 : 1,420 : 28% : Now. 10 : 11,19k : 2.80
19L1 ¢ Mar. 23 : 189 : 1,062 : 1,L62 : 2,55k : 1,891 : 1,849 : 1,LSL : 1,085 : 289 : Nov. 1k : 10,915 :  2.55
1262 @ Mar. 20 ¢ 253 : 1,1L0 : 1,32k & 1,527 : 1,591 : 1,730 : 1,326 : 1,1%L : 2Ll : Nov. 10 : 10,636 : 2.51
19L3 : Mar, 30 : L9 : 1,107 : 1,162 : 1,563 : 1,826 : 1,956 : 1,428 : 1,1LL : 86 : Nov. 3 : 10,321 :  2.L6
19Lk : Apr. 2 0: 659 : 1,355 : 1,575 : 1,711 : 1,792 : 1,LLO : 1,212 : L89 : Nov. 17 : 10,233 : 2.lS
19L5 : Mar. 9 @ B35 : 939 : 1,197 : 1,335 : 1,7L2 : 1,810 : 1,527 : 1,206 : 339 : Nov. 11 : 10,930 : 2.56
196 : Peb, 28 ;1,020 : 1,251 : 1,221 : 1,7L6 : 1,900 : 1,7L6 : 1,377 : 1,088 : 15L : Nov. 10 : 11,505 : 2.6L
19L7 ¢ Mar, 28 : 138 : 882 : 1,2L0 : 1,LBR : 1,81k : 2,127 : 1,704 : 1,LE5 : 219 : Nov. 11 : 11,097 : 2.58
v gl
Av. 1,052 2.5

b/ From Lowry and Johnson
©/ Station moved tc Belleville, Kansas in 1935

a/ Based on Weather Bureau reccrds at Republiec, Kansas . .-

o L
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Table 4’2 Effective heat and annual consumptive use for iae Scandia Unit. 1/

(Unit - dsy-degrees) ; k- .
Start of End of Percent

1631 : Mar, 25 : 37 : 95L : 1,190 : 1,746 : 1,838 : 1,690 : 1,698 : 1,203 : 70 Nov. 8 : 10,476 : 2.L§
1232 : Mar, 27 : 137 : 1,053 : 1,398 : 1,593 : 1,848 : 1,739 : 1,392 : 1,032 : 196 Nov. 7 : 10,388 : 2.47
1$33 : Mar. 1L ¢ LO3 : 95h : 1,27L : 1,895 : 1,854 : 1,696 : 1,576 : 1,153 : 578 : Nov. 23: 11,386 : 2,63
193L ¢ Mar., 21 : 157 : 1,125 : 1,566 : 1,827 & 2,1A1 & 1,956 & 1,359 : 1,321 1 BHD  : ey, Y2 e T ) B

Year : Season : Mar, : Aor., : May : June : July : Aug. : Sept. : Oct. : Nov., : Seascn : Total : ~Mean
: : 3 : ) : 3 ¢ ] : : : :

1929 : Feb., 20 : 772 : 1,0Lk : 1,1h7 : 1,Lk82 : 1,752 : 1,795 : 1,326 : 1,038 : 135 : Nov. 8 : 10,566 = 2.50

1930 : ¥ar, : 130 : 1,107 : 1,2k6 : 1,512 ; 1,922 : 1,823 : 1,L97 : 958 : 611 : Nov. 20: 10,806 : * 2.5

‘435> : Mar. 1 : 830 : 897 : 1,030 : 1,022 : 2,006 : 1,835 : L,L6 : 973 : 189 : Nov. 13: 10,636 : 2,53
1936 : ¥ar. 15 : LSS : 978 : 1,l10 : 1,737 : 2,12k : 2,086 : 1,509 : 1,01k : 129 : Nove 9 : 1L,LL2 :  2.63
1937 : Mer. 21 : 123 : 936 : 1,L0L ; 1,593 1 1,722 : 1,456 : 1,533 : 1,094 : 29k : Nov. 10: 10,895 : 2,53
53% : Mar. L ¢ 771 ;966 : 1,19k : 1,532 : 1,533 : 1,50€¢ : 1,599 : L,LT9 : 27€ : Nov. 13: 11,618 : 2.5¢
1935 : Mer. 15 ¢ L35 : 957 : 1,510 : 1,523 : 2,00L : 1,755 : 1,677 : 1,27L : 533 : Nov. 20: 11,788 : 2.£3
19ud ¢ Mar. 18 : 355 ¢ 900 : 1,327 : 1,617 : 1,956 : 1,6L6 : 1,L6L : 1,380 : 7B : New. 10:'10,723 : 2.5¢
: : : : 3 ] : : : N, T 3 t
I9L1 : Mar. 20 : 262 : 990 : 1,Lh2 : 1,5h2 : 1,8L1 ¢ 1,80k : 1,LL6 : 1,017°: 520 : Nov. 25: 10,86k : 2.5

19k2 : Mar. 1b : 370 : 1,089 : 1,256 : 1,L9i : 1,903 : 1,683 : 1,284 : 1,132 : 389 : Nov. 15: 16,557
19L3 : Mar, 27 : 186 : 1,098 : 1,153 : 1,557 : 1,835 : 1,968 : 1,L01 : 1,187 : 192 : Nov. 9 : 10,L97 :
194k : Mar. 20 : L3 : 690 : 1,373 : 1,626 : 1,7L8 : 1,7h2 : 1,380 : 1,154 : 509 : Nov. 21: 10,305 : 2.L
19LS : Mar., 3 : 886 : BL3 : 1,169 : 1,308 : 1,720 : 1,770 : 1,L55 : 1,147 : 357 : Nov. 12: 10,655 : 2.5

e an
[y ]

. .
A¥ a1

1546 : Feb. 25 Nov. 1h: 11,245 :  2.61

: 983 :1,16L : 1,159 : 1,671 : 1,8LL : 1,67h & 1,3L1 : 1,088 : 2LO :
1947 : var., 25 : 141 : 879 : 1,11 : 1,L25 : 1,755 : 1,587 : 1,629 s 1,LL2 : 230 : Nov. 13: 10,629 :  2.51
Av. ‘_ﬁ /8,750 R

1/ Based on Weather Bureau temperature records at Scamdiz, Kansas.
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Table 49 Distribution of consumptive use for Franklin — Red Cloud Unit

(Unit = feet psr acre)

Year s Jan, : ¥eb, : Mar, : Apr, : May : Jume 3 July : Aug, : Septe : Oct, ! Nov. : Dec, t TOEI*“_*"
3 3 : 1 : : 1 ) ! : : T . 3 megor
1929 1 0,02 1 0,05 2 0.12 : 0.20 : 0,25 ¢+ 0.3L 1 0.47 1 0.k 2 0,29 : 0,15 3 0,07 : 0.05.: 2,45
1930 1+ 021 L0533 .13: ,20: .,25: .35: L8 : L51 .0 : ,15: ,08: .05 : ‘2:5\_1**:-_’
1 : : ‘1 : : : 1 H H : : H A
1931 ¢+ 03 : ,05: ,13: .21 ,26: .36: L9 : JLb: 31 3 L15: .08 : .05: 2.57
1932 1+ 023 L0531 132 203 .0251 o351 LUB 3 Sh5 1 30 1 LJA5: L0831 053 2,51
1933 H .03 H -05 t W13 : .21 ¢ 026 1 03‘6 : oh? H] lh? : .31 H -16 ] .03 H 005 3 2.&
1938 ¢ ,03 : 061 Az .22 : .27t W38t G52t 0 : .33 3 JA7:1 083 06 : 2,76
1935 H .02 H .05 b |13 : .20 .25 : -35 H .ha H ohs : lw : .15 : .08 H .05 : 2.51
3 H H 3 H : : H H H : 5 H
1936 : 03+ ,05: ,13: L2L: ,26: ,36: L9 : L6 : .31 : ,153: .08 : .05 : 2,58
1937 ¢+ 03 : 05: .13: .,20: .25: .35: W8 : ,L5: .30 ¢+ ,15: ,O8: ,05: 2,52
1938 4 o03 : 005 H |13 3 .21 3 .26 H 037 1 .% 1 .h? H -32 1 016 1 .03 1 .05 1 2.63
1939 : .03 : .05: ,13: .21 : ,26s .36 1 JM9s+ L6+ .31 : .15: D83 LO5 3 2,58
1900 ¢ .03 : 051 ,13: L2l : ,26 1 .36t L9 : L6 .31 : A5: ,08: ,05: 2,58
<y : : : 1 3 : : 1 : : 2 :
93 ¢ 02 : 0531 ,12: .20 3 .25 353 a7 s Gz .30 ¢ ,15: O7T: .05 : 2,47
942 ¢ 023+ LO5: 123 ,20: .24 : J3: W6+ Lk 29 : ,15: .07 : LO5: 2.43
193 ¢ 0231 053 123 .20 : .25: W3t LTt WML .30 : 153 07 : .05 : 2,46
9l ¢ ,02: ,05: 123 ,201 L2h: W3+ k62 JMh: .29 3 153 .07 : .05t 2,43
95 : ,02: 0O5: JO22: .20 .2k 3L b6 JMhke 29 3 15: L0731 .05 2,43
: : : : ! 3 : : 5 : 1 : 3
196 1 403 3 053¢ 133 4213 4261 3731 503 M7 32 3 161 083 05: 2.63
1947 ¢+ 03 : L0953 133 L2 : 251 .35: L8t JL5: .30 : 153 .08 : .05 : 2.52
[ : 3 : 1 : : 3 : 3 2 : H ?
Av. &a:i 265 213 420 o225 035 o.48 o444 0630 6,15 o.cf .05 254

61 a1ael
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Table $0O . Distribution of consumptive use for the Superior-Courtland and Courtlind Unit

(Unit - feet per acre)

Year

Jan.

Feb. Mar.

Apr.

May

Junes

July Aug.

Sept. 0ct.

Nov.

1929 :
1930 :
19311
1932 :
1933 =
193L
1935 :

1936 :
1937 :
1938 :
1939
19LO :

1941 :
19L2 :
1943
194k
19LS :

196
1947

0.02 H
.03 :
.03 :
002 H
03 :
<03 '3

02 3

23 :
03

.Q

“«03 ;
.03 :
03 :
.02 :
02

.02 :

.03 :

0.05 : 0.12 :

«13
13 =
.12 ¢
.13 :
Llbos
13

i s
W13
13
s i
+13 =

.05:
.05 :
0053
.05
.06
.05 &

013 H
+12 3
.12 H
W12 ¢
01.2 H

A3
¢13 3

0025 H 0-35 H
.25 @ :
«25 3
.25 &
.25 H
o7 3
.25

.26
.26 :
lf 3
ol
.26

.25
.25
.25 3
.25
$25 ¢

.26
.26 &

.35

36 3

135 .
135 :
38 ¢
35

35
36 4
.33
w3l
«303

J5
»35.%
035 :
o33
.35

.37
.36

Och? H Oohh :
I L6
L8 Lb5 e
47 s LS
L9 A7 e
052 : .50 :
18 L5 e

.50 L7 o
LB s L6 e
51 ¢ Lu8
.51 : R
L9 e R

U8 5
.h? : .LS .
oh? : tL-h s
L7 : Ll o:
.48 .U ¢

.50 : L7 f
L8 R

0.30 : 0,15 :
.15
.15
.15
.16
17 2
'01-5 H

oJO s
|_31 s
30
O
33 3
A0 :

3L ¢
W31
32 2
32
31 :

030:
.30 :
.30 :
.29 :
.30

.32
« 030

16
.15
.16
016 H
.15

015 ¥
«15
.15
.15 =
.15

A8
.15 ¢

0.07 :
* .08 :

cG? :
08
28

008 H

.

L]
NV
i e W B

[&]
L
[AS NS TS RS TN
&

(=]
Lt
N RN R R
L] . . . -
Vi Eeve W
oOwWn=—oon =

K
ny N
non
=—\w

Av.

:03

43

20

!2é

36

e Y .

F/

J/f

0f

ST 2,56

g/ Mean of consumptive use determined for Red Cloud, Nebraska, and Republic City ang Concordia in Kansas.
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Table 5/ . Distribution of consumptive use for the Scandia Unit 1/
(Unit - feet per acre)
Year : Jan. : Feb, : Mar. : Apr. : May : June : July : Aug. ¢ Sept.: Oct., : Nov. : Dec. : Total

1929 :
1930 :

1931
1932 :
1933 :
o3k ¢
1938

1938
R o
1738
1935 ¢
19LO :

3l
1%Lz
13L3
19LL
19L5

1915 :
19L7

0.02 :
.03 :

.03

.02 .
.03

L3 3

23

03

.23
D03

O3

.03

.J2
.2
02
.02

.03

033

.03 H

0.05

..

.05
.05

.05
.05
.06
095

05

3
.

05
35t

.05

05 -
-05 b
05
.05
.05 :

05
.05

0.

13 2

b I
<13

S
13 3
W12
12
.].3 :

Y3
13 :

12 1
13 :
13 :
12 :
13 :
i TR
el3 :

23
# 13 2

13

o .26 W37 s s
L21 25 .33 L3
22 3 27 ¢ et S
22 3 27 ¢ .36 =
W20 .26 .35 LE

f RO R R M
CO0QO0O
.

r
\,

. #
ny RS
o+

ve s w

0,20 : 0.25 : 0.35 : O.L7 -
.20 .25 .36 L8

20 : .25 : .36 : LB :
.20 : W25 ¢ .35 LT
21 % .26
.22 .27 ¢ o3¢ 52
.20 .25 w33 ¥ L8

SRS ]
AL O
)

n
@

LSS
vian
= e
(W8]
f
i
~]

W35 Lgoe

26 .37 i .30 :
.25 1 .35 : LB

0.15 : 0.30 : 0.15
«30

0]46 H
s

Ll
AT

.50
A5

[ -
o

P Mo
=

0o T

JLh5
Q':‘f
WL
LLbo:

L6

i

.30 -
.30
31 .

]

EY
(IS A=

3
3
3
.3

1

3 ¢
.30

2 4
2 :
1

+30
30
.30 e
.30 ¢

.15

35 ¢
.15
W16

o B

«i5 =

16
L15

0.07 :
008 -

.08
07 =
.06

o
P
a

P « & ¢ s s
L LD e D LD “
T T MR ingm PRARLw

07 ¢

o
o0
W
Y
- - - -
SE Eo

2

i
LRSI oS RS AN BELN
e .
\J}—-JSI:"\J’\ ALY
ny (O~

25 2.52
75 2.58
95 ¢ 258
05 : .72
.35 ¢+ 2.56
35 2.55
25 2.51
.JS H :’.‘.:8
.05« 2.Ls
2.54

6

35

-
(]
\¥at
P
3R
.
=l 1S ]

Av.

-0F

Lo

A5

.20 26  L36 7

S5

08

05 257

1/ Mean

of recorcds at Concordia and Republic City in Kansas

- KS002095
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Tehle $Z-- Precipitation at Red Cloud, Nebraska == Inches o e e
i
Year : Jan, ¢ Fec. 3 Mare.: Apr. : Vay : June : July : Aug. : Septe. : Oct, : Nove : Dec. : Total
= 1 3 : T 3 3 g : I -1 i T
1929 E .05 t 081 5 002 : 3 -46 H 3 027 $ 2.66 = 1 .}1 : 013 H 2 012 . :5 023 i 1 QO? : '% H 18.49
1830 : 1,76 : oA5 2 623 : &£.01 5,01 : 2,82 2 .33 3 2,12 W02 32,34 1 1642 @ W37 & 22,28
: : : o H H 3 : s : s P! : %
1031 1 J13 e s 2,4% : 2,38 1 4.20 £ 1,84 3 1.54 1 2,73 : 2,30 ¢ 2.03 2,87 3 #92 123,84
1032 1 1,74 58 1 .80 ¢ Bl 1,57 3 2.79 = 1,38 : 1.45 1.12 = 156 3 23 2 .33 3 15,17
1223 ¢ W14 @ 4 2 1,31 : 3.63 1 2,19 : 25 1 2,32 1 3,39 55 ¢+ T : W32 : 1,49 : 15,74
1534 3 031 - 1.68 3 -28 H .97 3 .35 2 2.9": H .37 ] 11’5’5 1 1.69 3 953 : - I oAt H 11-.94
1635 .0‘-': % .98 H .}E : oGl $ 5-91 H 3.22 H 1.00 H 4.40 H 4,45 ¢ 1.82 -] 1. 4) ¢ e H 24.‘52
H s H : s H : : H : : : :
1338 1 o34 @ A8 1 W20 : 1.8%F 2 3,73 ¢ O7 ¢+ 75 1 2633 ¢ 2.IT = w1l 1t ':'.’ r 38 1 12,38
1337 @+ .45 @ 56 1 o84 1 W35 : 221 s 2,34 3 4,58 ¢ W28 #57 & 1431 3 JE g 07 713,82
1338 ¢ W5 : 1,09 & 1.57 : 1.58 ¢ 2,53 1 1eR0 & 3,51 1 1e74 1 I.°0 1 AT 2 24 ¢ Wl 3 22,00
12333+ .45 ¢ 1.32  : 1423 3 1,55 = 2,45 & 5.8t 1 WST s SlE JOT s <22 3 0 : 1,32 2 18.80
1660 1 L85 1 1.07T ¢ 1.58 1.33 s 2.65 3 3.28 : 1.42 1 2.14 3 1.09 ¢ 1,02 1 S8 3 1457 & 18R
: : H : : " : : : : : : : :
1541 : .35 = o2 : 55 3 2,38 1 Z.T3 ¢ 2,138 : 4400 ; 2,55 ¢ SLEU 2.29 .52 1 1658 1 3E.C7
1942 1 1% = W70z 1,53 £ 3423 ¢ 2,17 & E.44 3 2.42 : 2.83 7.3 1 39 2 L78 1 1,71 1 28432
1843 3 o1l = o83 2 56 1 2.56 = W22 1 Bo1E 1 1,55 1 3,02 ¢ 22 s W36 2 J4 1 .27 3 15,89
1544 : 1.29 1 3 3 2.62 3 4,80 1 4,05 1 2,88 1 2.57 1 5.34 W33 s 155 1 1,13 @ W32 & 28,11
145 055 H .97 : .34  § 5042 H 5-97 H 2-66 H 4056 : 1.25 3 2-47 H 047 H 03 3 2.0‘- H 25050
H $ H H : H s : : H : t F
1946 : 093 H .09 H 1095 H 009 4 30‘53 1 4046 3 3094 2 1099 1 8.15 [ 3 4.02 2 1o94 1 .D& 4 30.95
1347 «91 H 31 : 1.24 t 3,33 t .26 1 4,61 3 2.26 ¢ 2.%7 : «95 3 0042 3 1.51 : 1,35 2 22.%2
s : : 3 3 : H : H s H H : .
3 & H 1 : : t 13 -3 d : H 3 -
FeFal t 727§ fAE 1ia V) % For 8 G003 8 SMuT R A T AL R\ e g EEE 3 ATET 3 B IR T
Ag, 3 965 1 0.77 1 S09 1 2A4¥F 1 F./6 : F.5C s 22, 3 240 1923 ¢ (3 1 ad/ 3 2:73 1 2U.5F

KS002096
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Table Si. Precipitetion at Superior, liebraska =-- Inches
Year : dJen. : Fed, : Mar, : HApr, : Mey 1 Junme: July : Aug. t Sept. t Oct. : Nove : Dece : Totel
a/? H T R ~ % H 5 T 1 T T T

12Ty .12 : .80 . oO7 : 4,00 ; 2.44 :2.37 ¢ 1,46 : 1.57 : 2.1 ; 4,58 : Z.05 : 0 : 23.88
183871 L4S @ 30 238 1 3436 3 Te22 312,31 : 1,23 .1 A 2 1,55 ¢ 1.% ¢ 1,78 ;13 1 22,21

: : : $ $ s 1 i z 3 ] 3 $
1831 : .20 3 1.49 : 1,30 : 3,19 : 5.04 : L8l ¢ 2,25 : 2.74 1.48 @ 1,82 : 5.46 : .55 24,41
1932 2 2.1 ¢ AT & «25 ¢ WAT 3 1,56 : 2,73 ¢ 3,30 : 2,01 6 : 2,52 ; 30 ¢ 26 ¢ 17,38
1233 007 : o8 : 1.90 1 2.72 1 1,35 : «32 t S b I 4 .46 : 1. 19 H T H 22 3 1.53 r 1?0512
1834 1 &28 + 1.15 W32 &' 3T 2 1496 : 2433 ¢ 29 1 B4 1 2,81 45 T3 1 W24 1 10,54
1838 ¢ LTI : 70 .26+ .43 : 6,52 : 5,21 4 $28 1 3.17 & 2,11 : 1,52 : 1,18 : .28 :  25.03

: H H H . H : : . H H H H
1Gs 3 .41 : L35 o238 1 3,42 .08 1 2.4E L8 ;D48 s Z.27 A2 0 FRS Y .57
1637 = 1aT4 ¢ 48 & 1,88 & 1,14 ;2,52 3 4,10 § 5,33 s 1,52 38 3 2,36 8 1 W08 21,41
1938 : «30 s 1,42 ¥ 50 H 2.46 H 7-02 r 3.97 } 5.32 3 2.26 : 2.28 : 13 : «30 s .06 : 27612
1939 H .54 H 1.09 H 2-‘;3 . 1|15 £ 2.2'3 - | 5-19 [ ] 1.27 |- ‘_:-23 4 4 H ¢15 H .0"! : Q?T : 19.16
1%0 H 169 4 .3 H 1-48 H 2.46 : 5 3455 H 2.03 k1 084 4 1'99 : 1-10 H 1042 {; 2064 H .99 3 EO-:‘}
1841 ¢ .71 : LB4 #90 z 3416 i1 7429 1 12.81: 2,33 : ST : 4,54 & 2.88 : 1.55 2,38 ¢ 35,45
1242 ¢ W28 1 o499 1 1,24 ; 2,81 172,13 1 S.73: 1457 : 7.40 : 6.96 @ 56 : «SC 1 1,77 26,74
1343 « 12 : 1,05 BT 13,20 2 2,17 ¢ 7,02: 2,05 ; 1.55 23 ¢ .14 3 22 1 L25 ;19,00
1844 ¢ 186 1 1,00 31 2,98 : 5,97 : 3.97 ¢ 4,69t 2.59 : T.57 1.7¢ : #39 5 1oBO 3 %5 ¢ 35,55
1945 ¢ o33 311,11 s .75 : Se34 1 5.35 2,37 5.20 1 3461 1 2025 1 .15 1 05 3 1.81 s 28.00

H : : z 7 : : i 5 t : t .8
1042 : .83 i W03 3 1431 : .16 : 2,65 : 2,525 4.57 : 2.30:: 6439 & 223 : 4423 : L03 28,76
1947 : odd 2 922 H 1,19 : 3010 12 .39 : 60213 1.15 1 +70 13 «£ H 38 1033 i 1072 B 19099

1 t t H s H H t H : : H 2

] 3 1 $ : i t L 3 t 3 3
Farml ¥ 775 % /7.4 1 Fnr: 147 Tz2rr F .5 & 3 287721 g E T AL Riger TS T 1 _;r:.F;___?,
Arp 3 6857 2 o074 %40./0 1 2.58 1 3471 4351 2.3¢: 2751 239 1+ 129 1+ L2F i 0,72 2 23.5v
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Table 54 , Effective precipitation for the Franklin . Red Cloud Unit l/

(Unit - feet)

Year :

Jan, @

Feb., :

Mar., @

Apr.

¢ July @

Aug. :

Sept.:

Octe :

1928 :
1529 :
1230 3

1931 :
1932 :
1933 :
193L -
2735 ¢

1935 :
1937 :
1538 :
1939
19L0

19L1 :
19L2
194L3 :
194k
19L5 :

1946 :
19L7

0.02 :
(0] :
b

001 H
.13
.01 3
L2 3

0

03
0

O

o'

.0k :
A7 ¢

.05 :
001 H
OL 3
010. .
ooh H

.07 ;
] 3 7

0.1L :
.O? .
oL

oL
.08 :
001 .
13 e
005 4

o) P
.05
009 H
.10 :
.08 :

07
06
.07 :
.06 :
.08 :

.01 :
002 H

0

02 :

.19
07 ¢
L1lh
02
001 :

l02 :
07 ¢
W12
.10
le ¢

.05 ¢
0 A
.05 :
020 H
07 :

35 4
.10 :

0.06 :

0.02 :
025 H
.28 :

'18 H
og? H
l26 :
008 H
W05

1
.-

01 :
27 3

.08 :
W12
413
A0

2L
el T
.20 :
30 s
#33 3

! May i June

0.21 :
uzh H
.32

-29 :
s i
37 ¢
05 1
.33 ¢

256
18 2
33 3
.15
.20 :

.20
ol? H
.07 =
028 H
.28 :

.2k :
2k 2

0.30 :
+eX. &
21

-11-1 :
-5
t02 b
ol s

.25

L0OE

2L

13 .

031 H

.EL :

30

5

22 :
.20 @

.30 :
030 :

oo

30

0.26 :
i I
.0? :

013 :
sl 3
018 :
03 2
£ .08 :

.06 -
27 -
.05

.lb :

0.27 :
001 H
.16 :

121 :
ik ¥
B
«10" ¢
.30 :

.18 :
D2 3
= b T
¢2}J :
I

A 3
2o
Pee: 3
.33
.10 :

a5
.19

0.%

-
-
H

.16 :
07 ¢

18
09
o)

.13
.30 ¢

.18

N .
CR¥AF) -
W22

01 :
009 H

32 :

:3& :

.02
.03

A1 s

Ak
ol

0.32 :
I2L H
.18

016 H
'clh H
0 :
L0l 2
b e

002 H
«1Q 3
0L
03 3
108 H

.18 :
.03 :
03
912 H
oL

28 :
03 ¢

8 3
.13 =

1529-U7

. A.05

Av.

&.Eo

c.o7

s d

672

0.23

2./6

L4

E./5

.07

C. L%

— fS3

E/ Based upon Red Cloud, Nebraska precipitation records.
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Table 57 Effective precipitation for the Supericr-Courtland and -Courtland Units. 1/ .

= T

(Unit - feet)

.01 .28
.03 : W2k

«25
s h

.32
15

018 : «d12 2

: :
: .07 :
19 : .10 : ,11

: .02

1929
1930

1931 ¢« .02 : .11 : 10 : .17
1932 ¢+ .16 : .0L .02 : .0kL—
1933 : 001 H -02 ols : -20
1934k ¢+ ,02 : ,09 03 : .03
1935 : 0 : 06 .02 & 0L

22
o1k

25
-02

TR TN TY
TR DT
: o

#s ®s as as e

w12 2 clh

 se se s &
o
f oo
T T

« 20
-ll 40? : 002 H 012 : lu32
.06 18 : ,02: .05 : .21 : .OL 00 @ ,02

WBbo: 3L .02 :.23 ; 28 : .12 : 09 : .02 :

o

"" »
s & as B0 ws &8 Be

)

.l. ot

=

o

DI TR
L]
o
=

:2h : .15

a8 ms 82 ms ws B% W8 b e
ms ®s ss me ms Ss 88 s
as Ba S 48 ss B8 ss 45 Ba

e s as ae w
& &8 @8 ®Sa & W W
LL] . .

[

-

\n

o

1936 : .03 : .03 : .02 : .25 : .16 : .19 : .01l : .19 : 2L : .03 :0 s 0L
1937 + .08 ; .oL : .1k :,09 :.20: .29 : .33 : .13 : .C5 : ,18 : .01 : .01 : 1,55
1938 ¢+ .02%: 11 : .07 : .19 ¢ J3L: .28 : ,33 : : . : : :

1939 ¢ .OL : .29 : W19 : .09 : 18 : .32 : .10 : .29 : 0 : 01 :0 s W06 1.37
9o+ 05 : .07 o+ 12 ;.19 ¢ .25 : J16: 07 : W15 : L0 : L1l : .20 : .08 : 1.5h

-

.

P—l

o

-

(%]

[a%]

o

=
Ll
=
'—I
0

9Ll : .06 : 0L : .07 .23 : 18 : .3L: ,18 : OE : . : : .

9L2 ¢ ,02 : .08 ;.10 : .22 : .16 : 3L : .12 : W3L ¢ W34 :.Oh :.0L : L1k : 1,94

19L3 ¢ .01 : N8 : .05 .23 : W17 : W3L: W16 0: .13 : .23 : W01l : .02 : .02 ¢ 1,25

wky : .13 : .08 : .22 : .33 : .26 : ,31: .20 : .3L : W14 : .07 : W1h : .OL : 2,28

19LS ¢ .03 : .09 : .26 .3 : .33 : W21 : J32: .26 : .18 : .01 :0 : W1h s 1,96
i i " . . . " . . A . .

146 : .07 10 i .1k : a0l ;.20 ¢ .25 : .30 1 .18 + .3b : .18 i .29 :
19157 H ooh H 002 H 009 H 023 H 021 H Oah : .09 H o% - .os - .03 H 010 : 013 : 1!39

.
o
=
L
0
o~

Av. G4 .05 09  F W22 E AT 47 SF Ao .09 5T 140

&/ Based upon S4gerior, Nebraska precipltiztion recoras.
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Table 58 . Effective precipitation for the Scandia Unit 1/ Pt
¢ &
(Unit - feet)

Year : Jan. : Feb. : Mar. : Apr, : May : June : July : Aug. : Sept.: Oct. : Nov. : Dec. Total
1928 : 0.01 : 0.16: 0.0k : 0.20: 0.10: 031: 034 : 0.3 : 0.07: 0.22: 0.9 : 0 '+ 1.87
1929 06 07: 0 : .32 A9 ¢ L28 .15 A0 2,22 27 11 01 : 1,78
1930 : 05 .01 : .02 .25 33 . .26 .17 b b .18 - 23 ;0 .m 1.79
50 s 0L F e Mhe B OF: e i Sz, afl an 20 : .07 : 1.9k
1932 : W10 05 07 ¢ 1l e 38 1 .25 Laho .16 19 00 .02 ¢ 1.81
1933 : .02 1 .15 19 o2 % i) it ey e P .25 8] : 07 & 06 ¢ 1,LE
193 03 J10 .02 .35 19 .2l 28 .05 1L .06 W18 02 2 1.18
1935 : Ol : 9% Oh: 06: 3b: 3L 10: .33: .3L 16 : .10 : 1 1.88
1926 : %5 . O s 18 Bl: 08 Bw Ly 80: 0Be B .. W30, 1.8
1937 : L1k 03 L8 Ol s 3 .18 .28 15 .13 12 ¢ wJE 2 .01 1.k2
1935 01 12 .09 +13 3L a2 .21 .26 12 o) A ¥ e 2 s B

_ 1939 .03 .09 .15 19 .26 2L 03 e W25 5 .05 oL 2L 145

- 190 :  JCL : 07 : J12: 13 : 12 : W09 : .08 : .25 . D7 ¢ .12 ;0 .20: ,10 : 1.LD

19
1542 -
19L3
9Lk .
19L5 .

1945 :
19L7

09
.02 :
0L
116 3
.05

.05 :
cOL :

OF 2
.11 :
.05
l09 H
.09 :

1
001 H

.08 :
116 H
‘95 :
.25
.09 :

ol 2
.16 :

J10
13 :
.18 -
32
.31

.07 =
27

b e
.25 :
533 H
227 3
I | T

a2
022 H

3b o
032 .
3 ¢
028 :
030 :

.29 :
b

1929-1,7
Av.

LT

Db

i/d

A7

)23

2357

«12 3

35 i :06 ;
.32 ¢ 3L
028 H al? H

18 -
Ol e .02

Al

HE v 5 g

30

.02

07
.05 :
.03 -
015 -4
.02

19 :
005:

2,02
1,99
1.55
2.L8
1.68

1 .96
1.L8

Mo

7 >

1/ Based upon the Concordia, Kansas precipitation records.
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‘  Table 57 . consumptive Wse Requircments of Irrigation Water

Franklin ~ Red Cloud Unit

Acre-fect per acre irrigated

Year  Apr. a/ May a/ June July Aug. Sept. Oct. Total
1929 0 0.05 0.13 0.3% 0.43 .13 0 1.07
1930 0 0 0 B .29 23 0 0.87
1931 0 0 T, LA .25 .13 0 0.88
1932 0 .02 b «37 .3k .21 .01 1.09
+ 1933 .02 .15 1 L3 20 L2 .16 1.5
193L .16 .2k .16 A9 Lo .20 .13 1.78
1935 +23 D .09 RIY 15 0 .01 0.58
1936 .15 .07 .28 3 .28 +13 .13 1.L7
1937 L1 .09 10, .18 A el .05 1.22
1938 | .20 .43 b .L0 .12 1.12
1939 .10 .08 .13 mhh 22 .30 .12 1.29
19L0 L0y 06 .12 AR .30 .22 07 1.25
11941 0 0 Q L .25 0 0 0.39
1942 0 0 0 Ll .20 0 .07 0.L9
1943 0 .17 0 ol .22 .28 T2 1.14
19LL 0 0 0 .16 o1 .25 .03 0.56
19h5 0 0 0 .12 Lah .10 11 0.67
1946 .15 02 .07 .23 32 0 0 0.79
1947 0 0 . 0 5 26 .26 .12 0.79
Average .06 T .05 09 .30 .28 .16 .07 1.0l

2/ Includes one-half of portion of Nov.-Mar. requirement not met

by the effective precipitation for that period.
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;l;hble G0, Consumptive lise Requirements of Irri{gat.ion Water
' Superior-Courtland and Courtland Units.

Aere-feet per acra irripgated

Year Apr. &/ May a/ June July Aug. Sept. Oct, Total
1929 0 0 0.09 0.34 0.32 0.10h 0 0,90 *
1930 0 0 0 el W38 .18 .01 0.82
1931 0 0 .21 .30 .26 .19 0 0.96
1932 0 .07 .18 .23 .30 .22 0 0.97
1933 .05 .18 .29 ¢ .26 o/ d 22 .16 1.33
193} .23 .23 .20 .50 s .12 .13 1.86
1935 +25 0 L0le L6 .22 .02 .03 0.99
1936 .0l .17 .17 Ly .28 .07 «13 1.35
1937 .13 .08 07 o 15 33 .26 0 1.02
1938 .07 0 .07 .18 .30 .10 .15 . 0.87
1939 W12 .09 .05 Ll L1y .32 .15 1.33
1940 .03 .03 .20 Ji2 .3 .22 .ok 1.25
1941 0 0 0 2l 37 0 0 0.61
1942 0 ) 0 17 .11 0 .07 0.3%
1943 0 .0k .01 .31 .31 .27 L1l 1.08
1944 0 0 0 o] .08 .15 .08 0.31
1945 0 0 0 0L .19 12 L1k 0,L9
19L6 .19 .06 .12 .20 .29 0 0 0.86
1947 0 0 0 .28 40 .25 .12 1,05
Average .06 .05 .09 <0 LT «15 00 0.97

3/ Includes one-half of portion of
the effective precipitation for

Nov.-Mar. requirement not met by
that period.
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‘Table 6/ . Consumptive Use Requirements of Irrigation Water

Scandia lUnit

Acrq:{gg} per acre irrigated

Tear  Apr. &/ May a/ June July  Aug. Sept. Oct. Total
1929 0 0 0,01 0.32 0.35 0.08 0 0.76
1930 0 0 0 .29 .J2 .14 0 ol
1931 0 0 .09 .26 L1 .15 0] N
1932 0 0] 0 . LB .10 L1 0 L2
1933 .07 .18 26 o 02 .23 .06 .16 1.18
1934 .20 .12 1) sl Ll .19 % 1.64
1935 il @ 0 B 1 32 0 0 0.61
1936 11 .10 .29 Ll 33 .01 .10 1.38
1937 .06 e - .18 21 31 .18 .03 1.09
1938 .1h 0 .03 .30 22 .20 .15 1.0L
1939 0 - 0 .13 L8 .20 .27 .11 1.19
1940 .09 .15 .27 Lo .20 .2l .03 1.38
1941 0 .01 .02 .3k .25 .01 0 0.63
1912 0 0 0 .10 .15 .01 o 0.30
1943 .03 0 0 .26 .39 .12 0L 0,8k
194k 0 0 0 0 0 .09 .03 0.12
1945 0 0 0 0 .28 o i) .13 0.53
1946 .18 .10 .08 .16 ;32 0 0 0.8L
1947, © 0 0 $27 At L29 05 1.05
Average .06 .ok .08 .26 25y 12 .05  0.86

g/ Includes one-half of portion of Nov.-Mar. requirement not met

by the effective precipitalion for that period.
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Table 63 . Diversion requirements for the Franklin Canal,
Franklin pump and Naponee Canal.
(Unit - acre=feet per acre)

Year : Apr. : May : June : July : Auy. : Gept.: Oct, : Total

0.05: 0.3+ 0.85: 1.02: 031 : 0 : 2.5h.
0 : O : N .69 Sho: O : 2.06

1929
1930 :

0

0
1931: 0 : 0 : J3: A 9 Jl: 0 : 2.0
1932 : D H lOS ? l33 : oﬁH : -HG : -50 : -02 : 2-58
1933 ¢ .05 : .36 : A1 0 .13 L7 Aho:o L3800 3.hb
193L .38 : 57 8 0 1,16 95 L7 1 2 bL22
1935 ¢ .55 T W27 95 35 O ¢ ,02: 2.08
1936 :+ .35 :  J17 : .66+ 1,02 : .66 : .31 : .31 : 3.L8
1937 : «33 : 21 3 26 A3 s 1.02 g2 : 12 ¢ 2.89

-
o

1938 H -31 H 0 H th? : ,Qh : 0%1 : ¢2h H lzﬂ H 2-65
1939 : 2h 2 .19 07 ¢ 1.0L .52 : oL .29 : 3,06
1940 : «21,: .1h «29 i 92 71 .52 A7 ¢ 2.96
1941 : © : 0 0 33 59 : 0 : 0 : 0.92
942 : 0O : 0 : 0 A3 i ST O s W16 @ 1,16
1943 ;@ O : 0 0 A3 .52 ¢ 66 .29 :+ 2,70
94 ¢ O : O v 0 .30 .26 62 .07 : 1.33
945 : 0 : O 0 28 ¢ Bl :  .2bh: .26 : 1.59
4 H H H H = : :
946 ¢ .35 : .05 :  L17 : WSh: W76 : O : 0 : 1.87
W9u7 ¢ 0 : 0 : 0 : .35 62 : .62 .28 : 1.87

—

Y
1y
fay

Av.. AN e LD o467  £.3¢ )8
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b il
S T : j_ -
'y, Tabler ¢4 . Diversion requirements for the Red Cloud Pump
(Unit - acre-feet per acre)
Igyr i Apr. : May June July Aug, - Sept. Oct. Total
g : 1 : : : ¥ :
1929 : 0 : 0.0h: 0,26 : 0,74 : 0.88 : 0.27 : © : 2.19
1930 : © : 0 0 : 12 59 ¢ L7 00 1.78
1931 : 0 : 0 : .29 , .Th ; .51 ; .26 0 : 1.80
1932 H 0 H .Oh H -29 H |(6 : -?0 : oh3 H -02 H 202)-]
1933 : L0l ¢ 3L W70 .63 Al .55 J3 : 2.97
1934 ¢ .33 A9 ¢ W33 1,00 B2 ¢+ bl L27 : 3.65
1935 : A7 0 : A8 B2 31 : 0 : 02 ¢ 1,80
4 : : : : . : :
1936 : 31 ; LAl e 57 .88 ] 57 .27 27 ¢ 3.01
1937 . .29 : .8 : ,23: .37 ¢ .88: L5 : .10 : 2.50
1938 ¢ .27 : O sl L7 J70 ;0 .20 .25 : 2,30
1939 : .20 :, W16 : .06 .90 A5 .62 .25%: 2,6L
940 ¢ ,28: .12: .26: ,80: .62: .5 : 1L : 2,86
WA : b 0 1 0 i .29: S1: o0 0 : 0.80
w2 : o : 0 : 0 37 ¢ W s o0 b : 1,00
w3: o : .35 : 0 J2 ¢ . 2 .57 .25 ¢ 2.3
W : 0 0 : o0 33 : .23 : .53 06 : 1,15 )
945 : 0 : 0 : 0 .25+ .70 : .20 .22 1 1.37 ‘e
1946 1 31 Wohn l: Tz 66 O 0 n 1.60
19h7 : 0 : D : 0 : w33 2 .53 .53 .25 : 1.62
A;'. 213 2,/0 2,77 &l -ﬁ,..";"'ﬂ £33 2.13 2,09
162 y
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Tabie'éi:. Diversion Requirements for the Superior Canal, Suﬁerior—
O Courtland Unit
(Unit - acrc-feet per acre)
Year : Apr. May : June : July : Aug. : Sept. : Oct. : Total
1929t 0 : 0 : 0.20: 0.8: 0.72: 0.3 :0 i 2.0
1930 :+ 0O : O : 0 : 63 .18 L0 ¢ .02 2 1,83
1931t 0 : 0 oz W7 : .67: .88: 2 :o0 2.1l
1932 : 0O ' .16 : .33 51 W67 & g oo : 2.16
1933 : i1l .hU : -65 : nsa T 038 H oh? 136 H 2-97
193k ¢ .51 51 W5 1,12 1,00 : .27 29+ L,15
1935 :+ .56 : 0O ¢ .02 : 1,03 : 49 :  .OL LT ¢ 2.A
1936 1 .09 : .38 : .38 : 1.09: .62: .16 : .29+ 3.0l
1937 :  .29': A8 ¢ .15 33 ol 58 0 : 2,27
1938 : .16 : 0O : .16 Lo e BT 2 22 W33 ¢ 1.9L
1939 : .27: 20: a1 : 91: JM3: .71 : 3Lh: 2.97
191-].0 : |07 3 -07 : -hll : |9h s -69 : oh? 2 .09 : 2;?9
Wl : 0 : 0 : 0 i 5L .B82: 0 : 0 i 1.36
9h2 : 0 : 0 : 0 : 38 2h: 0 : W16 0.78
193 :+ 0O 3 W09 02 : W69 : Wb69: 60 : L32: 2.0
94k : 0 : 0 : O 0 : .18 33 : .18 ¢ 0.69
195 - 0 : 0 : 0 .09 L2 27 2 W31 : 1.09
96 : M2: 3 .27: JAS: .65: 0 10 ; 1.92
947 : 0 : O : 0 ;.62 .89 : .56 27 ¢ 2,34
Av. &3 2.4/ e /7 A x 2p?  OFF Sl 2. /@
163

KS002108



o

!
I
|
I -
l
]

16%

LS ‘:-"
8 .
Table 6£¢ D&VE?SiOn requirement for the Courtland Canal, Superior-
L ,? Courtland and Courtland Units.

(Unit - acre-feet per acre) ’
Year : Apr. : May June : July @ Aug. : Sept.: Oct. : Total
19291 0+ O 017 : 0.68 : 0.62 : '0.27 : 0 .7k
1930 + 0 ;0 0 ¢,1|.l : .68 ¢ .35 .02 1.59
1931 : 0 o e, SR Hos P 8 5 186
1932 : O A3 .29 A5 o 58 J3 0 . 1,88
1933 : .10 : L35 ¢ L5060 W50 e L33 3 .31 ;. 2.58
193+ Whh s WSz .39 ¢ 97 @ W87 W23 .26 3.61
193 : LB : O . ,02; .82 . J3: .ob: .06: 1.92
1936+ .08+ .33 . 3 : .95 : WShi 3 .26 2,62
1937 26 ¢ 15 o 29 Al B0 0 +1.98
1938 : AL 0 o . L I .19 29 0 1.69 .
1939 : .23 L7 .10 LS 31 .62 29 . 2.58
1940 : .06 : .06 : 39 W8l .60 Ji2os LaB o 2.4
1941 ; 0 L0 0 L6 : 2 : 0 0 s LB
w92 : O o : 0 s W13y 21 : O ¢ WLz 0,68
w9ld ¢ 0 08 02 0 A A0 s FLC e 27 = 2410
w94, : O 0 : 0 : 0 b W29 15 080
1945 ¢ 0 0 : 0O 08 37 23 27 ¢ 0,95
MoU6 ¢ 37 W2 23 i Wi 56 0 c 0 : 1.67
1947 : O 1 O 0 : Al .78 L9 .23 2 2.0L
Ave ol A I L A .4

KS002109



'~ Table é7. Diversion Requirements for the Scandia Unit

(Unit - acre-feet per acre)

Apr. : May : June : July - Aug. : Sept.: Oct. : Total

: 0 : 0 0.02: 0.65: 0.72: 0.16: 0 : 1.49
0 : 0 4] 2 W59 : 65 : 33: 0 : 1,57
0 0 : 8: .S3: 28: 0. 0 . 1.29
0 : 0 0 : 37 .20 - .29 2 0 : 0.86

folr 37 .83 LB W7 124 03 2.4
CR I 2o el L0 .90 .39 .22 ¢ 3.3h
: A5 : 0 : 0 : .NH5 2h o0 : 0 H 1.2h

: 23 : .20 .59 .90 AT .02 70 2.8
. W12 .2L O7 5 W3 r 0 .3 7 3 06 & P
: .28 L06 AL 45 il 31 =+ 2102
: : : 27 .98 Al .55 22 ¢ 2,13
: .18 : .30 55 B2 A1 Lg o 06 2.81

.02 - ) .69 W51k 02 .0 : 1.28
: .20 .31 02 ¢ 08 : 0.61

53 L0 . 2l .08 1.7L1
O : 0 - .18 : .06 0.20h
0 : .57 2l J2F s 1.08

.06 :

Qo QO
CCoCQQ
Qoo

1 W3 r 0% 16: 33 A 0 2 0 2 L.
: 0 : 0 : 0 i W55 W90 & .59 A0 : 0 2.1k

- ——— e

Av.

- —_— — i

2./ 20K A SEE LS 2 2257 2.0 7
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i

‘fwgfaion requirenents for Franklin Southside Pump Canal -

2,070 acres

1,000 Acre=Feet

June Julg Auge Sept. Oct. Total

ll !? IDB 2!1 06 0 5.3

0 0 1.7 1.k 1.1 0 L.2

0 7 15 1.2 .6 0 b3

-1 o? loa 1;? 1.0 0 5-3

o7 p s 1.5 1.0 13 .8 7sl

1!2 OB 2Ih 2‘0 1.0 .5 BIB

0 W 2.0 T 0 =l L.3

oA 1.h4 2.1 1.4 0 6 T2

A .5 .9 2.1 . 1.1 o3 6.0

0 1.0 1.1 1.7 s ‘ 5.5

.h |1 2‘1 1'1 1#5 -6 653

i3 -6 1.9 1-5 1'1 |3 6.1

1941 0 0 0 a7 1.2 0 0 1.9
1942 0 0 0 .9 1.2 0 3 2.h
1943 0 .8 0 1T 1.1 1.4 .6 5.6
19LL 0 0 0 .8 .5 1.3 32 2.8
19'-.5 0 .0 O !6 1.7 ts 05 3'3
1546 7 A A L1 1.6 0 0 3.9
947 . 0 .. 0O 0 ol 1.3 1.3 b 3.9
Total 5,6 ' L5 9.0 27,6 26,5 1.9 61 9.2
AVB.. ' -3 o2 -5 105 luh .8 |3 5.0
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1,000 Acre-Feet

-

Pﬂig:ﬁ{oﬁ"‘rﬁquirments for Naponee Canal = 1,490 acres

May June July  Aug.  Sept.  Oct.  Total
1929 0 A ® 1.3 1.5 5 0 3.8
1330 0 0 0 142 1.0 .8 0 3.0
‘1931 © 0 & 1.2 .9 8 0 %51
1932° 0O e .5 1.3 1.2 a7 0 3.8
1933 5 § 5 1.2 1.1 o7 .9 .6 B.l
193h ‘6 CB 06 1-7 llh -7 1-5 6'3
1935 .e N 0 v3 l'h IS 0 1-1 3'1
1936 .5 3 1.0 1.5 1.0 .l 5 5.2
1937, .5, 3 b .6 1.5 8 a2 L.3
1938 15° 0 o .8 1.2 b b L.0
o 1919 ah -3 el l-s .3 1,1 .h hcé
Tk ;1 i‘? a3 02 -'.I. l-lh . 1-1 QB 02 h.h
gkl o 0 0 .5 9 0 0 1.k
Tr9ke 0o 0 ) .6 .9 0 .2 1.7
1943 0 . a8 0 1.2 N 1.0 b L0
1;% - 07 0 0 .6 <h 9 «1 2,0
!1.: b A 0 0 0 lh 102 oh Qh 2.1[
946 . .8 Jd 3 8 11 o 0 2.8
w0 0 0 2 .9 1.0 A Y28
Total ka2 3.3 6.5 19.6 19,0 108 Lk 67.8
Ave, 2 2 .3 1,0 1.0 .6 .3 3.6
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?/ Table 7!.; Diversion requirements for Red Cloud Pump = 280 acres
| 1,000 Acre-Feet

Year Apr. May June July Aug. Sept. Oct. Total

1929 0 0 1 2 0 & 0 .6

1930 0 0" 0 32 2 .1 0 .5

1931 0 0 .1 .2 .1 - 0 .5

1932 0 o] «1 .2 . el 0 .6

1933 0 !1 '2 !2 -1 01. 01 na

1934 i | i | .1 .3 .2 1 .1 1.0

1935 wl 0 i | .2 o1 0 0 .5

1936 -+ % | 0 .2 2 o1 X o & .8

1937 ll - .1 '1 ll 12 cl 0 .7

1938 | 0 o | o1 2 21, .1 o7

y 1939 01 o o 13 !1 |2 D t?
4 _1911_0 el 0 o1 .2 @2 - 0 o7
19l 0 0 0 1/ a 0 0 2
L1942 0 0 0 o1 % 0 % +3

1943 0 .1 0 2 .1 2 o .7
.19kl 0 0 0 .1 oX o1 0 o3

1945 0 0 0 i1 2 0 % | ‘

ke .1 o e A 2 B 0 .5
C19hT 0 0 0 i 3 P | .2 Ry d 5
Total 0,8 0.4 1.3 3.2 2.8 1.7 . 0.8  11.0

Ava, Q0 1 .2 o2 .1 0.6

s M
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826.8
L3.5

o}
1.4

11.2
170
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3

6.3

0
2'6

50,2

1946
Tot al
Ava,
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7.8
L
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0
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Total
. 21.8
20.0

Oct..

Sept.

Aug.

1,000 Acre-Feet
July

Lovewell - 12,500 acres
June

May

Diversion requirements for Courtland Canal in Kansas above

Apr.
0
.0

xuar:
1930 .

TabanSf,
1929:*

i

WD M Ay
- - - . -
0o

WO MmN
T s b
O Dt~ 2~

IRt g o
i S
e~y

Sedgg

Ll aall ndn B
L - - - -
B e e

.....

SV OoWY
- - L ] - -
Onva b~ 3

2 e un (o]
- o [
w0

3

oo Qo

CoO~QO

1.8 23.6
KS002118

6.7 3.6
113

6.8

1'2

.6
0
L

19L6é
1947
Ave,

_
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e, d ¥ b_‘l‘ -..f:.\.
--iEH'.;:: A L
Ry b

36,500 acres

1,000 Acre-Feet

3
: : ‘\
o :raplo?z &l Diversinn requirements for Courtland below Lovewell -
U

Year Apr. May June July Aug. Sept. Oct. Total
1929 © 0 6.2 2u.8 22.6 9.9 0 § 63.5
1930 0 0 0 19.7 2L.8 12.8 .7 58,0
1931 0 0 15.0 21.2 18.2 13.5 0 67.9
1932 0 L.7 10.6 16.1 21.2 15.7 0 68.6
1933 3.7 12.8 20.L 18.2 12.1 15.7 11.3 9.2
1934 16.1 16.4 1.2 35.4 31.8 8.4 9.5 131.8
1935  17.5 0 e 32.4 15.7 1.5 2.2 70,0
1936 ‘2,9 12,1 12.0 3h.6  19.7 L.B 9.5 95.6
1937 9.5 5.5 5.1 10,6 23.4 18.2 0 72.3
1938 5.1 0 5.1 12.8 21.2 6.9 10.6 61.7
1939 8.4 6.2 3.7 29,2 13.5 22.6 10.56 k.2
1940 2.2 2.2 14.2 29.6 21.9 15.3 2.9 88.3
1941 0 0 ) 16.8 26.3 0 0 L3.1
1942 0 0 0 12.1 7.6 0 5.1 24.8
1943 0 2.9 o7 21.9 21.9 19.4 9.8 76.6
194l 0 0 0 5.8 10,6 5.5 21,9
1945 0 0 0 2.9 13.5 8.4 9.9 3h.7
1946 13.5 L.k 8.4 1.2 20.4 0 0 60,9
1947 0 0 0 19.7 28.4 17.9 8.4 Tholy
Total 78.9 67.2 116.3 372.5 370.0 201.6 96.0 1,302.5
Ave, ll-|2 3-5 6.1 19.6 1905 10.6 5.1 68.6

174
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Tnlq?q 77. Diveraion requirements for Scandia Unit = 13,000 acres

1,000 Acre-Feet

Iaaf

M&Y June J“ly ADE . Sﬂptu Oct. Total

Apr.

20.1
20.1[

— ™
. .
O =T

™3
o

=1 =
O~

0
4]

1929
1930

DD~
MMAN O

Lo I I S |

- - A . -

o O D Ny
4

o M- o N- o N SR To
- - - - .
O S A @

™ D
~N SO O

s »
oQ3mMO

T
-
o~

L W |
.
=t~

22,9

7.0 6.7 3.2 1.4

2.1

1.1

1.4

Ave,

175 -
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1,000 Acre-Feet

Table 28. Return flow from Franklin - Red Cloud Unit - 18,215 acres

. Total

Jan. Feb. Mar. Apr. Uay June July Aug. Sept. Oct. Nov, Dec.

Year

17.0

4
59

'B
.9

o7
9

1.3
1.L

o9
1.0

1929
1930
1916
1947

39.7 32.3 28.7 359.1

2

21.7 21.5 2L.8 28,7 32.3 39.5 L3.

21.6

Total 25.1

18.8

1.1

Cable fo

1.1 1.3 1.5 Iy 241 2.3 2.1 17 1.5

1.1

1.3

Ave .

KS002121



LLT

SO - Table 77. Return flow from Superiar Canal - 6,790 acres __.;a,;'ﬁ__

1,000 Acre-Feet

Year Jan. Feb. Mar, Apr. Y¥ay June July  Amg. Sept. Oct. Nov. Dec.

1929 Wk W W .3 . 8 & & B B S .5 g
1930 N O 1 3 .3 A oA S .6 6 ) 5 U Sk
1931 3 .3 .3 A A .5 S .7 o7 .7 . .5 5.8
1932 -ll ah .3 o!} vh -S os l? 0? -? -S lS 6-0
1933 -b Ih lll 05 t6 t? 0? 09 100 l9 -? !? ?09
1934 .6 .5 .5 T .8 .9 1.0 1.3 1.L 1.3 1.1 .9 11.0
1935 .8 o? 07 -h l.l.l 05 -6 l? 0? -T 06 ls ?¢3
1935 L A 3 .5 6 it .8 .9 1.0 . .9 .8 7 8.9
1937 A .5 .5 b A .5 A 7 .8 o .6 .5 648
1938 -h n!.l l-l.l- ah oh u{l OS -6 OT 06 05 -h 5.7
1939 L o .3 .5 .6 .T .7 .9 1.0 .9 o7 w7 7.8
19h0 06 05_. 05 -S -05 06 -? 09 09 -9 a? 06 ?09
19h1 : -5 .5 '5 .2 -3 -3 '3 oh O.S’ -h oh l3 hoé
1942 o3 2 2 WL .2 ) o2 2 &3 2 2 2 2.5
1943 .2 X Pl ok .5 .5 .5 .B .8 .8 .5 .5 5.9
190l .5 o N ol o3 .2 og +2 .2 o2 2 o2 2.9
1945 o i ol h . 2 .2 .3 A NN B3 & 53 .2 2.8
19’46 -2 02 92 -3 oh lh OS 'o’6 o? 06 -S lh ‘5-0
19&? .h 13 -3 .h -5 05 06 I? '8 OT 06 Is 6-3
Total 7.9 ° 7.0 6.7 7.0 8.1 9.2  10.3 12,8 13.9 12,7 10.5 9.2 115,k
Ave, .h cll ) -Il.l --]-$ oh 05 . -5 o? v? g? -S ‘05 601

Ks002

1
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fﬂ.

TableZD. Return flow fram Courtland Canal in Nebraska - 2,960 acres
- 1,000 Acre-Feet
Year Jan. Feb, Mar. Apr. May June July Aug. Sept, Oct. Nov. Dec, Total
1o RO T TR R S Sl B S .2 .2 2 .2 19
1930 al a1l ol .l ol ol Y 2. o2 2 .2 -1 daT )
1931 . R | - a .1 a2 2 .2 .3 i2 % S .0
1932 o o1 . MR | 3 a2 ;. W2 2 3 2 .2 W2 2.0
1933 = .1 01 -_2 ,12 02 o2 03 ¢3 03 ¢3 o2 2.5
193k 2 o2 2 w2 23 .3 b b .5 A b 3 3.8
1935 3 .2 2 A L2 2 .2 o2 .3 .2 2 .2 2.5
1936 .1 01 01 I2 .2 12 -3 .3 03 .3 02 02 2.5
1937 2 .2 .2 il .2 o2 2 ) 3, &2 52 2 2.4
1938 .1 .l .1 ll Il .2 .2 ‘2 .2 .2 I2 .1 1.3
1939 ol .1 .1 .2 .2 .2 .3 .3 .3 o3 2 o2, 2.5
1940 2 .2 2 7 .2 2 a2 -2 3 <3 3 .2 2 2.7
a1 L2 2 . 1. S TR R A0 A 7 WS
1942 21 sl =1 ol 3 1 1 3 ol 1 ol sl 1.2
1943 ol 1 0 1 +2 ") o2 .2 .3 o3 o2 2 2.1
19Lh B o 5} 0 0 1 o1 . | A .l 51 Fy 8 1.3
1945 0 0 o 0 o %1 1 1 1 a1 .1 B .8
191{6 .1 01 0 cl .1 .1 -2 -2 02 .2 o 02 -2 .1:?
1947 .1 o a1 P | % 2 2 o2 .3 3t G2 .2 2.1
Total - 2.5 2.3 2.0 2.2 2.7 3.3 3.8 4.0 4.8 L.2 3.7 3.3 38.8
& ;
.2
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Oct. Nov.  Dec. Total,

Sept.

1,000 Acre~Feet
July Aug.

ﬁw June

Apr.

Mar,

Feb,

Table&/. Return figw from Courtland Canal above Scandia Diversion - 23,000 acres

Jan.

Year.

2 e ...no-?u.l.u.hmﬂx 8552'4 1..51.I|.—.1u-
cdd Widdd 85488 dduee

9.1u Mg M nma;quoucm nu:JLuLuao
L]
e HAEEH A A A A A = r=r=]

- L] - - - - .
~ o~ L e AT ] N~ AN o000

= O o M Lqﬂucghuo. J,O.ﬁrJny
- L -
NN 21122 OO0

~\0 OO O 60?6!“ 2?169
— NN M 22122 10200

WL == Mo .haos.h:c 16.. o O
L] . - A -
N~ Ao 21122 O~ 00

™V =20t~ 05303 (o, Vo R e b ol
- i - - -
L R B T N I [+ReRoNoNe]

o~ NP~ M ~0 nO..__UI;.w.h.-fD
. . - " & a
N~ N A A A OO0

Qo 11511,5Jm5J e LR
- L] L L
HG HArAMANA HAAMdAad ooFACO

[+ N o} NN O MO ONMM OMO MmN
- - Ld - - hd
oo OO ™ O~ ooACO

’ MO M= M
- L4 4 L] L4
HoomHo

1.0
1.3
1.0
0.9
1.3

o Oos =0\ OnM O N ONTD ™ MW M
L3 - L - -
oo cooMHAH OHMOO M HooAdAO

HO OHMHWNHA HAWNNOWN  d g
- . s 9 ® @ @ " 8 ® & 0 = & & a ®
HA OMMMAN MAAMAMAA AC0OCHO
B Ao NN RO
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1.2
17.5 18,1 17.9 20.8 2L.O0 27.0 32.7 35.8 32,7 26.9  2k.0

1.0

' Gk
20.9

1946
Total

1947
1948



Total
17.2
17.9
23.5
32.6
21.4

Nov. Dec.

.dct._

f.

elow Scandia Diversion 1/

Aug. &mr

(100 acre-fest)

May

Apr,

BReturn flow from Courtlénd Canal entering river b

Mar,

Table 82,
Feb.

Jan,
1.2
1.2

Year
1929
1930

Table ue
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why g

& e
83" 'Free
il evaporation pan records

(Unit - Inches)

Year : Apr. : May : June : July : Aug. : Sept.: Oct. : Total
1929 8/ 5.25 : 5,00 : 7.L9 : B.78 : 7.97 : 6.62 : - 1 L.l
1930 ¥ 5.0 : 6.30 : B.17 : 10.33 : 9.21: 6,00 : - : L5l
1931 ¢ L3 : 6.18 : B.95 : 9.65 : 8.99 : 10.9h : - .+ Lo.lk
1932 : 5.L6 : 6,69 : 6.29 : 10.38 : 8,94 : 5.78 : - ¢ h3.5L
1933 ¢ 6.4k ¢ 6.57 : 12,10 : 11.70 : 8.36 : 7.90 : - : 53.07
1934 ¢ 6459 : 10,10 : 11.89 : 15.3L4 : 12,27 ; 6.19 : - : 62.38
1935 : 6.85 : 5.17 : 6,49 : 12.36 : 10.6L : 7.08 :+ - : L8.59
: : $ : } H H .
1936 : 6.87 : 6.39 : 9,50 : 13.76 : 11.36 : 7.55 : - 55.43
1937 « 6.h2 & 7.91: 9.79 E/ll.l? : 12,18 : B.06 : 5.0L : 60.59
1938 : 6,13 ¢ 5.16 : 7.70 7 12,05 : 13.22 : 7.96 : 7.96 : 60.18
1939 : 6,27 & 10,01 : 11.52 : 1L.LO : 10.07 : 11.72 : 6.93 : 70.92
7N 19’40 H 5191 H T!BT H 9-?1 : 11.82 : ?-22 : 6nl|6 : 5.21 H 51[;20
! H : t H H H H H
1941 ¢ LWl : 6.3 : 705 ¢ 9.21 1 8,57 ¢ 7.71 : 3.11 : L6.37
1942 ¢ L.68 : 7.15 : 6.31 : 10.73 ¢ B.L9 : 5.37 : L.06 : L6.79
1943 = 7.12 3 6.23 : 10.75 : 11.0h : 11.31 « 6.79 : L.60 : 57.34
9Lk : 3.33 : 6,09 : 9.00 : B.,4h : 7.60 : .88 : 3.66 : Lk .00
1945 ¢ L.77 ¢ 6,00 : S.04 : 9.1L : B.77 : 7.46 : L.21 : LS.39
1946+ 6,94 ¢ 5,97 : 11.21 : 113k 1 B.68 : 6.91 : 3.69 . Sh.7h
L7 ¢ 3.33 : 5,52 6.47 : 9.69 : 12,19 : 11.06 : 7,11 : 55.37
19118 : 8076 : 7161 ?-63 : 5.211 : ?-S? H a.hl : 6.01 H Shphj
; . : i ; ; : :
Avg. + 50T+ 6,72 : B.65 : 10.98 : 9.68 : 7.59 : 5.13 : 5L.52

a/ April, 1929 - June 1937 are Bureau
readings multiplied by 0.%L.
E/ July, 1937 to present are U. S. Weather Bureau pan readings multiplied
by 0.70.

of Plant Industry sunken pan
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| Table &6 .
tu ) ¢ l,f .. )

y

il
v

Free water surface evaporation rates from Lincoln, Nebraska

.evaporation pan records. 1/

{Unit - Inches)

183

Year ; Apr. : May June : July : Aug Sept, Oct. : Total
1929 : 2.52 ¢ L.k : 5.15 @ 6.29 @ 5.66 : L.AL : 2.50 : 31.17
1930 ¢ 4,20 ¢ 5.19 : 7.3L : 10.03 : 6.36 : 5.98 .53+ L3.63
1931 : L.38 : 5,18 ¢ 7.27 : 7.88 : 6.89 : 7.4l : L.28 : 13.32
1932 ¢ Lk : 6.31 : 5.BL: 8.81 : 6.7L 984 ¢+ 005 ¢ 11,73
1933 : 'h!32 H SIEB : 90?5 : 6-7‘3 : 5105 : 5.5]-] : 3.79 H hO.hﬂ
193L ¢ 6.3l : 9.93 : 9.93 : 12.36 : 7.76 : L.l : 3.99 : BL.69
1935 :+ 3.7h ¢ 2,69 : L.B6 : B.35 : 6.87 ¢ L.SL: 2,25 : 33,30
1936°'; 5.73 1 5.35 & 7.52 ¢ 11.85 : 9.06 : 5.36 : 3.56 : LO.L3
1937 ¢ L.O1 : L.7h : 6.L7 ¢ B.32 ¢ 0.81 5.9L 3.63 ¢ L1.92
1938 : L.27 : 3.L9 .3 ¢ .59 2 T.0u Bo007 1 LS00 36.2L
1939 ¢ L.LL @ 6,61 6.11 : 7.50 : 06.17 5,90 1 3.79% : 11.52
1940 ¢+ 3.11 : L.35 : 5.89 ¢ .99 = L.30 .07 ¢ 3.21 : 132.92
1941 ; L.00 : L.99 : Lu96 : 7.55 : 716 : L.63 i 2.25 : 35.6L
1942 ¢ L.2Lh 2 3.92 .75 ¢ 6,57 ¢ 5.59 3.01 : 2.53 @ 30.61
1943 : L.77 : L.3S 5.5« 6.20 : 5.67 3.89 ¢ 2.97 @ 33.l1
19hh H 2-2'-‘ : h!hl : 5!36 : 6.29 : Stélli H }l?é : 2-J.D H 29580
J1945 + 2,80 : 3,18 : 3.97 : *5.08 : 5.25 : L.63 : 2,30 : 27.21
1946 ; L.31 ; 3.75 ¢ 7.29 ; 6,79 ; L.LO 31,18 i 1.85 : 31,57
1947 ¢ 2,22 : 3,88 L.+ 5.98 ¢ 7.22 o.05 ¢ 3.78 : 33,87
L : ; ; i :
A‘Ig. : ]-l-m : L.B? H 6-20 : 7-80 : 65110 : h-gh : 3-25 : 37-[]—1.
1/ ‘Weather Bureau pan records multiplied by 0.70.
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r3:‘:1‘;;1-5\: €7 . Gross evaporation rate at Harlan County Reservoir 1/

(Unit - Inches)

Year : Jan. : Feb, : Mar. : Apr. : May : June : JulL: Aug. : Sept.: Oct. : Nov._:_De:. : Totel
1929 : 1.00 : 1.20 : 2,20 : L.78 : Lu75 ¢ 7.0k : 8.25 & 7.3L : 6,09 : L.70 : 2.65 : 1,20 : 5130 iv"
1930 : 1.00 : 1.20 : 2.20 : L.92 : 5,98 : 7.68 : 9.71 : 8.L4B : 5.52 : L.70 : 2.65 : 1,20 27552l _,:
1931 : 1.00 : 1.20 : 2.20 : L.03 : 5,87 : 8.L2 : 9.07 : 8.27 :10.06 : L.70 : 2.65 : 1.20 : 58.67

1932 : 1.00 : 1.20 : 2.20 : L.97 : 6,36 : 5.92 : 9.76 : B.22 : 5.32 : L.70 : 2.65 : 1,20 : 53.50
1533 : 1.00 : 1.20 : 2.20 : 5.86 : 6.2l :11.38 :11.00 : 7.69 : 7.27 : L.70 : 2.45 : 1,20 : 62,39

153L ¢ 1.00 : 1.20 : 2.20 : 6.00 : 9,60 :11.18 ;2L.L2 :11.29 : 5.70 : L.70 : 2.45 : 1.20 : 71l.1L

1935 : 1.00 : 1.20 : 2.20 : 6.2 : L.91 : 6.10 :11.52 : 9.79 : 5.52 : L.70 : 2.45 : 1,20 : 5€.13

1936 : 1.00 : 1.20 : 2.20 : 6.25 : 6.07 : 6.93 :12.9L :10.L5 : 6.9L : .70 : 2.65 : 1.20 : 6L.53

1937 : 1.00 : 1.20 : 2.20 : 5.8l : 7.32 : 9,20 :10.52 :11.20 : 7.L2 : L.6L : 2.65 : 1.20 : 6L.59

1938 : 1,00 : 1,20 : 2,20 : 5.58 : L.9C : 7.2L :11.33 :12.17 : 7.32 : 7.32 : .85 : 1.20 : 6L.11
1939 : 1.00 : 1.20 : 2.20 : 5.70 : 9,51 :10.83 :13.5L : $.26 :1C.79 : 6.38 : 2.55 : 1.20 : 7L.26

19L0 : 1.00 : 1.20 : 2,20 : 5.38 : 7.L8 : 9.13 :11.12 : 6.6k : 5.9k : L.79 : 2.65 : 1.20 : 58.73.
1941 : 1.00 : 1.20 ¢ 2.20 : L.OL : 6.00 : 6.63 : B.66 : 7.88 : 7.10 : 2.86 : 2.65 : 1.20 : 51.39

19L2 : 1.00 : 1,20 : 2,20 : L.26 : 6,79 : 5.93 :10.,09 : 7.8L : L.9k : 3.73 : 2.4 : 1.20 : 51.80

1943 : 1.00 : 1,20 : 2,20 : 6.L8 ; 5.32 :10.11 :10.38 :10.L1 : 4.25 : L.23 : 2.65 : 1.20 : 62,03

19hk = 1,00 : 1.20 : 2.20 : 3.03 ; 5.78 : 8.46 : 7.9L : 6.99 : S.L1 : 3.37 : 2.65 : 1.20 : L9.23

l9h5 H lIOo 3 1120 H 2-20 H L.BL H 5.?0 H Ll?h H 8'59 H B.O? H 6.86 H 3;87 H 2!65 : 1'20 : 500h2

196 : 1.00 : 1.20 : 2.20 : 6.32 : 5.67 :10.5L :10.66 : 7.98 : 6.36 : 3.L0 : 2.5 : 1.20 : 59.18 ,
1947 : 1,00 ¢+ 1.20 : 2,20 : 3.03 : 5.2 : 6.08 : 9.11 :11,21 :10,18 : 6.5L : 2.55 : 1,20 : 59.6L

Avg. : 1.00 : 1.20 : 2.20 : 5.11 : 6.33 : 8.19 :10.L6 : 9,01 : 6.9k : L.67 : 2.65 : 1.20 : 58.96 .

o3
1/ (Apr. - Sept.) 1929 through 1936 and (Apr. - Oct.) 1937 through 19L7 based on correction . 3
factors for Hays, Kansas. Other months estimated from Meyer's maps. (Apr. - 0.91, May - 0.95, 5
June - 0.9L, July - 0.9k, Avwg. - 0.92, Sept. - 0.92, and Oct. - 0.92) el B :

-1
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Table £€ . Gross evaporation rate at Lovewell Reservoir y’

(Unit - inches)

Year Jan. Feb., Mar. Apr. May June July Aug.  Sept. Oct. Nov. Dec, Total
1929 : 0.95 : 1.15 : 2.10 : 2.82 ¢ L.L7 : 5.9k : 6.79 = 6.00 & 5.35 : 2.72 : 2.55 : 1.15 : 11.99
1930 : 0.95 : 1.15 : 2,10 : 4.70 : 5.60 : 8.00 :10.83 : 6,74 : 6.9L : L,9L ¢ 2,55 : 1,15 : 55.65 @
: : H H a H : H H : : . i -
1931 : 0.95 : 1.15 : 2.10 : L.90 : 5.59 : 7.92 : 8,51 : 7.30 : 8.63 : L.66 : 2.55 : 1,15 : 55.h1
1932 : 0.95 : 1.15 : 2,10 ¢ L,97 : 6,82 : 6,36 : 9.5 : 7.1k : 6.L2 : L.kl : 2.55 : 1.15 : 53.53
1933 : 0.95 : 1.15 : 2,10 : L.8L : 5.70 :10.63 : 7.28 : 5.35 : 6.L2 : L.13 : 2.55 : 1.15 : 52.25
1934 : 0,95 : 1.15 : 2,10 : 7.07 :10.72 :10.52 :13.35 : 8.22 : 5.12 : L.35 : 2.55 : 1.15 : 67.55
1935 : 0.95 : 1,15 : 2,10 : L.19 : 2.90 : 5.30 : $.02 : 7.28 : 5.26 : 2,L5 : 2,55 : 1.15 : LL.30
1938 : 0.95 & 1.15 : 2.10 : 6.12 : 5.76 : 8.20 :12.75 : 9.60 : 6.22 : 3.88 : 2.55 : 1.15 : 50.75
1937 : C.95 : 1.15 : 2,10 : L.L9 : 5.12 : 7.05 : 8.98 : 9.3L : 6.89 : 3.956 : 2.55 : 1.15 : 53.73
1938 : ©.95 : 1.15 : 2,10 : L.78 : 2.77 : 5.79 : 8.15 : 7.L7 : L.72 : L.90 : 2.55 : 1.13 : L7.L.8
1939 : 0.95 : 1.15 : 2,10 : L.97 : 7.1k : 5,56 : .10 : 6.5k : 8.00 : &.13': 2.55 : 1.15 : 53.hb
1350 : 0.95 : 1,15 : 2.10 : 3.48 : L.70 : 3,12 : B.42 : L.56 : L.72 : 3.50 : 2.55 : 1.15 : L3.90
19LL : 0.95 : 1.15 : 2.10 + L.L8 : 5.39 : 5.40 : 8.26 : 7.58 : 5.37 : 2.L5 : 2.55 : 1,15 : 16.83
1942 : 0,65 : 1.15 : 2,10 : L.75 : L.23 : 5.18 ¢ 7.10 : 5.92 : 3.L9 : 2.76 : 2,55 : 1.15 : L1.33
19L3 : 0.95 : 1.15 : 2.10 : S5.3L : L.70 : 6.0L : 5.75 : 5,01 : L.LS ¢ 3.2L : 2,55 : 1,15 : LL.LS
194k : 0.95 : 1.15 : 2.10 : 2,51 : L.76 : 5.5L ¢ 6.79 : 5,98 : L.36 : 2.29 : 2.55 : 1.15 : 40.L3
19L5 : 0.95 : 1.15 : 2,10 : 3.1L : 3,L3 : k.32 : 5.L8 : 5.56 : 5.37 : 2.51 2.55_: 1.15 : 37.71
1945 ; 0.95 ; 1.15 : 2,10 L..83 : L.0s : 7.94 . 7.33 . L.66 " 3,69 : 2,02 : 2.55 y 1.15 : L2.L2
19L7 : 0.95 : 1.16 : 2.10 : 2.49 : L.19 : L.73 : 6.L46 : 7.65 : 7.L8 : L.l2 : 2,55 : 1,15 : L5.02

vz, GRS LIS 200 40 52 677 g 45 47§ 577 355 5585 48T #2845~

}_/ Nov. - Mar. e‘sfr,imate'd from Meyer's maps. Apr. - Sept. based on correction factors for records
at Lincoln, Nebr. (Apr. 1.12, May - 1.08, June - 1,09, July - 1.08, Aug. - 1.06, Sept. - 1.09,
and Oct. - 1,09) :

NG 9TaGL
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Table 5/ . Net evaporation rate at Harlan €ounty Reservoir 1/ s
' (Unit - inches) ' L
Year : Jan. : Feb, : Mar, : Apr. : May : June : July : Aug. : Sept.: Oct. : Nov. : Dec.;T&i’al
1929 : 1.00 : 0.60 ¢ 2.20 : 1.30 : 3.0L : 5,68 : 5.12 1 6.5k : L.Ok :-0.0L & 1.00 : 1.20 : 31.68
. 1930 ¢ 0.20 : 0.95 : 2.20 :=0.7L : 1.75 : 3.28 : 7.66 : 3.h3 : L.73 :-1.1k :=0.32 : 1.20 : 23.20 -
i : - - : : s 3 : 3 : : - :
1931 : 1.00 :-0.90 : 0.30 : 0.81 : 3.91 : 7.10 : 6.28 : 3,81 : B8.23 : 2.80 : 0.05 : 0.85 : 3L.2L-
1932 :-0.90 :-0.70 : 1.60 : 3.16 : 3,66 : 1.82 : 8,21 : 6.79 : 1,91 : 3.93 : 2.55 : 0.80 : 32.93
1933 : 1.00 : 0,80 : 0.70 : 0.21 : 3.26 :10.55 : 9.67 : 2.98 : L.h6 : L.70 : 1.75 :=0.25 : 39.83
1934 : 0.90 :=0.15 : 1.55 : k.90 : 8.53 : 6.05 :13.11 : 9.85 : L.32 : L.33 : 0.85 : 0.L0 : 5L.65
1935 : 0.75 :,0.70 : 1.70 : 5.11 :~2.38 : 1.58 :10.85 : 5.9k : 3.8L : 3.95 : 1.15 : 1.20 : 3L.39
1936 : 0,90 : 0.75 & 1.95 & 5.51 :=0.36 : 7.93 :12.02 : 9.59 : 2.97 : L.70°: 2.60 : 0.L0 : L8.96
1937 :~0.20 : 0.50 : 0.28 : 5.L3 : L.68 : 5,93 : 8.06 : 8.2L : 5.82 : 3,11 : 2.55 : 1.15 : L5.55
1938 : 0.75 : C.65 : 0.93 : 2,67 : 0,12 : 5.63 : 9.74 : 8.56 : L.88 : 7.32 : 2.65 : 1.10 : L5.02
1939 : 0,30 : $.25 : 1.06 : 3.71 : 6.58 : S.LL :12.56 : 6.81 :10.L1 : 6.38 : 2.65 : 0.70 : 56.87
190 : 0 $ 0,70 : 0.88 : L,L9 : 3.36 : 7.83 : 6.53 : 5.75 : L.23 : 3.16 : 1.55 : 0.50 : 38.98
: : : ! 3 : : 2 : 5 : : : :
P 1941 :-0.,20 : 0,50 : 1,50 :-0.86 : 3.59 :-3.55 : 2.20 : 1.69 : L.58 : 1.96 : 1.56 : 0:20 : 13.39 -
@ 1942 : 0.65 : 0.65 : 0.32 : 1.07 : L.92 :=0.27 : 9.66 : 3.L2 :-1.33 : 3.2 : 2.00 : 0.30 : 2L.81
19L3 : 0,90 : C.50 : 1.50 : 1.38 : 5,30 : k.30 : 8.1L : 8.64 : 5.54 : L.,11 : 2.37 : 1.10 : L3.88
19k :-0.37 : ©.28 : 0.70 :-L.19 : L.O7 : 6.07 : 1.82 : L.71 : L.93 : 2,28 : 1.29 : 0.9k : 22.53
19&5 : 0-36 +H O-ah : 1'90 :-0.51 : 2.8? : 00-'-53 : ?-19 H 6069 : 5-58 . 3-53 : 2-65 H 0039 : 31-92
1946 : 0.65 : 1,10 : 0.63 : 6.32 : 0.52 ; 840 : 7.39 + 2.57 : 1.62 1-2.18 : 1.03 : 1.20 : 29.25
19L7 : 0.81 : 0.96 : 1.78 : 1.05 : 2.5k :=2.22 : 6.81 : 9.96 : 9.58 : L.B83 : 1.23 : O.L1l : 37.7L
Avg. : 0.M8 : 0,18 ¢ 1,25 : 2,05+ 3,05 ¢ L.32 : 8,05 ¢ 6,12 ¢ L,75 : 3,22¢ 1.6k : 0,73 ¢ 36,31
3
1/ Gross evaporation less precipitation at Orleans, Nebr. Negative values indicate the amount 51
T that precipitation exceeds gross evaporation. &
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Table 9Z . Net Evaporation at Lovewell Reservb%r a/

Oct. : Nov. : Dec. : Total.

Year : Jan, : Feb, : Mar. : A May : Jupe : July : Aug. : Sept.:
1929 ¢ 0,79 : 0.35 : 2.06 1= O.bb 't 0.64: 1.75 ¢ 5.2 : 5.21 : 3.86 1= 140 : 1.29 + 1.13 : 20.46°
1930 : .24 : '7313 L1764 5 1.78 ¢ = .02: 5.94 : .97 ¢+ 5.27 : 5,19 : 2,92 : .83 : .93 : 34.57
1931 ¢ .71 ¢ .63 : .02 : 2,03 : .46:6.70 : 6.73 : P72 1 2,55 : - 774 L2 : 31.72
1932 : -1.49 : 26 1 1,32 00 : 5.2G: 2.63 : 7.82 : 5, s 4, : 1.8l : 2,40 : .85 : 34,28
1933 :- .83+ 1.07 : .06 : .1.93 : 3.83: 8.90 : 4.24 : .35 : 5, L.OL : 2,28 : - 45 : 3213
1934 73 2 =-.52: 1.71 : 5.99 9.90: 7.87 :13.08 : 2 3.98 ¢ 1.69 : .77 : 5L.63
68 I Sl 141 2 .99 : 16.28.

1935 33 1 W09 ¢ 1,53 :

1936 : .58 : .88 : 2,05 :
1937 : = .54 : YA L0 :
1938 : @ t= 0T ¢ T.22:
1939 : W27 ¢ 40 B4
1940 : .10 .20 .25 .

: -5.26: -.98 : 8.97 :

3.64: 6,43 :12.71 :
t 2.79: 1.81 1 5.51 :
: -1.63: 3,55 1 .73 ¢
: 3.87:-4.59 : 7.65 :
: 1l.86: 3.83 : 6.63 :

.36 ¢ 48.37
98 ¢ 33.36
1.13 : 20,28
43 3 26.55
.05 : 20.89

- -
EF o
- -

WROWE  WWn N
. - :
n
N R o0

T TR T Ty

W B
OO Urin o
LEZ8IE IJIJLYR BEREG

e o N

941+ 06 : .69 : 1.27 : .67 : 3.41:-5.28 : 5.73 :
1942 : .80 : AT ¢ 092 1 .97 : 2.40:-1.17 : L.36
19,3 + .89 ¢ .26 : 1.8, : 2,08 : 2,33:-1.48 : L.93
1944 : =76 : .50 - .56 : -2.98 1.58: 1.64 : 2.94 :
19L5 : 50 ¢ 27 ¢ 1.65 : =l.45 : =2.00: .87 : 2.04 :

o N \..J‘I‘\)\ANIL'
1

-

BERRVRE UWALHET FB8wWE E£R

PO pWU-am WO Wi W
[REY o

e we
.
.

- e
I N el et T A wno=3 M M N0
B O OO D O‘t:uo\d o~ wablkhggég

-
pHEbD
:
.
N
-3
-]
3
- e -
™
L]
o
L]

1946 : .27 : 1AL i W31z 472 ¢ .63t 5.68 : 4.2 : 2.98 ¢

L7 . W54z .95 W48 : »1.37 : 1,55:-2,90 : 5.%%_: 7.05 :
Av, : $ H H £ : : : : : : : )

;929-#?: 231 ¢ 47 : 1.C0 : 1.99 : 1.86: 2.17 : 6.18 : 4.47 : 3.19 : 2.12 :. 146z 42 s 25,64
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1
ho
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3
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a/Gross evaperation less precipitation «t Burr Oak, Kansas. ! i
Negative values indicate the amount that precipitation exceeds gross evaporation. o
5
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i Exhibit 2%

1931 1932 1933 1934 d 1938 1936 1937 B3s 1839 1940 1941 ez - 1943 1944 1945 1946 15947 SOI UNITED STATES DEPARTMENT OF THE INTERIOR
= 1 . ! 637 ' ' R 1] BUREAL OF RECL AMATION
e i__ 1 ; . 50
i | i F MISSOUR] RIVER BASIN PROJECT
! i i 0 3 BOSTWICK DIVISION
5
: w . RESERVOIR OPERATION
1 i, - E LOVEWELL RESERVOIR
4 ] 5 é
. ACRES IRRIGATED 36,500
i Bl ﬂmlﬁi 1 &.AJ.L_II ill 3 1I_J b s AFTER 50 YEARS OF OPERATION
1 = azi Steroge 36,000 Acra-feet
! t mﬁ:g 12,000 Acro~feat
LOSSES .
- Transportation 3%
: T . Form Wosteand Desp Percoiaticn  23%
e T T 1 1% .
' | i ! 2o
: i &
: f i || = EXPLANATION
] o<k
i - g INFLOW
_' #fla 4 i i 0.0 Spiln=Harlan Go. Res E
I I-”' h n E 1 o Sloroble occretion of Rep River .
: = k . I ° g balow Harlan Go. Res m
a White Rock Graek flows ==
: PROJECT DEMANDS
. - e a0+ Supplied by -
[ | ‘ 605 ‘ I[ Horlon Ca. Res,
i I ; 20 o dceration of Rep. Riv. below
,’:]. | i | i ﬂ:- 20 g Harlon Ga Res, or spills from
i = ' i T 1 4 Harlan Ce. Res. EEE
H o f | ! i sald & I White Reck G or Lovewsl| Res. [
Pon T i ; ' ' B i ¢ w SHoRTaGE =
ot i Hm : : Al ik il e & RESERVOIR CONTENT AN
T n RENEPEA I Oy ™
S Y | [N N (AN P Fam
VoA LU LA AT Y i dnd)
bishei - ':""' ;li"" :" ] shetmicirvatricd 'n‘“s i bt Sl i S _3‘!'_:_'“ g e e o e ity e o E
f | | I o ¥
1931 1932 1933 1934 1938 193z 1837 238 1939 1940 1241 1942 1945 19486 1247 . -
: —DEC_ 1852}
205 o AL
— Ll Ll LU LI LY L0 LU L I L L L) LI L] Ll L Ll

KS002147



Table 95 RESERVOIR OPERATION SUMMARY . Table 95 :
: HARLAN CCUNTY AND LOVEWELL RESERVOIRS
UNIT 1,000 A.P.

HARLAN COUNTY RESERVOIR ¥0;000 Asren

Evap. Desiand on Rgs, Content
and Above Below end of

LOVEWELL RESERVOIR 7

Yonr Inflow Se Lovewell 11 Year Spills  Sho
. i 250,0 BT, - -
1929 3hh.5 7.9 126.7 32,8 171.8 235.3 0 22.4 0 4.1
1930 500.3 20.0 126.3 U.h 250.0 214 ] 27.1 7 6.4
1931 265.6 29.4 86.4 N 167.3 204.9 0 42,1 5.3 6.4
1932 179.3 27.4 Tu.b b 161.4 53.8 o 31.7 1.8 6.9
1933 238.4 31.6 90.9 59.7 196.7 20,9 .0 16,5 209 ALl +5.3
1934 184, 6 38,1 163.9 13.1 ?.9 35.5 75.2 13.0 1.6 28,7 7.2
1535 72,1 28.2 5.1 30,8 290.0 L27.2 1.3 98.4 0 17.9 3.9
1536 245.7 37.8 134.0 50,3 110.7 142.9 *0 2.0 1.9 369 9.1
1937 136.4 28.2 52,6 Lé.e 87.8 o 8.3 25.4 0 306 5.0
1938 215.6 3.3 75.9 22.3 170.9 0 ] 11.0 0 561 L.0
1939 206,2 L5.5° 96.7 54,0 3.4 £7.5 o L7 38.0 2.9  45.6 b7
1960 . 106.5 2.8 _'17.3 72.6 82.6 Thot 1.5 2..8 o 26.3 3.5 883  20.9 o
1961 626.5 124 7 90.7 ) 1.0 250,0 355.0 . 0 36.8 78.9 38.1 153.8 3.0 43.1 36,0, 93.6
1548° 583,0 23.5 21,9 [ 250,0 537. [+] 19,7 16,9 10.8 147.4 4.1 248 36, 118,
1943 21.9 36,2 ga.8 59.7 120,8 © 166.4 o 30,3 61.7 ] 92.0 5.0 76.6 15.8 80.3
1944 527.9 2.5 4.9 0 250,0 _  342.3 0o 25.5  79.9 2 105.6 2.7 2.9 28.8 68,0
1945 304.1 28.7 68.1 7.9 207.4 2,2,0 o 67.7 B2.8 0 150.5- 3,5 " 347 158 133.2
1946 527.1 27.3 76.3 0 - 250.0 380.9 0 27.8 , 69.9 42,2 139.9 Aied 60,9 36,0 54.7
1947 841, 2 213 9.9 23,9 171,8 591,3 - 0 35,3 23,1 19.L 7.8 3.7 68.0 0 =
Total 6771.9 57.1  1740.8 656.5 ~78.2  LOSL.9 159.2 335.9. 915.6 '200.8 52,3 92,6 12941 -24.0 7461  656.5
Ave. 356‘..'. 28.8 91.6 .6 - 4.1 213.9 8.4 7.7 48.2 10,5 76,4 4.9 62,1 =13 39.3 34.6 )
. b B ",
Definite Plan Inflow wied in this study irrigating 90,000 acres of which 36,500 are under Lovewsll ' zzi_,g
- x ¥ ; ‘{
Short
Franklin & Red Cloud 18,250 Courtland, Kansas * Shortages 1934 75.2 4.7
Superior 6,790 above Lovewsll 12,500 1535 1.3
Courtland, Mebraska 2,960 Bolow Lovewell 36,500 1937 8.3 1.8
Seandia %g,ooo 190 Thot 15.6
Total, Nebraska . 28,000 Total,"Kansas ,000 . '
' 3 M ;8
R ] CJ 12
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l"“"i'ablogb

1929 344.5
;193% 500.3
1931 . 265:6
,1933 ©.238.4
- 11934 T 164.6
51935 241
PR AR e
'1936 2457
11937 1364
1938 1215.6
1939  206,2.
1940  106.5
1941 626.5
1942 - 583.0
1943 211.9
1944 527.9
1945  304.1
1946 527.1
1947 6642
AVB - 356 tt'

1/ Basin study inflow.

Summary of Harlan County Operation Study serving 80,000

acres without Lovewell,

Evap.
and

: Year Inflow 1/ Seepage

27.4
20,0

29.1
26.9
32.0
375
26.8

T 38.0
. 27.5
33.2

435
21.6

12.5
23.5
35.8
21.6
28.3

27.0
28.7

28.5

Demand
on
Reserv.

168.3
169.1

132.6
114.5

154.0

261.7
121.5

190.5
134.6
111.7
155.7
179.5

121.8
3443
142.1
42.6
89.8

114.3
149.0

136.0

Content
end of
Year

165-3
250.0

159.9
152.8
202.7

85.9
250.0

113.0
87.9

158 06

112.2
82,

250.0
250.0
117.6
241.6

194.0

250.0
159.0

202

Spills Ac.ft.

233.0
227.0

194.0
45.0
2.5
41.3
41%.0

154.2
0

0

53.4
U ¢

324.8
528.2
166.14
339.7
233.6

329.8

577.3

203.6

Shortagas

6.9

Percent

1.6
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Table 9 ;

Table 97 RESERVOIR OPERATION SWMOURT
HARLAN COUNTT AND LOVEWELL RESERVOIRS : #
UNIT 1,000 A. F. )
s S 90,000 ACRES
< LOVENELL RESERVOIR
Inflow to Lovewell Reservoir

HARLAN COUNTY RESERVOIR
Dezand on Reservolr

Bvap. Content ) Short- €p. pills Bvap, Depand Content Depand "
and Above  Belew  End of Short- age.in § Rock River from Total and on Eod of O g
Year Inflow Seepage Lovewell ILovewell Year Spills age of:C.'Us Creek Flow Harlan Inflow Seepage  Rea, Yoar Spills Har <
.250.,0 36.0
1529 329.L 28.8 126.7 32,8  165.2 225.9 O . 2.8 24 o 35.2 L2 63.5 18.1 18.2
1930 k2.2 19.8 126.3 bk 2500 15k 0 b 271 o0 36. 6.3 58.0 13k 1.3
1931 2k2.7 29,0 B86.L 321 8.9 1963 o0 ° 10.8 . Lk2,1 321 85.0 ' 5.9 67.9  29.3 27.h
1932 3.8 26.8 Th.b ‘29,7  ALB.7 831 0 6.0 3.7 1.8 39.5 1.1 68, 15:5 7.3
Y G 1933  120.0 26.8 90.9 80.3 91.1 o 20.k L.2 3.7 ¥%.5 o0 20,2 L.§ gh.2  -16.9 0
ﬁ‘? 44 1938 125.2 29.8 163.9 127.5 76.5 0 181k 369 .1 13.0 O w1 T2 131.8  19.5 0
;37 L1935 e7a1 3hlg 7.1 309 250.0  323.8 10.7 2.3 9.5 98k © 17.9 3.9 70.0  36.0 - 5A.k
T3 - 1936 17k 37.1 13L.0 50.L 76.L 126.2 " 0 3.0 22,0 1.9 36.9 9.1 95.6  15. 2.8
gt e 1937 97.3 23.1 92.6 Lé.8 7.4 1] 6.2 B.9 5.2 25.bL o 3C.6 5.0 72,3 15.9 0 g !
/8 25 1938 13L.2 26,5 75.9 22.0 87.2 [} 5.1 1o o 56.1  L.2 6.l 16.1 12,3 22.0
1939  131.9 33.L 96.7 5L.0 7.3 0 36.3 9.2 L.7 380 O L2.7 L9 9b.2 13.6 .1  5L.O°
B e 1540 6l.5 18.5 117.3 7.1 73.1 0 1L5.8 29.2 .5 2.8 o 26.3 3L 88.3 20.9 [¢] 72.7
3 1941 51L.9 11.8 90.7 .0 20,0 235 O 3%.8 78.9 38,1 153.8 3.3 k3.1 36,0 93.3 1.0°
k2 533.0 21.6 21.9 o 250,0 L8Y.5 O 19.7 116.9 0.6 *1L7.2 3.9 2L.8.  36.0 118.5 o
19k3  187.9 35.9 88,8 bg.7 10Lk.5 159.0 © 30.3 L7 0O 92.0  L.9 76.6  15.9 80.3  L9.7
1wk LE9.2 21.3 | 3u.9 o 2L0.5 277.0 © 5.5 %9 0O 5.k 2.8 2.9  28.5 £8.1 ] g
53 1945 27e.9 28.3 68.1 1.9 203.2 203.9 © 67.7 B2.B o 150.5 3.4 3.7 5.8 133.0 7.9
19k6  L25.7 25.7 16.3 38,2  25C.0 238.7 © 27.8 é9.9 © 9.7 AL £0.9  36.0 51.7  38.2
7 o~ 19L7  633.0 27.3 99.9 23,7  165.2 * 566.9 © 35.3 231 15.L 17.8 3.5 66,0  12.0 56.0  23.7
- L3
Total S56LS.0  506.0 17L0.8 73kl -BL.B 3209.7 LEC.B 335.9 915.6 113.9 1365.k 910 1293.8 -2L.0  73%.7 73kl
Ave, 297.0 26.6 91.6 38.6 -L.5  168.9 2L.2 17.7 LB.2 6.0 7.9  L.B 69,1 =1.3 38.9  38.6
"Compact study® inflow used in this study, irriu;ung 90,000 scres of which 36,500 are under Lovewell.
%, ke
203
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OPERATING REPORTING

GOSTS

CosTs

Paid by Bureoy of Reclamation

Paid by Corps of Enginaers

Paid by Weothar Burecu

>p o

Existing Precipitotion Stetion

Proposed Pracipitation Stofion (Y. 1954)
Exisfing River Station k
Proposed River Station (F Y.1954)
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Exhibit 27

.?cm]
P ““Hacly

OPERATING REPORTING
TS |

COsTS

Paid by Bureou of Reclamation *

Foid by Corps of Enginears

Poid by Weathar Bureau

g;iﬁfwmﬂk L-w ﬂ“a"

Existing Precipitation Station

Proposed Precipitation Stotion (FY 1954)
Existing Rivar Station ’
Proposed River Stotion (F Y.1954)

LOCATION MAP

NEBRASKA
KANSAS

ma-v o

mw
WISSOURI RIVER

SNITED araTay
TN NTEA oA

KANSAS RIVER BASIN:'
FLOOD WARNING NE TWORK
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EXPLANATION

FOTENTIAL mate cosTRcTEw
ey
Drernion sos —— ———
Canats. g ey gt o
] L] ]
Pemping phett O '

Irripated baeds
irripubis lende

L T T g —

—_';"va;._.

ST

—Fixed-F.Y. Radio Station (L0,700 kilocycles)
lgi_;ﬁ.xed A.Y¥. and F.M, Radio Staticns. (Above

Frequencies)
=== Central Control Station Communication Lines.
(Exiswing)

—— Cther A.Y¥. Cormmication Lines. (Existing)

RADIO HETUCRK LG

~

rgit) i ’

Indicates approximate radius of fixed existing
T.Y, Station within which communicetion with
mobile units will be fairly relisble.

Indicates approximate radius of contact with
=obile units of fixed F.Y. Station to be
installed at some future date in the Bosimick
Division. Future installations fer other
divisicna are not shomn.
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Exhibit 28

:, Fadic Statiem (5237.5 &nd 3257.5 lkilooysl
a__ _Fixad F.1, Fadio Statisn (43,700 Lilocycles)

Bl _Tixed 4., and F,}%. Badis Statl-ns. (dbove
froquencies)

== Jentral Centrcl Stzticn Cermunication Lines.
(Seisting)

—— Cther A.Y. Commanication Lines. (Existing)

F.4. Statlon within which communication with
mobile tnits will be fairly reliesble.

Indicates aoproximate radius of contact with
robile units of fixed F.YX. Station %o be
installed at some future date in the Bostwick
Division., Future installations for other i
divisions ars not shown. ¢ t ¥

[T

"RADIO NETWORK-KANSAS RIVER DISTRICT

T Foemuty twg, 7-110-38

T R Bt pestet
KANSAS RIVER BASIN
FANTLT - AL BRL L - COIRASE

QIR

B s K il
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Table 77 . Storage delivery from Harlan County Reservoir ™ - i SRR

Basin Study Compact Stu i

Year  Nebr. Kans. Total g Nebr. % Kans. . Nebr. Kans. Total --% Nebr.
1929 2,.9 59.9 8.8 29.4 70.6 28,7 54.2 .82.9 34.6
1930 31.0 58.3 89.3  34.7 65.3 41.3 61,5 102.8 L0.2
1931 23.8 50.0 73.8 32,2 67.8 29.8 52.7 82.5 © 36,1
1932 3.4 45.5 77.9  L1.6 58.4 35.3 46,3 8l.6 43.3
1933 35.9 68.2 104,1 34.5 65.5 55.9 8l.5 137.4 40.7
1934 50.1 95.1 145.2  34.5 65.5 26,0 39.7 65.7 39.6
1935 21.2 34,7 55.9 37.9 62.1 24.3 28,2 52,5 46.3
1936 42.8 84,.0 126.,8 33.8 66.2 63.2 88.9 152.1 L1.6
1937 . 12.2 173.0 85.2 14.3 85.7 9.5 20.8 30,3 31.4
1938 3.4 29.0 32,4  10.5 89.5 10.6 37.9 48.5 21.9
1939 35.4 8l.2 116.6 30.4 69,6 19.5 56.6 T6.1 25.6
1940 12.2 50.8 63.0 19.4 80.6 T § 9.9 15.6 36.5
1941 0 L.0 4.0 0 100.0 0.5 10.0 10.5 4.8
1942 0 0 0 0 0 0 0 0 0

1943 3.7 79.8 116.5 31.5 68,5 L7.5 8l.6 129.1 36.8
1944 6,0 0 6.0 100.0 0 10.4, © 10.4  100.0
1945 2L.9 17.5 L2.,  58.7 41.3 27.0 18.5 45.5 59.3
1946 6.2 11,9 18.1 34.2 65.8 11.2 12.3 23.5 L7.7
1947 18,0 Lkh.2 62.2  29.0  T71.0 24,7 LL.,2  68.9 _ 35.8
1929-47 417.1 €87.1 1304.2  32.0 68.0 L71.1 744.8 1215.9 38.7
193040 300.4 669.8 970.2  31.0 69,0 32,1 524.0 845.1 ° 38.0
194247  91.8 157.4 249.2 36.8 63.2 121,3 166.6 287.9 4L2.1

STg

0
)

~KS005155

El



{r

\-J_
2] of ®lo]| o ¢ ' USES OF WATER IN NEBRASKA
L A [_5—_"-‘0“'*- ok ‘qRreks |racnonman cn | meo witiow cnlmeoicive cn. [ seaven
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EXHIBIT 29
USES OF WATER IN NEBRASKA '
[ USE N.FORX REP Iagg:F‘cungs FRENGHMAN CR | RED WILLOW CR I MEDIGINE CR. | BEAVER CREEK | Sa CR MAIN STEM REP TOTALS
I comeacTl BASIN | coMPacT BASIN | coMPacT. BASIN JcouPacT] BASIN |coMpacT|BASIN |compacT] Basin |comract | masin | compact| sasin | compacT] BASIN
'_'_'1_““"_“‘_'_""____— Y I ————_—_—__—_—_——t =
"u':ura‘ Qe ey AL 52 | se 5.0 6.1 311 | 29.0 9.9 0.6 23.4 178 28 28 L& e luo.s |ie.e 1919 | 194a.0
(1114 590 | 50 .2 1.2 1.0 | is.0 o8 os | os 0.5 o2 9.2 0.2 0.2 2.8 2.5 2.0 258
9\%‘5‘.&!;10'45 | eo | oo 00 0.0 0.0 o0 0.0 0.0 | omp° 8.0 T L 0.0 5.9 0.0 8.5 0.0 .__uﬁ il KT
ToTAL 1oz |ios T2 T3 se1_leso | wy [ue laso [ 7o | s .0 e.r l-ove .z % |iFje - ‘g 5
"L compact aviocariont 11 e ! 1o 7 ro 526 | sz.8 a2 4.2 ~46 a6 "7 &7 a8 88 | 132.0 |132.0 | 234.59] 2345
—— i ] .o .
an:tudu 0.4 presen! use on Praoirie Dog Creek in Nebraska. . 30y
2/ inciudes allocations 1o other tributaries os follows: Arikares, 5.3, 5.Fork Republican, 0.8 ;
Driftwood Cr., 1.2} Prairie Dog Cr, 2.1 . ’
v
oy o
* 3

e :(_COLORADO
4" NEBRASKA

AVERAGE ANNUAL USE OF WATER BY STATE 3
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COMPACT STUDY vs ’BAS[N STUDY
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COMPACT | BASIN [GCMPACT | BASIN | COMPAGT N [BASTN [COMPACT| BASIN |CORPACT | GATTN T “”"‘55""&5’" THE W TERIOR.
R g i CHissoom; RUER iﬁ%“mﬁ;:cr’
DEWVEL T, 0.0 [-X] 6.7 7.9 .1 4.1 6.3 5 1.e o7 TT.9 230 105.6 1222
PRESENT USE g L REPUE.L!GAN RIVER BASIN
o S 00 9.0 4 4.8 ©.0 Q0 0.2 Q32 9.8 0.4 0.0 00 5.5 5.5 ) F WATER
DEPLETIONS. 11,3 | oo 2.0 0.0 2.2 o P.6 0.0 0.0 0.0 179 0.0 .} COMPACT STUDY VS BASIN STUDY
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Table79. Flow of Republican River passing liebraska-Yansas State Line based pn Oparation of Harlan County and Lovewsll Reserveirs -

Irriration releases Ul'.usablelnabural flow Reloases
from Hsrlan Co, e pageine Nebp, -¥uns, Stata Line ______uer reloases Spills Shortaze  and Usable
ourtla Courtland Sourtland Jourtland ] Diverted - go Nat. flow
Xansas sbove Xansas below Scandia Yansas above Kansas below Scandia ver Loss THS Relsazes to Eansas erossing
Year Lovewell lovewell Unit Lovewsll Lovewell Unit Kansas Scandia Lovewall Lands State Line
(632 () [€)] )] GY [€3) (8 )] 65 1 iz
19.7 32,8 10.4 2.1 5.8 3.0 0 3.2 0 7.9
20.0 EVNN 10.2 o 16.1 1.0 0 3.2 0 8.9
23,1 32.1 5.9 0.2 16.9 T4 o] 2.8 32.1 121.5
13.3 29.7 0 5.3 2.k 4.8 0 0.6 1.8 8.9
17.3 20,3 6.8 15.1 16.5 15.8 0.8 3.8 0 7 2.3
&2 127.5 16.9 1.1 13.0 19.4 ol 6.4 o 125.0 Shab
17.0 30.9 4.2 7.1 41.3 9.6 0 3.2 0 ok 105.9
25.3 50.4 1L.9 7.5 20.4 15.5 o} L.8 11,9 T 1507
18,1 L6.8 9.9 6.7 25.4 12,5 0.3 3.2 o L5.6 7.3
12,2 22,0 v bl 9.0 29.4 10.6 ] 1 2.2 g .4 91,8
26.9 54.0 2.4 5.5 37.9 12,6 1.4 bl Q 2%L.9 117.9
23,2 .7 15.5 7.2 2.2 12,1 0.1 5.0 o 100.4 50.2
.8 1.0 0 "o 1.9 0.8 0 0 38.1
0 0 - 0. 8.5 1.2 7.9 ‘o 0 10.6
23.6 59.7 6.5 2.8 12,5 8.6 o 3.2 0,
0 .0 0. . 7.5 é1.8 3.1 0 0 0 .
9.6 7.9 o 2.3 0 3 0 Ly 0 :
3 OSSN <t 3N v R 25,1 10.4 0 L% 0 we
bl - 2.9 0 8.1 0o 3.2 5.4
IR b (% K 396.4 157.6 2.7 51.0 | 13.9 317k,
£ A - 5.2 20.9 8.3 0.1 2.7 5.0 16.7
256 " 7 se008 93.1 647 266.1 n2.3 2.7 3.3 15.8 N7.4 . 1320 3
22,3 52.8 + 8,5 5.9 2.2 10.2 0.2 - 3.5 4.2 28.9 102.9 :
ey - : i . g D
T S RE e i TS ;
s
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- . Table 99

Table77. Fiow of Reputlican Ziver passing Nebraska-Yanszs State line based on Operation of Harlan County and Lovewsll Reservoirs - "Comdact Study" November 1952 v

iration releases Urusable natural flow 3 Relsases Unusable Unusable Total Total ...
m Harlag Co, Res, e Nebr,=fans, Statae i Other releases Spills Shortage  and Usable  wagte Spills Unused flow m "
.~ Courtland Sourtland Courtland Az TR = Diverted - tg ¢ - - -.MNati:flow passing frem
*ve "' Kansas below Scardia Zmnsas above | Kansas below  Scandia  River Loss - PHS Releases’ g -.' - Kansas ~°  Erossing = State . Marlan |
“i lowewsll it Lovewell Lovewsll Unit Kansas | Scandia . . Lovewsll - - Lands -~ -StateiLine ?
= ) ! @y (5 €3] D] ROR 10 12 |
2.8 10.4 2.1 5.8 3.0 o | 3.2 0 77.0 215 225.9
A 10.2 0 16.1 L0 0 [ - 3,2 0 8.9 30.3 15,9
5o . g !
21 5.9 0.2 16,9 Ty 0 3.8 32,1 2.5 2.4 164.9
29.7 0 5.3 24,4 4.8 ok ‘0.6 . 1.8 . 8.9 - 49 u.3
{ ¥80.3 6.8 15.1 16.5 15.8 0.8 ;- 3.8 L 195 | u2.3 151 0
275 169 11 13.0 10 o | b 0 125.0 916 26 0
30.9 4.2 7.1 41,3 9.6 0 b 3.2 0 7.4 105.9 52.6 323.8
. 5044 - L,.9 7.5 20.4 15.5 .0 Tt 1.9 I T T 0 1.3
- 16,8 9.9 6.7 25.L 12,5 0.3 3.2 S 45.6 77.3 21,2 [ .
22,0 6.k 9.0 29.4 10.6 0 2.2 o . . 9L 2L.4 0
54.0 2.4 5.5 319 12,6 L *21 [} 4.9 17y 23.3 0
2.7 15.5 7.2 2.8 2.1 0.1} 5.0 0 100.4 0.2 20,1 0 20.1
1% 0 o 1.9 0.8 o | o 38,1 66.6 49.0° 1964  2A5.4
o 0 8.5 13.2 7.9 ‘o o 10.6 49,2 £2,2 L7839 541
49.7 6.5 2.8 12,5 8.6 0 3.2 [ 1069 52,7 159.0 1.7
0 0 7.5 61,8 3.1 0 0 0 . 2.4 11,6 277.0 318.6
7.9 [} 2.3 0 3.4 0 1.4 0 2.6 52,8 203.9 256.7
38,2 2,9 7.8 25,1 10.4 0 1.7 0 99.2 AR 238.7 283.5
23.9 Lok 2,9 0 8.1 0 3.2 15.4 8L.5 23.9 547.5 5TL.L 652.9
73,1 117.3 98.% 3964 157.6 2.7 51.0 113.9 317.4 1700.4 668.L 3096.5  3764.9 5465.3
38.6 6.2 5.2 " B.3 0.1 2.7 6,0 16.7 89.5 35.2 163.0 . 198.2 287.7 "
560.8 93.1 64.7 266,1 12,3 2.7 38.3 45.8 317.4 . 1132,0 319.5 769.2  1088,7 2220,7
52,8 RS 5.9 2.2 10.2 0. 3.5 b.2 28.9 102.9 29.1 65.9 99.0 201.9
L] -
=t B 208 '
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Feral B - | - Q)

o~ Table/00, Flow of Republican River passing Nebraskn-Kansas State Lire based on Operation of Harlen County and Lovewell Resorvoirs = '
Irrigation releases Usable patural flow pase- Heleases
=] —Other yeleages __  Spills Shortege and Usable
Courtland Courtland Courtland Courtland ' Diverted to Hat, flow
Ksnsas above Kansas below  Scendia  Kansas above Knnsas below Standin fiver Lozs PAS Releases to ' Eanms crossing
y mell . 3 -1 W

i1§ izg 33! " i&} is; Eii ET) ?8) %93 ?103 ,1113 Elzi

1929 19.7 32,8 10,4 2.1 5.8 3.0 a ¢ 32 0 77.0

1930 20,0 ETa 10.2 0 15,0 1,0 0 3.2 22,7 118,6

1931 23.1 27.6 ’ 5.9 0.2 16.9 Tl 3 3.8 15,3 100.2

1932 18,2 29.6 0 5.3 24,2 448 0 0.6 1.8 84.7

1933 17.2 59.7 6.8 15,1 16.5 15.8 0.8 3.8 . 20,9 15,7

1934 4ha2 13,1 16,9 1,1 13.0 10.4 0,1 6.4 1.6 5.8 162,0
1935 17.0 2.8 4.2 i T .3 9.6 [} 3.2 0 0.9 112.3.

- 193 25.3 50.3 ; 19.4 15.5 0 48 11.e T 9.6

1937 18,1 5.8 25.4 12,5 0.3 3.2 0 5.7 n7.2

1938 12,2 22,3 el 10,6 0 2.2 1] -

1939 26.9 54.0 35.0 L - ) 1. 2.1 2.9 42,8

1940 23.2 72.6 24,8 12,1 0,1 5.0 [ 5L.3 109.2

19 L8 1.0 1.9 0.8 0 0 i 38.1 66,6

1942 [ 4.5 7.9 0 . 0 10,8 31,7

1943 23.6 5.7 11,1 8, 0 .2 [} 105.5

o 1944 0 18,2 3.1 0 0 0.2 ) 29.0

1945 9.6 7.9 * 10,0 § 0 v 1.4 o 346

x J A T .

-3 *s 1946 13.1 0 " 22,1 10.4 0 1.7 2.2 100,2
E 1947 19.8 23,9 0 8,1 0 3.2 19.4 ; 8.7
. 1929=47 g : . " e
s P Total 3462 656,5 1n7.3 - 98,6 3£5.6 1576 2.7 51.0 2008 109.7 1877.7
g ’ Lvgo 18.2 345 6.2 5.2 18,2 8.3 0.l 2.7 . 10,6 5.8 98.8

« 1930~40 S T R ; f
© Total 245,6 541.2 93.1 64.7 . 262,0 112,3 2,7 38.3 50.1 109.7 1351.4

+ ) i Avza 22,3 49,2 8.5 5.9 258 10,2 2.2 3.5 8.2 20,0 122.8

i e . T T Mgk S i ’ .
1._..' Al .
2 f ’ 209
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Tabls 100
-
Tablef6C, Flew of Republican ilver pessing Nebraska-Eansss State Lims based on Operatien of Harlan Coumty and Lovewell Reservoirs = ¥Basin Study," Fovember 1952 ‘ |
_gation roleases Uszble mtural flow pass— Releases Umsahls Umsable  Total
Harlen Co. Rod. - - Other releapes Spills Shortage and Usable- Waste Spills _ Urmsahls, .
Courtland Ceurtland “Courtland « T » - Diverted ° fo - Hat. flow ~ passing from = = Water ’
‘¢  Kansag below Scendis  Kansas ebove Kanses below  Standia = River.loss FHS Releases o - " Eanms orossing - State Harlan passing
. i) 1 V-] Loygus Ands Stats sty States
(3 4 (5 7 g] %9; (20 ; 05
32,8 10.2 2.1 5.8 3,0 o v 32 0 A 219 235.3 257.2
34 . 10,2 0 16,0 1.0 0 3.2 22,7 118,6 30.3 218.7 249.0
27,6 ) 5.9 0.2 16,9 Ted n 3.8 15,3 100.2 2444 89,6 214,0
29.6 5.3 243 4e8 0 i 0.6 1.8 847 749 52.0 126,92
59.7 6.8 15.1 16.5 15.8 0.8 2.8 . 209 156.7 15.1 15.1
131 16. 1,1 13.0 1044 0,1 6.4 14.6 51.8 162,0 26,1 209 47.0
20.8 42 7.1 4.3 9.6 o 3.2 o . 0.9 2.3, 526 212 o Lm.E
" 50,3 4.9 7.5 19.4 15.5 0y P 1.9 149.6 10,1 1510 1601
46.8 9.9 8.7 25.4 12,5 0.3 3.2 5.7 n7.z 2.2 0 21,2 |
22,3 (-3 9.0 294 10.6 o 2.2 0 92.1 2.4 0 21,4
54.0 2.4 545 35.0 ) 1.6 1.4 2.1 2.9 Li2.8 23.3 6446 7.9 !
- 72,6 15.5 7.2 2.8 12.1 0.1 5.0 513 109.2 20,1 o 20,1
1.0 0 0 1.9 0.8 0 o i o381 66,6 49.0 26,9 5.9 |
0 8.5 La5 7.9 0 . 0 10.8 3.7 62.2 526,8 582.0
48,7 6.5 2.8 1.1 N o 3.2 [} 105.5 52,7 A 219,1
[} 0 7.5 18.2 31 Q 0 0.2 29.0 4.6 342.1 383.7
7.9 a0 2.3 10,0 3d - 0 « 1.4 0 3.6 52,8 242,0 294.8
0 2.9 7.8 22,1 10.4 0 1.7 42,2 100.2 448 328.7 383.5
23.2 Lol 2.2 0 8.1 0 3.2 19.4 81,7 23.9 571.9 595.8
656,5 117.2 38.6 3£5.6 157.6 2.7 51.0 200,82 109.7 1877.7 668.L 3864.1 4532.5 6399.1
3.5 6.2 5.2 18.2 2.3 0.1 2.7 . 10.6 5.8 98,8 35.2 203.4 238.6 336.8
541.2 93.1 64,7 262,0 112.3 2,7 38.3 90.1 109.7 1351.4 319.5 112¢,0 1443,5 2783.8 ¢
49,2 8,5 5.2 23,8 10.2 Q.2 3.5 8,2 10,0 122.2 22,0 102,2 131.2 253,1
¥ .
[}
: ” - 209 - ; - -
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Tatle /7! . Average annual use of Nort.h Fork Repubucm River water by Colorado and Nebraska for the

Compact Study a.nd the Basin Study - 1000 acre-feet

Compact Study s Basin Study
Colorado Nebraska _ Colorado — Nebraska
Use by North Republican Unit T930-L0 19¢5-Lf 1930-L0 1925-L7 T330-50 1929-L7 - 1930-L40 1925-L7
Supplezental water for 2,680 acres 1/ 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.2
Kater for 2,h00 acres 2/ 0 0 2.8 2.5 o} 0 2.8 2.5
water used by non-irrigable lands o 0 0.7 0.7 o] 0 0.7 0.7
Svaportation from Wray Reservoir 0.z 02 L2 12 02 02 LT L8
Total future additional use
by North Republican Unit 2.3 c.2 L.9 L.6 0.3 0.2 5.3 4.5
Future private devclopment (irrig.) 3/ 1.6 1.5 0.3 0.2 1.6 1.5 0.3 0.2
Total future use assumed tc be
practical 1.9 & 5.2 L.8 1.9 1,8 5.6 5.1
Increased depletions to meet compact &/  2.%5 2.3 0 0 0 0 0 0
Present use estimats by Commlcsioners™ 5.5 5.5 5.0 5.0 5.5 5.5 5.0 5.3
Total use on stream 9.0 7.5 1T 7.8 s i) 10, 40,1
Ccmpact allocation on stream 1Z.¢ - .o - 10.0 - 1i.0 -

Of the 2,£80 acre presently irrigated €50 acres are in Colorade and 2,030 acres are in Nebraska,

2,400 acres all in Nebraska.

Privatg depletion for 1,500 acres of which 1,290 acres are in Colorado and the remaining 210 in Nebraska. Ko
private development for pornds is expected.

An additional depletion for 2,200 acres to meet Coloradots allocation.

- KS002164
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Table /CZ. Average annual use of Arikaree River nte:r by Colorado ‘and Kansas for the Compact Study and “the -
Basin Study - 1000 acre-feet. »

Compact Study Basin Study' e
Colorado Kanssas Coloradoe
Use on Arikaree River _1930-E0_1929-L7 1930-L0 1929-L7 1930-L0 __929-1?"'";.9}0—“56"’1‘92""5‘9—
1
Future private development (Irrigation) 0.5 0.5 0 0 0.5 0.5 0 0
Future private development (Ponds) 0.2 0.2 0 0 0.2 0.2 0 0
Evaporation from Pioneer Reservoir o [ o 0 2.8 ) B o
Total future use assumed to be
practical 0.7 0.7 0 0 3.5 3.2 0 0
Increased depletions to meet compact 2/ 12.5 1.4 1.C 0.9 0 0 o} 0
Present use estimated by Commissioners 2,2 2.2 0o o 2.2 2.2 o o__
Total use on stream 15.4 1L.3 1.0 0.9 5.7 S.h 0 0
Cempact allocation on stream 15.4 - 1.0 - 15.L - 1.0 -

Note: Nebraska's allocation of 3300 acre-feet of water will be used elsewhere in Nebraska,
1/ Private irrigation development for LOO acres.

2/ An additional depletion was made for 9250 acres in Colorado and 740 acres in Kansas. '

" KS002165
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Table /C3 ,

anc¢ the Basin Study - 1C00 acre-feet.

Compact Siuqx_

Basin Stﬁd???%

Average anrual use of South Fork Republican River water by Colorado and Kansas for the Compacﬁastudy

Use by St. Francis Unit

Colorado

Kansas

1930-L0 1929-L7 1930-L0 1925-L7

Wster used for 3720 acres 1/
Water used by non-irrigable lands
Eveporation from Bonny Reservoir
Total future additicnal use by
St., Francis Unit
Future private cevelopment (Irrigation)z/
Future privste development (Fonds)
Total future use assumed to be
rractical

Increased depletions to meet compact 3/
Present use estimated by Commissioners

Total use on stream

Cempact allocation on stream

Note:

Netraska's zallocation of B0O acre-feet

2.3 2.1 X 1.9
0.7 0.6 1.2 1.1
3.k 3.5 1.3 152
€.k 6.2 L.6 L.2
3.L 2.0 1.2 1.7
0.6 0.7 0.2 0.2
12.h G.9 6.7 6.1
L.B L.3 11.2 10.1
1G6.2 10.2 ;.9 L.9
25.L 2k L 22,9 21.1
25.L - 23.C -

1/ 1920 acres are in Colorado and 1800 acres in Kansas.

Colorado - Kangas
1930-L0 1929-L7 19304h0 1929-L7
2.3 21 2.2 1.9
0.7 0.6 OeT 0.6
3.1 2.8 2.9 2.7
& 5.5 5.8 5.2
3.k 3.0 1.9 9
0.6 0.7 0,2 0.2
10.1 g.2 Te9 ‘.1
0 0 0 0
10,2 0.2 4.9 L.S
20,3 19.L 12,8 12,2

250-!- - 23‘0 -

of South Fork weter will be used elsewhere in Nebraska.

g/ Future private development allows for ultimate development of 3100 acres in Cclorado and 1600 acres in Kansas.

_2/ Increased depleticn for 2330 acres to meet Colorado allocation, and for 9L0O acres to meet Kansas allocation.

" KS002166
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Table /c%. Average annual use of water from Buffalo Creek, Rock Creek and -Main Stem Republicm* wET
River by Nebraska for the Compact Study and the Basin Study - 1000 lcro-feat.- s Ty

L

act Stu

Note: No future private development for irrigation and ponds is anticipated.

[+
Use by Benkelman Unit 1930- 1929-47
Buffalo and Rock Creek water used for 5000 acres L.0 3.5
Buffalo and Rock Creek water used for non-
irrigable lands 1.2 1.1
Evaporation from Rock Creek Reservoir 0.8 0.8
Total future additional use of Buffalo and
Rock Creek water 6.0 Sl
Present use estimated by Commissioners 1.2 1.2
Total use on Buffalo and Rock Creek 7.2 6.6
Compact allocation on Buffalo and Rock Creek 7.0 -
Part of Main Stem Republican River water used .
. by 5000 acres 2.3 2.3
Main Stem Republican River water used by non-
irrigable lands 0.7 0.7
Total main stem water used 3.9 3.0
Total used by Benkelman Unit 10.2 9.6

7.3
?.0

2.3

0.7

3.0
10.3

i"'( T eTavd
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Table /05. Average a.nrma.l use of Main Stem Republican River water by Nebraska for the
Study and the Basin Study - 1200 acre-feet.

: , C et St ' _ Basin St-udv' E
Use by Meeker-Driftwood Unit 1930- % 1929-L7 1930-40

Water for 16,'1.;140 acres 18.9 16.9 18.9

Water used by non-irrigable lands L.2 3.8 k.2

Evaporation from Trenton'Reservoir 7.4 7.4 9.2

Total future additional use by Meeker- i

Driftwood Unit 30.5 28.1 32.3 29.0
Present use estimated by Commissionars 2.5 2.5 2.5 2.5
Total use on stream ' 33.0 30.6 3L.8 31.9

SOT OT4wl

!

éavm«
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. Table /C'¢, Average annual use of Frenchman Creek water by Nebraska for the Compact Study and the

~Compact Study Tn Study
Use by Frenchman Unit I§;§% 1525-L;7 193040 1925-L7

Supplemental water for 11,140 acres of presently irrigated lands 2. 2.4 2.4 2.4
Water used by non-irrigable lands near above lands 0.6 0.6 0.6 0.6
Water used for 11,770 acres of new lands 13.2 12.1 13.0 12.0
Water used by men-irrigable lands near above lands 3.0 2.7 2.9 2.8
Evaporatioh from Enders Reservoir 3.6 3.6 3.6 3.3
Total future additional use by Frenchmar Unit 22.8 21, 22.5 21.1
Future private irrigation of 3,000 acres above Enders Reservoir in Nebraska 5.6 542 546 5.2
Future private pond development above Enders Reservoir in Nebraska 0.2 0.2 0.2 0.2
Future private irrigation of 1,750 acres below Enders Reservoir 2.2 1.9 2.2 19
Future private pond development below Enders Reservoir 0.3 0.3 0.3 0.3
Total future use assumed to be practical 3T 29.0C 30.8 28.7
Present use estimated by Commissioners 15.0 15.0 15.0 15.0
Total use on gtresm g1 ) LS8 ot
Compact allocation on stream 52.8 o 52.8 -

-

Note: Colorado's allocation on Frenchman Creek is the total flow originating above Colorado-Nebraska state line or
an average annual flow of 3,300 acre-feet for the Compact Study. In the Basin Study an allowance was made
for future private irrigation of 1,850 acres.

KS002169
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Table /07. Average amual use of Red Willow Creek water and Main Stem Republican River water by
Nebraska for the Compact Study and the Basin Study ~ 1000 acre-feet

. Compact St Basin St

Use by Red Willow Unit 1930-40 19 7 192@0 1929
Red Willow water used for 12,590 acres 1/ 6.4 5.6 7.2 6.1
Use of Red Willow water for non-irrigable lands 1.4 1.3 1.6 1.k
Evaporation from Red Willow Reservoir 1.4 1.L 1.1 1.3
Total future additional use of Red Willow water 9.2 8.3 9.9 9.8
Future private development (Irrigation of 500 ac:) 0.6 0.5 0.6 0.5
Future private 'development (Ponds) 0.1 0.1 0.1 0.1
Total future use of Red Willow water assumed to
be practical 9.9 8.9 10.6 10.L
Present use estimated by Commissioners 0.8 0.8 0.8 0.8
Total use of Red Willow water 10.7 9.7 1l.Lh 11.2
Compact allocation of Red Willow water k.2 - L.2 =
Main stem Republican water used for 12,590 acres . 7.4 6.2 0.3 5.1
Main stem water used by non-irrigable lands 1.7 1.3 1.2 1.1
Total main stem water used 9.1 7.5 6.5 6.2
Total water used for Red Willow Unit 19.8 17.2 17.9 17.4

i

1/ In the Compact Study 12,590 acres were irrigated. In the Basin Study 11,990 acres were
irrigated. '

Lot ot1qel
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Table /OS . Average annual use of Beaver Creek water by Colorado, ‘Kansas ﬂnd Nebraska for the Compact Study and the
Basin Study - 1000 acre-feet. o ’

P ey

Colorado - T Lo Kansas . Hebraslu

act Study Basin St c t Study Basin Stucg
_ 1930- 1929~ 1930~ 1929- : 19 1930- 1929~ 9= :
Use by Beaver City Unit 19k0 19L7 19h0 19L7 19ko 19h? ~15ho 19h7 L0 1947 19k0  19L47
Water for 1200 acres 0 0 0 0 0 0 o} 0 1.3 1.2 .L 1.3
Water used by non-irrigakle
lands 0 o] 0 0 0 0 0 0 0.3 0.2 0.3 0.3
Evaporation from Beaver City !
Reservolir g 8. 9. 8., B 0. o B L 86 23 22
Total future additional use _'_ —
by Beaver City Unit 0 0 0 0 0 0 0 0 3.0 ™30 L.o 3.8
L]
Future private development
(Irrigation) 1/ 0.1 .0.1 0.1 0.1 36 A 3.6 3.1 0.7 0.6 0.7 0.6
Foture private development
(Ponds) %1 01 01 01 25 26 0.5 26 01 0.2 01 0.2
Total future use assumed to
be practical 0.2 0.2 0.2 0.2 liodes 4307 L.l 3.7 3.8 3.8 L.8 k.6
Increased depletions to meet
compact 2 3.1 2.8 0 0 2.8 2.6 0 0 2.7 2.k 0 0
Present use estimated by
 Comnissioners 8_ 9. 9. 9o 9o 9o Qo 9 02 02 02 0.2
Total use by states on
stream 3.3 3.0 0.2 0.2 6.9 6.3 L. 3.7 6.7 6.4 5.0 L.8
Compact allocation by states
on stream 3.3 - 3-3 - 6-!1 - soh - 6-? - 60? -
1/ Future private development for 100 acres in Colorado, 2950 acres in Kansas and 550 acres in Nebraska . 15

40T oTqwl

2/ Additional depletions to meet Compact are az follows: 2670 acres in Colerado e i, e
; 2430 aéres in Kansas : e
2280 acres tn Nebraska

KS002171
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Table //¢  Average annual use of Sappa Creek water by Kansas and Nebraska for the Compact Study and the‘*Basin "Study
1000 acre-feet ey

Compact Study ~ . Basin Study 4. ._
Kansas . . - .Nebraska Kansas - =Nebraska
Use by Oberlin Unit 1930-L0  1929-L7 1930-L0 ~1929-L7 1930-L0 1929-L7 1930-L0 1929-87
Water for 1500 acres 1.h 1.6 0 0 1.6 1.8 0 0
Water used by non-irrigable lands 0.k 0.4 0 o} 0. 0.k 0 0
Evaporation from Oberlin Reservoir 1.6 1.8 o_ o 1.5 1.9 o o__
Total future additional use by
Oberlin Unit 3.h 3.8 0 0 3.0 3.9 0 0
1/
Tuiure private development (Irrigation) 2.6 &2 1.6 1.3 2.6 2.2 1.5 1.3
Future private development (Ponds) 0.3 0.4 o o_ 0.3 0.4 o __ o
Total future use assumed to be
practical 6.3 6.k 1.6 1.3 6.5 6.4 1.6 1.3
Inerease depietions to meet compact 3/ 2.2 1.9 6.9 6.0 0 0 0 0
Present use estimated by Commissioners 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Total use by states on streanm 8.7 B.% B.7 Te 5.7 5.8 1.8 1.7
Compact allscation by states on stream 8.8 - 8.8 - 8.8 - 8.8 -

1/ An allowance for 1850 acres in Kansas and 1150 acres in Nebraska was made for future private irrigation
development. 2

v
-

3_/ To meet the compact allocations on Sappa Creek it was necessary to deplete for an additional 1600 acres A
Kansas and h?SO acres in Nebrasksa.

KS002172
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Table/// . Average anmual use of Prairie Dog Creek water by Kansas and Nebraska for.the Compact study and the
Basin Study = 1000 acre-feet. R 3 ' e 40 T ;5 'A 'L"' BT B e e

f ' % + % . -
l J 5 Yo p Ll ,"‘: ‘.I
2. Compact Study Basin St.udy ‘
Kansas ™ ~_Nebraska - ‘Kansas "k -t Hebraska
Use by Almena Unit 1930~ 1929-47 193 1929-47 IEE ﬁﬁ 1929-5? 35350 1929-5
Water for 5000 acres 6.0 5.4 0 0 5.5 5.1 0 0 :
Water used by non-irrigable lands 1.6 1.h 0 0 1.5 1.3 0 0
Evaporation from Norton Reservoir 2.5 2.6 0__ o__ 2.2 2.4 o__ o _
Total future additional use by .
Almena Unit 10.1 9.h 0 0 9.2 8.8 0 0
1/
Future private development (Irrigation) 1.3 1.9 0 0 1.3 1.0 0 0
Future private development (Ponds) D.2 0.2 0__ 0 _ 0.2 0.2 o o
Total future use assumed to be ; m—
practical 11.5 10.56 0 0 10.7 10.0 0 0
Increased depletions to meet compaet 2/ 0.6 0.5 0 0 0 (e} 0 0
Present use estimated by Commissioners 0.4 0.4 0.4 0. 0.k 0.L 0.4 0.4
Total use by states on stream 13 & 0.1 0.1 1.1 10. 0. 0.%
Compact allocation by states on streama 12,6 - 2.1 - 12.6 - 2.1 -

.1/ Future private irrigation of 1000 acres.

g/ To meet compact allocations an additional depletion for 500 acres in Kansas was made.

KS002173
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Table 112. Average annual use of ‘water by Bostwick Division in Nebraska ror.t.he__ﬁ.gho@pa__'gt._-;sﬁndyg}_- .g.@;,gcrerf_aet..

Use by Bostwick

Superior Canal A5

Franklin-Red Cloud Unit .
L ' 6,790 acres

Courtl&nd Cana]
18,250 acres :

227960 acres

“Total

1930-40 1929-47 19304;0 1‘229—4?

Division in Nebraska

Water for irrigated lands
(28,000 acres)

water used by non-
irrigable lands

Evaporation from Harlan
‘County Reservoir

Totzl future additional use
in Nebraska by Bostwick
Division

Future private development
(Irrigetion 2600 acres) 1/

Total future use assumed to
be practical

Increased deplstions to
meet coupact (8000 ac.) 2/

Present use estimated by
Commissioners

Total use on stream in
Hebraska

'1930-1,0 _gga-gé

tn allowance was made for future
Reservoir and Superior-Courtland Diversion Dam,

27-6
9.0
21.1

57.7

3.1

60.8
8.5
0

69.3

private develpment of 2600 acres on tributariss between Harlan County

1930-40 1929—1;_'1

Fw«"'

24.5
8.0

lé .&
52.0

2.6
54.6

7.5

62.1

An addit ional depletion for 8000 acres was made on t.he main stem of the Republican River between Cambridge
Diversion Dam and Harlan Count.y Reservoir,

KS002174
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Table 113. Average anmal use of water by Bostwick Division in@Webraske for the Basin Stady - 1000 acre

- Franklin-Red Cloud Unit Superior Canal Courtland Canal
Use by Bostwick 18,250 acres 6,790 acres . 2,960 acres
Division inTNebrasl-_:a. 190-40 1929-4L7 1930-40 1929-L7 1930-40 1929-47 1930-40 1929-47

Water for irrigated lands :

(28,000 acres) 2.8 17.7 : 7.4 6.3 ) 2.7 31.4 26.7
Water used by non-lrglga.ble

lands Tk 6.1 2.3 1.9 .8 o7 10,2 8.7
Evaporation from Harlan

County Reservoir 21.5 19.4
Total future additional use .

in Nebraska by Bostwick Div. " 63.1 54,8
Future private development

(Irrigatiomn 2600 acres) 1/ Tl 2.5
Total future use assured to

be practical ' 66.2 57.4
Increased depletions to meet

compact 2/ .0 0
Present use estimated by

Commissioners . 9] 9]
Total use in Nebraska : 66,2 57.4

1/ An allowance was made for future private development of 2600 acres on tributaries between Harlan Ccumt.;r
Reservoir and Superior-Courtland Diversion Dam.

2/ An additional depletion for 8000 acres was made on the main stem of the Republican River between Cambridge
Diversion Dam and Harlan County Reservoir.
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" Table 11h. Average annual use of water by Bostwick Division in Kansas for the Compact Study - 1000 -acre=feet.

Use by Bostwick
Division in Kansas

Courtland Canal . Scandia Unit
19,000 acres 13,000 acres

Total

1930-40__1929-47 1930-40 1929=47

Water for irrigated lands
(62,000 acres)

Hater used by non-irrigable
lands

Evaporation fram Harlan County
Reservolr charged to Kansas

Evaporation from Lovewell
Reservoir

Future private development

Total future use assumed to be
practical

Increased depletions to meet
compact 1/

Present use estimated by
Commissioners

Total use in Kansas

1/ §o additional depletion was

bh.5 Lo.6 10.4 9.5
10.5 9.6 2.7 2,2

1930-L0 ~192G-LT_

54.9
13.2
5.4

Lok
0

77.9

77.9

50.1

1l.8
6.9
3.6-
0

T2.4

KS002176
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‘Table 115. Average annuzl use

of water by Bostwick Division in Kansas for the Basin Study - 1000 aere-feet.

Courtland Canal

Scandia Unit

Use by Bostwick 49,000 acres 13,000 acres Total
Division in Kansas _1930-40 1929-47 . 1930-40 1929-47 1930-40 :1929-47
. Water for irrigated lands
"~ (62,000 acres) 52.3 45,1 12,4 10,6 6L.7 5547
Water used by non-irrigable
lands 12.3 10.6 3.1 2.6 15.4 13.2
Evzporation from Harlan County |
Reservoir charged to Kansas L4 8.4 .2
Evaporation from Lovewell . ‘
Reservoir L.5 3.7
Future private development . ) 0 0
Total future use assumed to be
practical 33.0 80.8
Increased depletions to meet
compact ;/ 0 0
Present usg estimated by
Commissioners Q ¢
Totzl use in Kansas 93.0 80.8

1/ No additional depletion was made for use of main stem water to meel Kansas allocation of 138,000

acre-feet,
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