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UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

Regional Office, Region 7 In Reply Refer to:
318 New Customhouse 7-740
Denver 2, Colorado

June 15, 1951

To: Commissioner
Attention: 700

From: Regional Director

Subject:s Transmittal of Definite Plan Report on the Frenchman-Cambridge
Division, Missouri River Basin Project

1. We have completed the preparation of our Definite Plan Repart
on the Frenchman-Cambridge Division, Missouri River Basin Project, and
are shipping to you, under sevarate cover, twenty coples of the report
together with six sets of five appendixes.

2. Construction is completed on two of the major féatures of the
Division--Medlicine Creek and Enders Dams, Trenton Dam is under con-
struction, and Red Willow Dam, a Corps of Engineers development, is yet
to be constructed. Cambridge Diversion Dam and the major portion of
Cambridge Canal are constructed. The Government has acquired title to
and rehabilitated the Meeker Canal and has constructed a temporary
diversion dam serving this ecanal., At the present time Medicine Creek
Reservoir is spilling and Enders Reservolr is filling rapidly; however,
approximately 2,700 acres only can be served from Meeker Canal, and
about 2,100 acres from canal side turnouts of the completed portion of
Cambridge Canal. Construction of the Cambridge Canal has been stopped,
no laterals have been built, and the only current progress is the
continued construction of Trenton Dam.

3. FExcept for an interim Thrren Act pronosal, no arrangement has
been made to provide service to any of the wivately owned canals, the
largest of which is Culbertson, now serving 9,150 acres. The owners of
this canal have requested the Bureau to make an offer of terms to take
over and rebuild their works. Such arrangements would allow for the
enlargement of the canal to serve the entire Frenchman Unit in accordance
with the division plan.

L. Construction of the Cambridge Canal was stopped recently
because certain provisions of the repayment contract with the Frenchman-
Cambridge Irrigation District were not arproved in the confirmation
proceedings in the District Court, McCook, Nebraska. This case was
appealed to the Nebraska Supreme Court, which ruled that it had no
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jurisdiction because the anpeal was filed after the allotted time for
rehearing. In recent weeks the objectionable provisions of the con-
tract have been revised and agreed to by the District and the Bureau.
It is anticipated that the revised contract may be confirmed. The
reconfirmation proceedings are now set for hearing in McCook on

June 30, 1951.

5. The successful negotiation and confirmation of this contract
is essential before any further action is taken in the Frenchman-
Cambridge Division, It is wital, however, to set forth objectives in
respect to the physical plan of development, vlans for irrigation
district reorganization, and bases for negotiation of remyment con-
tracts. These plans are set forth in the revort and summarized in
this letter together with my recommendations.

Plan of Development

6. The Prenchman-Cambridge Nivision includes Enders Dam and
Reservoir, Medicine Creek Dam ancd Reservoir, Trenton Dam and Swanson
Lake, all Bureau of Reclamation facilities; and Red Willow Dam and
Reservoir to be constructed by the Corps of Engineers. These storage
facilities, and appurtenant diversion and distribution works, will
provide for irrigation of 68,570 acres, flood protection in a large
segment of the Republican River Basin, fish and wildlife conservation,
and enhancement of recreational resources.

7. The physical plan is essentially the same as that originally
presented in Senate Document 191, That plan envisioned four multivle=-
purpose reservoirs with a combined storage canacity of 342,000 acre-feet
and the irrigation of 69,225 acres. Reservoir storage has been enlarged
to 471,900 acre-feet to provide needed increases for flood control and
irrigetion, The irrigation of 11,300 acres by wells has been replaced
by an equivalent gravity area to conform with state law requiring a
common water supnly for an irrigation district. Also, the irrigation
system was redesigned to include acreages which could be served more
economically.

8. The physical plan provides for the most desirable and feasible
development of the division's water resources from both engineering and
economic standpoints. In formulating the plan, consideration was given
to the most efficient use of facilitles constructed, under construction,
or planned by the Bureau and the Corps of Engineers. I recommend your
approval of this physical plan of development.

District Reorganization

9, Development of 68,570 irrigable acres in the division requires
district reorganization for 67,680 acres and a supply of supplemental
water under Tarren Act contracts for 090 acres. At present there are
two organized irrigation districts in the Frenchman-Cambridge Division,
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The Frenchman Yalley Irrigation District was organized in 1911 under
the laws of Nebraska, and is now functioning as a district operating
the Culbertson Canal serving 9,450 acres in Frenchman Creek Valley.

The Frenchman-Cambridge Irrigation District was formally organized
April 8, 1946, This organization was effected to contract with the
Bureau of Reclamation under an earlier plan of development, and
contained L1,000 acres which has now been reduced to 36,990 acres
largely because of land reclassification. There are, therefore, 21,240
acres of new lands which to date have not been incorporated into either
of the irrigation districts.

10. The most desirable plan from an operating standpoint would
be a merger of the tw districts so that all of the land in the
Frenchman-Cambridge Division would be in one district. The Frenchman
Valley District officials, however, are not favorable to a merger with
the Frenchman-Cambridge District as they are unwilling to lose their
identity and feel that their nosition as an operating district would
not be enhanced by being absorbed in a larger inexperienced district.
Both districts are agreeable to the enlargement of their boundaries
to include adjoining new lands, providing suitable repayment rates are
established.

1l. In view of the interests of the Frenchman Valley District,
the plan proposes to revise the boundaries of the Frenchman Valley
Irrigation District and to expand the area from 9,450 acres to include
all of the 22,020 acres in the Frenchman Unit. This enlargement would
be made to comply with changed features of the division plan and would
include 3,550 acres in the Farmers and Riverside Canal areas now incor-
vorated in the Frenchman-Cambridge Irrigation District. The existing
Frenchman-Cambridge Irrigation District, containing 36,990 acres, would
be modified and enlarged to L5,660 acres. The enlarged district would
include additional areas of 9,620 acres in the Meeker-Driftwood Unit,
1,000 acres in Red "illow Unit, and 1,600 acres in the Cambridge Unit.
The withdrawal of the 3,550 acres from the Frenchman-Cambridge Irrigation
District is desirable, for these acres are located within the Frenchman
Unit and will receive water supnly service from a common source, the
Culbertson Canal and its extension. The major portion of the additional
lands in the Meeker-Driftwood Unit reoresents a change from the original
plan owing to the relocation of CQulbertson Dam to the Trenton site,
The areas in the Red "“illow and the Cambridge Units were selected in the
redetermination of irrigable areas.

12, Careful consideration was given to other possible plans of
district reorganization. The criteria used as a basis for evaluation
of the various plans were efficiency of operation, present extent of
district organization, the provisions of Nebraska statutes governing
single source of water supply, and the acceptibility by the existing
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districts and potential water users. Tables A and B, attached,
entitled "Extent of District Organization" and the "Evaluation of
Various Plans for District Reorganization" show a tabular analysis of
this problem. The plan as presented in the revort; namely, enlargement
of the two existing districts, is the only one that satisfactorily
meets the above criteria. I recommend your approval of this plan for
reorganization of districts.

Repayment Contracts

13. The division plan requires a repayment contract with each of
the two enlarged districts. The existing Frenchman-Cambridge Irrigation
District contract must be revised to provide repayment for the enlarged
district of 45,660 acres. A repayment contract with the Frenchman Valley
Irrigation District ie yet to be negotiated and should include the entire
Frenchman Unit of 22,020 acres, as certain irrigation facilitles on all
of these lands are to be constructed by the Bureau.

1. As presented in the revort, the analysis of repayment obliga-
tion for lands in the Frenchman-Cambridge Irrigation District reflects
the originally negotiated amount of $1.60 per acre per year for a total
of 41,000 acres. The analysis for the new lands to be added to the
Frenchman-Cambridge District is based on full repayment capacity less
a 20 percent contingency factor. The analysis for the enlarged Frenchman
Valley Irrigation District also is based on full revayment capacity less
a 20 percent contingency factor, with the exception of the 3,550 acres
now organized in the Frenchman-Cambridge Irrigation District. The
latter lands are a part of the original district contracted at the $1.60
rate; therefore, the analysis contains that rate to facilitate their
transfer to the Frenchman Valley District, Tables C and D, attached,
are pertinent to both district reorganization and the problem of repay-
ment rates. They show, respectively, payment capacity per acre of
irrigable land for various plans of district organization and adequacy
of various repayment rates per acre for two plans of district organizatior

15. The precedent resulting from the Frenchman-Cambridge Irrigation
District contract at the 1,60 rate will present serious problems in
obtaining a higher repayment rate on any new lands within the Frenchman-
Cambridge Division, because they are in the same general locality and
are physically and economically similar. The $1.60 rate was basic to
the district formation and the repayment contract, now awaiting confir-
mations To accomplish prompt enlargement of the Frenchman-Cambridge
Irrigation District, it is essential that the $1.60 rate be used for
the li,660 acres of added lands in the proposed reorganization. However,
the District must understand the limitations imposed by this rate. It
mist understand that the rate of $1.60 per acre per year will provide
a water supply system as set forth in Section 9E of the 1939 Reclamation
Law; that the rate will provide a distribution system and part of the
necessary drains within the financial limitation of the $1,60 per acre
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to repay the cost of such in a LO-year period. It must understand,
further, that it will be required to build and finance additional
drainage as needed to protect the irrigated lands from seepage. The
alternative to this arrangement will be for the irrigation district
to pay enough more than the $1.60 ner acre per year to repay in LO
years the cost of additional drainage.

16, A repayment contract with the Frenchman Valley Irrigation
District should be negotiated at the same rate of $1.60, because the
owners of the 3,550 acres now covered by the Frenchman-Cambridge
Irrigation District contract would be unwilling to change districts
if charged a higher rate. The exlsting Frenchman Valley Irrigation
District also is unwilling to pay a higher rate. Although its canal
system is in need of major repair, the District is a going concern with
low operating costs and no bonded debt,

17. The use of the $1,60 repayment rate will facilitate early
reorganization of the two districts and renegotiation of repayment con-
tracts necessary for continuation of development according to the
division plan, This will permit the most economic use of irrigation
features and eliminate the need for construction of a costly permanent
Meeker Diverslon Dam; the originally nroposed Farmers~Riverslde Diversion
Dam; and an expensive canal extension through presently irrigated lands
and the town of Culbertson., All of these costly wrks must be constructer
if reorganization is not accomplished and all lands under the existing
contract are to be served, Also, without reorganization a large portion
of the most economical irrigation development of the division would be
precluded,

18. I recommend that the two reorganized districts--the Frenchman-
Cambridge and the Frenchman Valley-~be given the alternative of paying
$1.60 per acre per year against theilr construction charge obligation
for & hO-year contractual period, wi.th the understanding that they will
agree to bulld any necessary drains which can not be paid for from
proceeds of the above rate; or that the districts increase the $1.60
per acre per year rate to an amount adequate to finance the distribution
system and all necessary drainage, plus some payment against the con=-
struction cost of the water supply works. Either alternative is based
upon the assumption that the cost of the distribution and drainage
system constructed by the Government must be repald in forty years from
the termination of the development period. Under the first alternative
the districts must agree to build drains as needed and not provided for
under the $1,60 per acre rate, Such drains as would be built by the
districts must be approved by the Bureau, Under the second alternative
a similar provision would apply except that the Government would be in
a position to construct a greater portion of the drainage system, the
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extent depending upon the adequacy of the repayment rate. Fach of the
two proposed districts has adequate capacity to pay costs of distribu-
tion and drainage systems and operation and maintenance charges.

19. As soon as the repayment contract with existing Frenchman-
Cambridge Irrigation District is confirmed and the physical plan of
development for the division approved, construction of certain facili-
ties may be carried forward at the same time that negotiations for
distriet reorganization and further repayment contracts are being
forwarded., During this period construction of the following features
would be in conformance with the plan of dsvelopment and the existing
contract: completion of the irrigation system for the Cambridge Canal
in the Cambridge Unit; and construction of Bartley Diversion Dam and
the Bartley Canal in the Red Willow Unit. These features will provide
for the irrigation of approximately 23,000 acres.

20. The achievement of district reorganization and the negotiation
of suitable repayment contracts would permit the completion of the
division plan. The construction of irrigation facilities for the
Frenchman ana Meeker-Driftwood Units and the remaining portions of the
Red Willow and Cambridge Units could then be accomplished in accordance
with the construction program as set forth in the report. This develop-
ment would provide for irrigation of an additional 45,000 acres of
land to bring to completion the full development of the division,

/s/ Avery A. Batson

Copy: Under separate cover

Copy to: Chief Engineer, Attn: 204 (w/7 copies of the report and
2 sets of appendixes)
Chief, Hydrology Div., Attn: 750 (w/3 copies of report
1 set of appendixes)
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TABLE A. EXTINT OF DISTRICT ORGANIZATIUN
TOTAL FRENCHMAN VALLEY FRENCHMAN-CAMBRIDGE
UNIT ACRES IRRIGATION DIST. TRRIGATICON DISTRICT UNORGANIZED
Percent } Percemnt Percent
Acres { of potal | AcTeS | of qotal | ASTSS |of Total
All Units 67,680 9,450 1k 36,990 55 21,240 31
Frenchman 22,020 9,450 L3 3,550 16 9,020 L1
Meeker-Driftwood 16,440 — —_ 6,820 Al 9,620 59
Red Willow 11,990 - - 10,990 2 1,000 8
Cambridge 17,230 —_— — 15,630 91 1,600 9
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TABLE B, EVALUATION OF VARIOUS PLANS FOR DISTRICT REORGANIZATION

2 districts: French- 5 separate
Enlargement of man and Meeker Drift- districts
Criteria Existing Districts¥* One Dist, wood; Red Willow or other
and Cambridge combinations
1, Efficiency of cperation and economy of
maintenance, considering distance and best S S S U
use of manpower, material and equipment,
2. Present extent of district organization
with special reference to ease of in- 3 U U U
clusion and exclusion of lands and dis-
solution of district or districts.
3. Acceptability of plans by existing Frenchman- s et U U
Cambridge and Frenchman Valley Districts.
L. Irrigation under a common source of water sup-
ply consistent with physical plan and Nebraska ] S S s

Statutes governing district organization.

S—Satisfactory; U-~Unsatisfactory

#Existing Frenchman Valley District enlarged to include all of the 22,020 acres in Frenchman Unit and existing
Frenchman-Cambridge District to include remaining units totaling 45,660 acres.

#Length of time necessary to effect reorganization and mergsr and general disapproval expressed by district

officials resulted in the rating of these two

items as unsatisfactory.
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Five Districts

Two distiricts

Culbertson Meeker- ¥eCook and Bartley Cambridre and One
Ttens Canal Dri ftwood Red Willow Canal Holbrook District Frenchman Frenchman
Canal Canals Canals VYalley Cambridge
Zeres  Fct. icras Sch. HAcres pPct. Acres rch.  acres Pet. Acres Fect. Acras Pet. Acres Pet.
Irrizable land
Class 1 11,993 55 B,034 L9 2,347 L7 4,086 58 9,516 55 35,97 53 1,99 55 23,983 53
Class 2 8,625 k] 7,904 48 2,70 50 2,521 37 7,028 L1 28,6L8 L2 8,625 39 20,023 Ly
Class 3 1,402 _ 6 2 _3 143 23 8 bab 4 3,086 _ 5 . 1,402 6 1 .
Total 22,020 100 16,LL0 100 4,950 100 7,030 100 17,230 100 7,580 100 22,020 100 L5, 100,
Payment capacity
Class 1 $5.09 $6.52 $5.52 §6.52 $7.95 $9.09 7.38
Class ? 4.37 . 3.55 3.55 3.9% L.20 L.37 4.13
Class 3 . 2.4 2.42 2.22 . E.ZE 2,
iverape .89 4,92 5.22 5.31 6.15 .89 5.79
Estimated construction cost
Laterals A 1.33 1.42 .15 0.80 1.39 1.30 1.33 l.22
Drains 1.0 2.97 1.1 1.11 1.06 1.02 1.00 1.02
Possible contragtu:l obliestion based uson
full payment capacity
Payment capacity £.89 5.61 4.92 5.22 5.31 6.15 6.9 5.79
Cperation and maintenance 2.40 5‘_}2 3.01 278 2.80 2,60 2.40 2.65
imortization canacity 4L.49 L.y 1.9 2.47. 2.5 3.55 L.L9 3.14
Possible distributisn of amortization canacity :
Laterals 1.32 l.42 1.16 2.8 139 1.30 1.33 1.28
Water sarvice . .20 .20 .20 .20 .20 .20 .20
Drains 1.00 .97 58 i .92 L.02 ~.0L 1.02
Unoblisated balance 1.95 1.87 None 22 None 1.03 1.9 26
Total L.L9 L.LE 1,91 LT 2.51 3.55 449 3.
ideguaey of proposed repuiyment
Cost 2T drajnase systanm 51.01 $0.97 $1.11 5106 L2 $1.01 #1.02
“ercentars payable 292 i3z 7 20 293 143
Tossihle sontractual oblisstion based unon
20 nercert of payment canacity
Payment capacity £5.51 £5.45 $3.94 .18 325 k.92 $5.51 $..63
Creratiosn and maintenance 2.40 2.35 513 2.75 2.8 2.6 2,50 2.65
imortization capacity 311 3.10 0.93 1.53 .I.‘ 2.32 3.11 1.92
Peasible distributisn of amortization capacity
Lat=rals 1.33 142 093 2.82 1.39. i.33 1.28
Water service .20 .20 Nons 2 05 20 .20
Drains 1.01 97 Hone W3 Bone .01 «50
Unoblirated nalance DT .51 Hisne ° None Yona * LE7 hene
Total ' 3.11 3.10 (] 1.43 1.45 3.1l 1.98
4Zeouacy of provsesd repayment
Cost of drainure syatem .ol .57 3.1 311 51.06 s1.02 1.01 §1.02
Percentass payabls 154 153 hone | 9 lone BO 156 L9
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TAPLF D. ATEQUACY OF VARICOS REPAYMENT RATES PFR ACRE '

TR PLANS ¥ DISTRICT CSGAMIZATICN, FREVCHMAN-CAMBRINGE NIVISIOW

Plan of reorganization and | oayment - Doergtlon Possible contractual obligation of dralns
repayment rates | espacity Maintenance | Laterals TFater service  Trains  Surplus | Amount Percent
i | Payable
Recommended reorganisation of I !
existing districts | ]
Frenchaoar Valley (22,229 al:res)| R
EL.LS or 100 cercert | % 5.09 8 2.L0 LI T % % 0.20 £1.00 4195 $ 1.0 100
3.11 o1 67 sercent | 683 2,50 1 1.33 .20 . 101 .57 1.01 100
2.5 ar 71 percent ! 6.8% 2.42 | 1.33 .20 V97 -0l 1.01 95
1.60% or 58 percent | 6.B% 2.42 1.33 - 18 .05 -.92 1.01 9
Fﬂn:h.l:_—?lnbrigge : ’
acres '
3.1L or 127 percent by 2.65 ! 1.2® n.2n 1.02 0.8 1.02 100
2.5C ar 89 percent - 2.65 | 1.28 .2 1,02 ¥one 1.c2 10
1.9% or 89 percent 5,79 2.65 i 1.28 .20 .50, -2 1.02 Lg
1.2 or 72 vercent L 5.9 2.55 | * 2R .18 -1 -192 1.92 i
i i :
Aecrganization as ope district i '
67,850 acres) | !
$3.55 or 100 percent, . 6.15 20 | 130 0.20 1.02 1.03 Loz 100
2.5C or 83 percent 615 2.7 | 130 .20 1.00 -.02 1.02 98 p
2.32 or B0 ercent . 515 280 |} 1.30 «20 - 102 -.20 1.02 80
% 1.0 or 68 percent i 6.15 2.50 1 1.30 18 q .12 -.20 1.02 12 L2
1
, | 5

#As provided -iﬂ'uisung contract with Frenchman-Cambridge Irrigation District, 21.L42 for construction and § .18 for water suvoly.
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In Reply Refer To:
0 737

Y UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION
Washington 25, D.C.

September 13, 1951

Tos Regional Director, Denver, Colorado
Froms: Commissioner

Subject: Definite Plan Report on the Frenchman~Cambridge Division,
Missouri River Basin Project

Reference is made to your letter of June 15, 1951, submitting
the definite plan report on the Frenchman-Cambridge Division, Missouri
River Basin Project to this office and recommending that the plan of
development and your proposals relative to reorganization of districts
and repayment contracts be approved.

The report is a well organized, comprehensive, and factual
record of project investigations and plans, It recognizes that project
construction, already well underway, must be completed in the best way
possible, and every effort made to obtain the best repayment contract
possible, Toward this end, the report and the physical plan of develop-
ment proposed therein, your plan for irrigation district reorganization,
and your proposals regarding repayment contracts are hereby approved.
The comments of the various offices here, of the Chief Engineer, and of
the Chief, Branch of Hydrology, are summarized in the following para=
graphs for your information and for your consideration and guidance
when the report is first revised.

The proJject land discussions and the agricultural economy
analyses are comprehensive and thorough. However, exception is taken
to the procedure of establishing’economic classes, such as A, B, & C,
for repayment considerations. In this instance, the basis for the
regrouping of the Bureau land subclasses appears to be sufficlently
justifiable. Apparently, the differentials in permissible development
cost limits, established for the land classification, were inadequate
for the type of economy anticipated. Experience has demonstrated,
however, that it is more desirable to revise the land classification
than to carry two repayment classification designations for a specific
land tract. The statements on payment capacity and recommendations
pertinent to contract negotiations, therefore, should be limited in
terms of the basic Bureau land classes and in accordance with Table C
of your June 15 letter of transmittal. Thereby, Groups A, B, and C
become land classes 1, 2, and 3. The land classification should be
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revised in accordance with the regroupings shown in Table 13 of
Appendix VIIT, and supplementary statements should be appended to
the report describing this action and the results.

It would be desirable, as a matter of record in the definite
plan report, that the economic study for the Frenchman-Cambridge Divi-
sion be revised on the basis of the proposed new price level and new
procedure for evaluating benefits and costs and the ihcreased flood
control benefits to the project as a result of the recent floods in
the area. You have been previously authorized to use this new pro-
cedure for benefit-cost analyses in evaluating Missouri Basin Units.
In regard to the revised flood control benefits, we presume that the -
floods that have occurred recently in the general area and to the south
warrant a restudy of flood control benefits.

Chepter 5 (Water Supply) of the report should include appro=
priate language to indicate that the Republican River Compact has been
considered and complied with in the water supply studies. A summary of
the study of the Hepublican River Basin, showing compliance with the
Compact, should be presented and a statement or table included showing
that the Frenchman~Cambridge Division could be operated with tolerable
shortases if Colorado and Kansas were to utilize all their allocated
waters,

The report states that more detailed studies were being made
for revised estimates of sedimentation that will take place in the
proposed reservoirs in the Kansas River Basin, It is stated that these
studies, although not final, indicate some disagreement with the
original estimates. These sediment studies should be completed as socon
as possible in order that a firm estimate of the amount of space require
for sediment can be made for the Enders, Swanson Lake, and Medicine
Creek Reservo:rs, If the studies indicate that there is an appreciable
increase in the amount of storage space required for sediment, it is
possible that the acreage to be irrigated in the Frenchman-Cambridge
Division may need to be decreased.

In connection with the cost estimates, appropriate methods
of estimating were used to determine the field cost of the various
properties, exclusive of contingencies, and, in general, the unit
prices are believed to be adequate. However, the allowance for
contingencies for some of the properties appears to be low, especially
where the estirates are based on meager data. In most cases, with the
exception of the properties where the work is completed or partly
completed, the contingency item is listed as 15 percent on the DC-l.
The allowance for contingencies should vary from 15 percent for prelimi-
nary estimates to 25 percent for reconnaissance estimates, as recommende:
in the Mamual, Volume X, Chapter 8.3, depending upon the amount and
certainty of the data.The general allowances for investigations,
engineering, and general expenses also appear to be low,
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The drainage plan presented in the report comprises a pre-
liminary estimate made with only a few days' study of very limited
available data and field conditions in February 1950. Up to the time
of the report, little progress had been made toward collecting and
interpreting the basic data considered necessary for the development
of the drainage plan for the definite plan report. This indicates
that, as a result of more detailed study in this connection, there
may be an increase in the project cost for drainage. Also, an examina-
tion of the project O&M cost indicates that the requirements for
drain maintenance have not been fully recognized. Completion of the
irrigable area surveys and studies necessary to formulate a drainage
plan, which the report indicates are underway, would permit (1) the
establishment of the irrigable area with the assurance of no further
significant changes, (2) a reappraisal of project drainage requirements
on a more rational basis, and (3) a review of cost estimates for
drainage and for drain maintenance.

In the discussion of project repayment in the report, the
districts' obligations include $677,000 for land drainage, which is
only 36 percent of the estimated cost for drainage. This is on the
basis of $1.60 per acre payment by the districts. Your letter of
transmittal proposes that the districts be given the alternative of
increasing the $1.60 to pay the remainder of the drainage cost or, in
lieu thereof, building the drainage works needed aiter the drain
construction cost reaches $677,000, Ve agree that one or the other
is necessary. Whichever procedure is followed, the obligations of the
district should be made very clear in the contracts. Any drainage
works to be built by the districts should have prlor approval by the
Bureau,

It is noted that the plan for this Division does not propose
any development of power., Rven if power development is not. included,
the power potentialities should, nevertheless, be discussed., If the
development. of power was not considered, a statement justifying this
position should be included in the report. On the other hand, if
studies relating to development of power were made, the results should
be surmarized and included in the report.

In addition to the above comments, your attention is called
to the more detailed comments of the Chief Engineer and the Chief, Hydro
logy Branch, and to minor discrepancles which were noted by these two
offices.

/a/ Michael W. Straus

In duplicate
Copies to: Chief, Engineer, Denver, Colorado
Chief Hydrology Branch, Denver, Colorado
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In reply refer to:
0 204

Y UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION
DENVER FEDERAL CENTER
DENVER 2, COLORADO

August 23, 1951

Tos Commissioner
From: Chief Engineer

Subject: Review of definite plan report on Frenchman-Cambridge Division
Missouri River Basin Project, Nebraska, dated February 1951

Please refer to memorandum to the Washington conferees on
the review of the above report from Acting Assistant Director, Branch
of Project Flamning, D. V. McCarthy.

Cost Estimates

The Official Estimate PF-1 revised 12-7-50 is included in
Appendix I, Designs and Estimates. The total estimated cost of the
division, exclusive of the Red Willow Dam and Heserveir, based on
Jamuary 1950 prices, is shown as $68,457,000. The Basic Hstimate DC-1
which supperts the PF-l is not included in either the report or the
appendix, However, a DC-l estimate dated April 1951, showing the
total estimated cost to be $66,597,000 based on April 1951 prices,
is available iA this office. The two estimates are not comparable
because of the wide variations in the brealdown of costs by accounts,
and therefore the costs shown on the PF=l cannot be checked with the
data available. Since prices as of January 1950 and April 1951 are
about the same, apparently these wide variations in account costs are
due to changes in property classification and posegibly design changes
and more complete data.

A very good description of the various properties, including
sizes of structures, capacities, apecifications, extra work orders,
orders for changes, data upon which estimates are based, etc., is in-
cluded on the April 1951 DC-l estimate. These show that the estimates
vary from accurate estimates based on actual cost data to recommaissance
estimates based on very meager data.

Appropriate methods of estimating were used to determine the

field cost of the various propertles exclusive of contingesncies, and
in general the unit prices are believed to be adequate. However, the
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allowance for contingencies for some of the properties appears to be
low, especia.ly where the estimates are based on meager data. 1In most
cases, with the exception of the properties where the work is completed
or partly completed, the contingency iter is listed as 15 percent on
the DC-1. The allowance for contingencies should vary from 15 percent
for preliminary estimates to 25 percent for reconnaissance estimates,
as recommended in the Manual, Volume X, Chapter 8.3, dependent upon
the amount and certainty of the data,

Where several assumptions are requlred in estimating a
particular property or type of property, for example, a drainage
system based on an estimated percentage of land requiring drainage,
an estimated length of drains per acre, and an estimated cost per
mile of drains, the contingency allowance should probably be even
greater than 25 percent. Another example is a lateral system based
on an estimated length of laterals per acre, and an estimated cost per
mile., There may also be instances where contingencies are erroneously
omitted in the estimate because the estimate is based on similar work
that was completed without any changes of plan or other uncertainties
of any kind, This is a rare possibility, but nevertheless it should be
considered in estimating. The general allowances for investigations,
engineering, and general expenses are also low,

Canal and Lateral System

The details of the plans for the construction work still to
be done on the canals and lateral system are not given, so no comments
can be made as to their adequacy.

Dams

Three storage dams are involved in the Frenchman-Cambridge
Division; Eriders, Medicine Creek, and Trenton. Since the designs shown
in the report are specifications designs prepared by the office of the
Chief Engineer, and the estimates shown are based on construction costs
for Enders and Medicine Creek Dams and on contract costs for Trenton
Dam, they are considered to be entirely satisfsctory.
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Drainage

The drainage plan presented in the report comprises a pre-
liminary estimate made with but a few days! study of very limited
available data and field conditions in February 1950. The purpose of
this estimate at that time was to develop a revised project cost to
present at a meeting with the Irrigation District shortly after the
estimate was made. Up to the time of the report, little progress had
been made toward collecting and interpreting the basic data considered
necessary for the development of a drainage plan for the definite plan
report. It is mentioned in the appendixes that the determination of the
irrigable area has not heen completed and that exploration of the
substrata for drainage appraisal is only partially completed, Pre-
liminary resuvlts of sodium and permeability tests ocn lands in the
Cambridge Unit indicate that some 2,000 acres presently designated as
irrigable may be found unsuitable for irrigation development. The
results also point toward the possibility of an increase in project
costs for drainage.

With respect to operation and maintenance costs for the
project, the appendix lists personnel and equipment deemed necessary
and presents the estimated average cost for the Division of $176,000
per year, This cost and the inclusion of only one dragline in the
equipment list lead to the conclusion that the requirements for drain
maintenarnce have not been fully recognized,

In the discussion of project repayment, the recommended obli-
gation for the Frenciman-Cambridge District includes 677,000 for land
drainage. This is only 36 percent of the estim ted coést for drainage
of $1,872,000. The statement is made that it is not possible to
increase the repayment obligation to cover this deficit because of
past contractual commitments which limit the repayment liability. The
report assumes that when the need for drain construction exceed $677,000
the district will pay for such construction from its surplus payment
capacity. Under the existing contract there will be only $178,000,
or about 10 percent of the total estimated cost, left for drain con-
struction if the bids coinecide with the estimated costs of the lateral
system.

The completion of the irrigable area surveys and the studies
necessary to formulate a drainage plan would permit (1) the establish-
ment of the irrigable area with the assurance of no further significant
changes, (2) a reappraisal of project drainage requirements on a more
rational basis, and (3) a review of the cost estimates for drainage
operation and maintenance of the Division, The situation is not
desirable because of the repayment limitation and will probably lead
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to a considerable loss of land because negotiation of additional
contracts for drain construction will be difficult and actual con-
struction cannot be anticipated before considerable damage 1is
experienced. Nevertheless, under the circumstances, there does not
appear to be a practical alternative to the procedure set forth in
the report.

/s/ L. N, McClellan
Enclosure:

Reconciliations and Discrepancies

Copy to: Assistant to Commissioner-—Engineering
Regional Director, Denver, Colorado
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Definite Flan Report——Frenchman-Cambridge Division

Reconciliations and
Discrepancies

Sheeta

Page ili. Beverly-Riverside Canal. This is shown as
Riverside on General Map,

Report, |
Page 5, Paragraph 4, Line 6. 47 milea, Summary sheet vii
ELVEQ ll-g -3 L k

Page 9, Paragraph 5, Line 2 and Table, page 13, 92,200
acre-feet, Table, page 4, gives 92,300,

Page 13, Frenchman Unit Cost $7,703,700. Summary Sheet iii

gives (7,703,500,

Page 14, Meeker Driftwood. Cost $6,173,200, Summary

sheet iii gives $6,173,000.

Page 15. Cambridge, Cost $9,280,500, Summary sheet iii

gives $9,280,300,

Page 15, Development Project Flan. Cost {1,806,000,
SummarySheet 1v gives $1,806,200,

Page 17, Paragraph 3, Line 4, Change filty to silty.

Page 46, Paragraph 2, Line 2, 2,676,400 cubic yards.
Summary Sheet, page vii, says 2,000,000,

Page 49, Paragraph 1, Line 8. 165 cfs. Summary Sheet vii
says 180 efs,

Page 63, Paragraph 1, Line 10, 1.87 acre-feet. Summary

Sheet, page vi, bottom table, gives 1.86,

Page 80, Paragraph 5, and table, Page Bl, do not agree with

the classification shown in table at top of Page v, Summary
Sheets,

Page 85, Paragraph 2, Lines 2 and 3. 158 and 156 days., /
Page 16, last line, says 155 days.

In order to conform with the Uniform Cost Classification, the
items "Fencing" and "Cattle guards" shown on the DC=l in Account 37 under

Property Class 06 should be shown in Account 33, Structures and
Improvements,

KS002197



Part 1

Part 2
Part 3

Part L

Part 5

Frenchman-Cambridge Division Definite Plan Report

Missouri River Basin Project

General Plan of Development

AEEéndixea
Appendix I
Avppendix II
Appendix IIT
IV

=
VI

Appendix VII
VIII
X

Designs and Estimates
Water Supply

Flood Hydrology
Sediment Control

Fish and Wildlife
Recreation

Project Lands

Agricultural Economy
Financial Analysis

KS002198



SUMMARY SHEETS

Frenchman-Cambridge Division, Kansas River District
Missouri River Basin Project

LOCATION s Southwestern Nebraska, on the Republican River and
tributaries, extending from Enders and Trenton to
3 miles east of Orleans, Region 7.

AUTHORIZED: December 22, 194L, by Act of Congress (P. L. 53kL, 78th
Congress, 2d Session). See Senate Document 247, 78th
Congress, 2d Session, 19LkL.

PTAN

The Frenchman-Cambridge Division is being developed on the
Republican River and L of its tributaries in Nebraska.
Division w rks w1l regulate run-off for flood and sediment
control and for irrigation af 68,570 acres, including 13,550
acres now irrigated. Enders, Trenton, Medicine Creek, and

Red Willow Dams (the latter te be constructed by the Corps of
Engineers) will store water for irrigation use. Lands will be
served by 1, canals which will divert by gravity from the reser-
voirs or from L diversion dams. No municipalities will be
furnished water and no power will be developed in the division,
Repayment of distribution system costs and a token payment on
other costs will be previded for by a combination water service
and repayment contract in accordance with Sections 2(d) and 9(e)
of the Reclamation Act of 1939. Successive LO-year repayment
contracts and revenue from Missouri River Basin power sales
will be required to pay remaining reimbursable costs. Water
will be provided to the McIain Canal and stream pumps under
the provisions of the Warren Act. Substantial annual benefits
will accrue from irrigation, flood control, fish and wildlife
conservation, recreation, and stream pollution abatement.,
Intangible benefits will arise from sediment control and from
stabllization of agriculture and business in the area.

DEFINITE PIAN REPORTS

Vol, 1 + &+ « « « General Plan of Development for Frenchman-
Cambridge Division, including Enders Dam,
Trenton Dam, and Medicine Creek Dam
VOl. 2 . a & s = Ba-rtley cﬂ-nﬂl, Red Willow Unit
Subsequent design volumes will be prepared in the order
determined by construction schedules.

ii
Rev. No. 1 2/5/52
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Frenchman Unit

Meeker=-Driftwood Unit

Red Willow Unit

Cambridge Unit

COSTS

Total Division
Total Dams

Enders Dam and Rﬁaem*r s 8 8 8 8 8 . $ 8,231,000

Trenton Dam and Swanson Lake . . « «- . » 23,654,000
Red #illow Dam and Reservoir (USCE). . . 9,540,000
Medicine Creek Dam and Reservoir . . . . 7,006,000

Total unit. . .
Culbertson Diversion Dam « + o o « & o ¢ o o & o o o & &

Distribution Drainage
Canals Canals Systen System
mﬂ_rtsﬂn a4 ® 5 @ @ &2 ;EB HO 3
BEVErl’y-RiVErBidﬁ e 0w 3 a 100 Ipr 100)
Famars. s = 3 ® ® & @ h2 1400 21,900) %88,1&00
Culbertson Exte) » o o
Culb. Ext. Upper;. v « 2,611,000 L36,900)
Culb. Exte LOwer)s « o

Subtotals for unit %5,500,300 $la170,200 7888, 500
Total wnit.: -

Distribution Drainage

Canals Canals System System
Upper Meeker . .« « « « $1,320,100)

Driftwood. « =« ¢ « « « 2, 57% 900; $930, 700 $637,100
Meeker Extension . « » 05,200

Subtotals for unit W‘Z‘GFW Wo,700 637,100

Total unit. . .
Red Willow Creek Diversion Dam « « o ¢ « & s ¢ o a s s &
Bartley Diversion Dam. « + « o & o« s ¢ o« s o« & s s s s = &

Diastribution Drainage
Canals Canals s§stan System
Héﬁm 4 8 A& & 8 * B @ $ §13100 E ] 700 $ =i
Red Willow « « » « » » 1,250,900 204,300 193,000
BartlBYI " ¥ B & ¥ B & 1 518 600 223£ '—'!GO 31.:‘;? 300

Subtotals for unit §2, $153,500 T500;, 300

Total unit. . .
Cambridge Diversion Dam. ¢« « o« s s o« & s ¢ s s o « 2 s » &
Cambridgﬂ Diversion Dam mBnSiUn- B+t % ® + = & & & & = @

500

Distribution Iralnage

Canals Canals S gtem Svesten
GEIT"erge- *® = & s @ = $6 506’ ; 00 Eﬁa %?’B ,»_‘;UU
HOJ bI‘OOR s & = & & 5 & 1,} ‘900 Jl ’900
Subtotals for unit §8, 712 s ?5 $959, 706 $730,L00

iii

7 000

$L8,431,000

$7,703,500
— 50,600

3

$7,6Lk,900

$6,173,000

$6,1.73,000

$l,603,000
_Lﬁa ,300

359,000

$3,818,700

49,260,300
550,000

327,500

$8,102,800
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Other Coats
Frenchman~Cambridge farm unit development « « o «
General service equipment « « « « « s 5 ¢+ o s o
Operation and maintenance during construction . .
DBVBIOment of project plﬂn B & * 3 & ® 2 8 » 8 8

BENEFITS AND REPAYMENT

Subtotal Development Costs

$1,806,200
52,000
81,300
372,500
1,300, 000

v e
. s
& @

Flood Fish and Irrigation
control wildlife Recreation 90~yr pericd Total
Enders Dam &
Reservolir $181,900 $L,000 $22,500
Frenchman Unit -100 $388,L00 -$596,700
Trenton Dam &
Swanson Lake 243,800 5,900 38,000
Meeker~Driftwood
Unit 3,200 196,000  LB6,900
Red Willow Dam & not not,
. Reservoir (USCE) L47,500 available available
Red Willow Unit 2,000 193,000  2L2,H00
Medicine Creek
Dam & Reservoir 76,800 L,500 27,900
Cambridge Unit ‘9’%&3 _ 270,600 379,800
Subtotals 4550;000 $15, §85,T00  $T,0048,000 41,708,500

Pollution abatement benefit resulting from
maintaining 50 efs minimum flow in river at MecCook
Total (rounded)

a/ 1Included in Red Willow Unit benefits
Benefit-cost ratio, 90-yr. period « « « o « o ¢ o o
IRRIGATION REPAYMENT - LO YEARS

Frenchman Valley Irrigation District, 22,020 ac. .
Frenchman-Cambridge Irrigation District, 45,660 ac.
McLain Canal and stream pumps, 890 ac.

Totaltdlilltlltutl.i.llltti

LI L 8 * @

Allocation, tentative
Nonreimbursable; flood control « » « » $19,337,000
Reimbursable; lrrig., rec., f&w « « + »
Irrigation repayment, lst ﬂO YrBe' o o &
Balance to be repald by successive

repayment contracts and Missouri
Basin power revenues

L L} LI a 8 @ a a4 - 8 @ LI

iv

13,600
$I,?20,566
-69 :+ 1,00

5;2 '5-214’900
3,021,400

35,600
s??B‘I’_‘, ,900

= s s @

58,660,000
5.582,000

$53,078,000
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TRRIGATION
Classification of irrigable land

Clags 1 Class 2 @1&3@ 3 Total
Item (acres) (acres) (acres) (acres)
Frenchman Unit 11,993 8,625 1,402 22,020
Meeker-Driftwood Unit 8,03L . 7,904 502 16,440
Red Willow Unit _6,?33 5,09% Jggg 11,990
Cambridge Unit 9,516 7,02 17,230
Subtotals 15,976 28,840 3,056 &7, E80
MeLain Canal & Stream Pumps 890

Total i

Present status of irrigable land
Non= Gravity Pump

", irrigated irrigated irrigated Total
Ttem (acres) (acres) (acres) (acres)
Frenchman Unit 11,485 9,980 555 22,020
Meeker-Driftwood Unit 13,516 2,680 24l 16,440
Red Willow Unit l;,]s.ég - ggg 11,990
Cambridge Unit 15,57 - 1 17,230
Subtotals ST I5E0 3,277 67580
McLain Canal & Stream Pumps = 180 710 890
68,570

Taotals I, 703 12,840 3,987

Present distribution of irrigable land by irrigation districts

Included in TIneluded in To be

Frnch.~Camb, Frnch.Valley included in
Irr, Dist, Irr, Dist., an Irr. Dist,.Total

Item (acres) (acres) ~(acres) (acres)
Frenchman Unit 3,550 9,450 9,020 22,020
Meeker-Driftwood Unit 6,820 - 9,620 16,440
Red Villow Unit lg, 290 - 1,000 11,990
Cambridge Unit 15,630 - 1,600 17,230

Subtotals | : M0 PLO0 57,680

McLain Canal & Stream Pumps 890

Total ' 8,570
v
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Anticipated distribution of irrigable land by irrigation diatricts
Frnch, Camb, Frnch, Valley Warren Act

Irr,. Dist. Irr. Dist, Contract

(acres) (acres) (acres) Total

Frenchman Unit - 22,020 - 22,020

Meeker-Driftwood Unit  16,LLO e - 16,440

Red Willow Unit 11,990 - - 11,990

Cambridge Unit 17,230 - e 17,230
McLain Canal & Stream

Pumps - - 890 890

Total 15,550 22,020 “g9%0  B8,570

Amortization data Frenchman=Cambridge Division

Land Pg/ment C;E“’-E'Z
Claas ana ass verage
Payment Capacity/ac yr $0e %5

0&M & Replacements/ac .60 2 60 2. 60 2,60
Amortization Gapacitwfzz/br

L) ] [ ] *
Life of repayment contract (after S-year development period) - 4O years.

Farm operating unitss At present, based on acres of cropland; 125 units
under 125 acres; 194 units, 125—2&9 acresy B3 units, 250-374 acres;

52 units, 375-499 acres; and L7 units, 500 acres and over. Anticipated,
based on acres of irrigable land in existing farms; 131 units under

50 acres; 109 units, 50-99 acres; 106 units, 100-149 acres; 69 units,
150-199 acres; and 86 units, 200 acres and over,

Ownership unitss At present L89 units under 160 acres of irrigable
land; 110 units, 161-320 acres; and 18 units, 321 acres and over. No
water to be delivered to more than 160 irrigable acres under single
ownership or 320 acres in joint tenancy.

Growing season 158 days at McCook and 156 days at Cambridge,

Elevation of project area, msl 2,735 to 2,015 ft,

Units
Meeker- —
Frenchman Driftwood Red Willow Cambridge
{Teet) (Teet) (Teet) (Teet
Consumptive use requirement
average annual 2,46 2,46 2,48 - 2.48"
Effective precipitation
average annual 1,39 1.h3 1,50 1454
Diversion requirement
average annual 2,05 1,95 1.86 1,78

vi
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Canals

Culbertson

Beverly-Riverside

Farmers

Culbertson Extension

Culbertson Extension
(Upper)

Culbertson Extension
(Lower)

Upper Meeker

Driftwood .

Meeker Extension b/

MeCook ¢

Red Willow ¢/

Bartley

Cambridge

Holbrook

Initial First water All project
Length Capacity Acres to be lands to be
(miles) (efs) served _ applied a/ irrigated a/
25,8 Los 10,800  April 1955  April 1956
14.8 60 2,870 April 1956 April 1957
2,2 12 110 April 1956  April 1956
15.5 180 1,720  April 1955  April 1957
13,2 78 3,580 April 1955 April 1957
1944 300 5,210 April 1954 April 1955
17.3 205 L,620 April 1955 April 1956
6,610 April 1955 April 1956
5¢3 18 600 April 1956 April 1957
21,7 100 4,360 May 1955 May 1957
19.8 130 7,030 Aprdil 1954 April 195%
L9.3 325 15,630  April 1951  April 1953
1740 36 1,600 April 1958  April 1958

a/ Subject to availability of appropriations due to national

emergencys

b/ Includes 2 canal sections, one

5.5 miles long, initial capacity

2Ly second-feet and onz 10,7 miles long, initial capacity 100 second=feet,
o/ Subject to coustruction of Red Willow Reservolir by the Corps

of Engineers,

MUNICIPAL WATER

POWER
DAMS

Enders:
Trenton:

Red Willow:
Medicine Creek:

None

None

Location

On Frenchman Creek one mile south of Enders

On Republican River 24 miles west of Trenton
On Red Willow Creek 10 miles north of McCook
On Medicine Creek 9 miles north of Cambridge

Maximum Spillway
structural Volume capacity
Type height (ft) (cu yds) (cfs)
Enders Farth-fill 13L + 1,700,000 200,000
Trenton Earth-fill bk + 7,800,000 133,000
Red Willow (USCE) Earth-fill 90 + — 102,000
Medicine Creek Barth-fill 180 + 2,000,000 97,800
vil
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RESERVOIRS

Swanson Red Willow Medicine
Fnders Lake (USCE) Creek
Elevation at maximum
controlled storage, msl 3,127.0 2,773.0 2,559.0 2,386.2
Active storage, ac-ft,
Initial conditions 66,000 251,900 L48,500 86,300
Capacity below bottom
outlets ac-ft,
Initial conditions 8,500 ks, 700 0 6,000
Storage allotted for 50 years of operation as followss
Conservation ac-ft 5,500 0 0 800
Sedimentation ac-ft 10,000  6L,000 8,500 a/ . 15,000
Irrigation ac-ft 29,000 58,800 18,000 &/ 24,200
Flood control ac-ft 30,000 133,800 22,000 52,300
Total ac-ft 74,500 256,600 L8,500 92,300
E/ Based on Bureau of Reclamation Studies
DIVERSION DAMS
Red Willow
Culbertson Creek Bartley Cambridge
Concrete with Farth dike Concrete Concrete
gtoplogs and & concrete  slab on ogee sec=
vertical 1ift weir over- sheet  tion (weir)

Type gates
Height above old

stream bed, ft 10 22
Initial canal

capacity, cfs Los 118

Design flood, cfs

viii

flow section piling

130

325
9L, 000
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HYDRULOG!
Red Willow Medicine

Tnders Trenton (USCE) Creek

Contributing drainage -

area sq I 820 l,003 296 656
Amnual run-off average

ac-ft (1929-1947) 60,700 151,000 19,900 58,500
Annual run-off 65,100 5h2,200 30, 800 125,500

maximum ac-ft (1935) (1935)  (1947) (1947)
Annual run-off 54,500 7L,000 12,700 37,200

minimum ac-ft (1939) (1940) (1939) (1929)
Peak discharge 11,600 200,000 30,000 111,000

of records, cfs (June 1940)  (May 1935) (June 1947) (June 1947)
Minimum discharge 5 0 L2 6
of records, cfs (March 1938) Intermit- (Sept 1943) (Jan 1928)

tently
Inflow design 300,000 396,000 140,000 300,000
flood, ac-ft vol, 84 hrs vol, 72 hrs vol. 72 hrs
Inflow design flood,
peak discharge, cfs 200,000 295,000 130,000 200,000
REMARKS

The Frenchman-Cambridge Division contains 68,570 acres classified
as irrigable., The plan for ultimate development of these irrigable
lands provides for contracts with 2 irrigation districts. The
Frenchman-Cambiidge Irrigation District, which will include the
Meeker-Driftwood, Red viillow, and Cambridge Units, was organized

in 1946. At present this district contains 36,990 acres; after
final development it will be expanded to a total of L5,660 acres,
The Frenchman Valley Irrigation District, which was originally
organized in 1911, now comprises 9,450 acres. After reorganization
is accomplished, the Frenchman Valley Irrigation District will
include all of the 22,020 acres in the Frenchman Unit. The remalin-
ing 890 acres of the division consists of private developments which
will be sold water under a Warren Act contract.

Construction of Enders Dam, Medicine Creek Dam, and Cambridge
Diversion Dam is completed. The Cambridge Canal is under con-
struction and rehabilitation of the existing Meeker Canal has
been effected., Total construction costs for the Frenchman-
Canbridge Division to November 30, 1950 was $25,652,000. Funds
available for fiscal year 1951 are $11,895,000.

ix
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CHAPTER I
INTRODUCTION

Summary and Conclusions

The water supply study presented in this report shows all
the anticipated operatlve uses of water., The study takes into con-
slderation the future requirements for water above and below the
Frenchman=Cambridge Division as well as the requirements in the
division. The factors which make up the total use of water are
planned irrigation, private lrrigation, farm ponds, recreation,
stream pollution abatement requirements, and municipal, domestic,
and industrial requirements.

This water supply appendix includes a summary of the deple=
tions to the inflow to Swanson Lake made by the Upper Republican
Divison of the Republican River drainage and upstream private develop-
ment and also summarizes the effect of the Frenchman-Cambridge Division
development on the Bostwick Divislon.

The water available for development of the Frenchman-
Cambridge Division is the water supply remaining after upstream
development. Upstream depletions will result from the bullding of
I reservoirs which will provide storage for the irrigation of 13,000
acres in the Upper Republican Division. Wray Reservoir, on the
Upper Republican River, Bonny Reservoir on the South Fork of the
Republican River, and Parks Reservoir on Rock Creek would have
irrigation storage capacity at the end of 50 years of operation of
8,000, 33,000, and 10,000 acre-feet, respectively. Ploneer Reservoir
would be built to provide flood protection. Besides the foregoing
depletions for planned development, depletions totaling 800 acre-feet
were made for the development of farm ponds and depletions were made
for the private development of 6,700 acres in the Upper Republican
Division.

2 Irrigation of 68,570 acres in the Frenchman-Cambridge
Division would be accomplished by using water stored in L reservoirs.
These reservoirs at the end of 50 years of operation would have the
following active irrigation storage capacities: Enders Reservoir,
29,000 acre-feet; Swanson Lake, 58,800 acre-feet; Red Willow Reser-
volr, 18,000 acre-feet; and Medicine Creek Reservoir, 24,200 acre-
fdet, These reservolrs will provide sufficlent storage capacity
for irrigation of all the land in the division which is economically
feasible to irrigate, The study shows 22,910 acres in the Frenchman
Unit, 16,LL0 acres in the Meeker-Driftwood Upit, 11,990 acres in
the Red Willow Unit, and 17,230 acres in the Cambridge Unit can be
provided an adequate water supply.

The study anticipates that 1,100 acre-feet of water will

be used by the development of farm ponds along Frenchman, Stinking
Water, Red Willow, and Medicine Creeks, and that a total of 8,950
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Introduction

acres will be irripated by private development along these creeks.,
Depletions of the water supply for this pond and private irrigation
development were made.

Water requirements for municipal, domestic, and industrial
uses were also considered., No depletions for these uses in the
Frenchman-Cambridge Division were made because water for them is
now obtained from wells and no ilmportant inerease can be foreseen.

Stream pollution abatement has been studied by the Public
Health Service and they have recommended minimum flows at eritical
points along the river. An analysis of stream-flow conditions
after the proposed development shows that there will be sufficient
water in the river at the critical points to meet these minimum
flow recommendations, except during August 1931, August, September,
and October 1943, and October 19Ll. Releases were made from
Medicine Creek Reservoir to meet these Public Health requirements,

After depletions to the water supply for the development
of the Frenchman-Cambridge Dlvision were made another study was
made te show the amount of water that will be needed for the develop-
ment of the downstream areas. This study shows that there is a
water supply for the development of downstream areas after all
planned upstream development takes place. The downstream depletions
will be reported in detail at a later date.

Stream-flow historical records are not available at all
stations for the entire period of study and it was necessary to
estimate flows at several stations by correlating with existing
records at nearby stations. The accuracy of historical flow records
is considered to be good to fair, depending upon the type of station,
except for periods of ice effect when all records are considered to
be poor. The stream-flow estimates are all considered to be
reasonable,

This proposed plan does not contemplate pumping from the
ground water for any planned development. It is anticipated, how-
ever, that some of the proposed private developments will be accom-
plished by developing wells, An observation program of the ground-
water table is being initiated by the Geological Survey by establish-
ing observation wells. This program will make it possible to note
any changes in the ground-water table due to irrigation and will
enable early detection of problem areas resulting from poor drainage.

A1l surface water which has been analyzed for mineral con-
stituents are "excellent" for irrigation. Wells generally provide
excellent irrigation water although some of them have water with a
slightly high total salt content which makes it negesgary to rate
them as providing only “good" irrigation water.
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All water requirements are based upon the Lowry-Johnson
method for determining consumptive use., The weather records used
in making the study are available at stations in or near the area
for which water requirements were determined.

In general it is anticipated that owners of water rizhts
along the Republican River will choose to obtain water from the sur-
face distribution provided by the Frenchman-Cambridge Irrigation
District rather than exercise their water rights and continue pump-
ing from the river. A water supply for the land irrigated under
these rights has been provided because these lands are included in
the acreage for which water supplies have been determined,

Water rights in the Frenchman-Cambridge Division for the
use of natural flow and stored water are senior to any downstream
rights except for the storage right in Harlan County Reservoir,
which is senior to the Swanson Lake and Red Willow Reservoirs.

This study is based upon the supposition that the owners
of lands under the present Meeker Canal and the Culbertson Canal
will choose to receive a water supply from the Bureau of Reclamation
and will sign a contract for delivery of water,

The owners of lands under the Culbertson Canal are in the
Frenchman Valley Irrigation District, If they should sign a con-
tract for purchasing supplemental water only, and do not choose to
sign a contract for rehabilitation of their canal, the problem of
serving the McCook tablelands will be materially increased because
it is proposed to serve this area by extending the Culbertson Canal.

Monthly operation studies for each of the li reservoirs
were made using the water available to the division after upstream
depletions due to future development. These studies were made using
the stream flow and weather conditions thet existed during the
period 1929 through 1947. This period was used because it contains
the period 1931 through 1940 which is the longest known period of
sustained drought. It is shown that there is an adequate water
supply to meet demands that would be made during such a period.

The studies were made with each reservoir storing all the
water flowing into it and allowing water to spill only when the
reservoir was full, Return flows entering the stream from irrigated
lands were rediverted in the operation studies at the first down-
stream diversion dam and were effective in materially reducing the
storage requirements from reservoirs. During the winter season they
contributed to the stream flow and to the inflow of downstream
regervoirs,

An analysis of shortapes in the water supply studies was
made to show the effect of enforcing priority of storage and it is

3
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shown that it would have been necegsary to pass water downstream
only once during the period of study, if priority rights were
enforced. The amount of water that could have been demanded by
downstream reservoirs would not have been enough to cause intoler-
able shortages on the upstream lands. The use of storage water is
based upon the concept that storage water can be administered to
supplement natural flow so that all areas proposed for development
will share the water supply.

The operation studies presented herein show there is
sufficient water to develop all irrigable lands in the Frenchman-
Cambridge Division. An analysis of priority administration shows
the junior priorities of Swanson Lake and Red Willow Reservoirs
will not prohibit the development of lands served by them.

Recent sedimentation studies indicate that more sediment
will be deposited in Medicine Creek Reservoir than was provided for
as a result of original estimates. The studies alsc show that less
sediment will be deposited in Enders Reservoir and Swanson Lake
than originally estimated, The additional storage space in these
two reservoira which are upstream from the Cambridge Unit lands
will be uszed to offset the reduction in space due to the accumula-
tion of sediment in Medicine Creek Reservoir., The maximum use of
the reservoirs will be accomplished by comstruction at the earlliest
date of the proposed canal systems.

General Plan for Development of Frenchman-Cambridge Division

This report provides the water supply information for the
general plan of development for the Frenchman-Cambridge Division
and gives definite plan water supply data for Enders and Medicine
Creek Reservolirs and Swanson Lake, A definite plan of operation of
these reservoirs must necessarily include detailed analysis of water
requirements for all of the irrigation systems involved., In addition
it has been necessary to provide complete information of the Red
Willow Unit in order to determine the water from the Republican River
divertable at the Cambridge Diversion Dam.

Although the definite plan reports for the canal systems,
served from these reservoirs, are not scheduled until later dates,
definite plan water supply data is ineluded in this report for these
canal sgystems and the lands which are served. If there is no sub-
gequent change in plan, the water supply data for these canal systems
80 included, will not be resubmitted, but reference will be made to
this report and additional supplemental data will be transmitted.

The proposed plan for the irrigation development of the
Frenchman-Cambridge Division is a plan for the development of the
portion of the Republican River drainage basin west of Harlan County
Reservolr and east of Swanson Lake and Enders Reservoirs. This area
is outlined on the Kansas River Basin map, exhibit 1. The existing
development and the proposed development are outlined on the division
map, exhibit 2.
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Introduction

. Four reservoirs are planned for the development of irri-
gation in the Frenchman-Cambridge Division. These would be multiple-
purpose reservoirs and will provide recreatlonal facilities and flood
control benefits in addition to irrigation storage. The L reservoirs
would provide storage for 130,000 acre-feet of irrigation water,
which would be adequate for irrigation of the 68,570 irrigable acres
in the division. WNo production of power from these reservoirs is
planned, because it is not considered economically feasible.

At the present time, there are 15,937 acres being irrigated
in the division, and an additional 3,105 acres are not in the district
which are or can be irrigated from wells. There are 12,660 acres
which are irrigated from a gravity system and 3,277 acres now irri=-
gated from wells in the district. Due to the low flow of the streams
in the late summer, the irrigated land is in need of a supplemental
water supply. Any new development in the division is dependent upon
the construction of storage reservoirs to make avallable, during the
irrigation season, the winter flows and flood runoff that is normally
lost.

The Frenchman-Cambridge Irrigation District was organized
on April 8, 1946, to serve the lands of the Frenehman-Cambridge
Division as it existed at that time. The district as organized
includes the land under the Farmers Canal, Riverside Canal, Meeker
Canal, Red Willow Northside Canal, Red Willow Southside Canal and
Cambridge Northside Canal, amounting to about 11,000 acres., This
district signed a repayment contract on May 29, 1947, with the United
States, to supply water to these lands,

The original plan of development for this district provided
for storage only in Enders and Medicine Creek Reservoirs, since there
was an adequate water supply from these sources for the 41,000 acres
included in the district and for a supplemental water supply to the
lands now bping irrigated under the Culbertson Canal and the 690
acres served by stream pumps and a stream diversion. Subsequent to
the formation of this Irrigetion District, the construction of the
Trenton Dam has been initiated under an emergency flood control
appropriation, and the Red Willow Dam has been added to the plan of
development allowing for the development of a larger area to be
irrigated, totaling 68,570 acres,

Lands that would be served under the present plan, that
are not included in the present Frenchman-Canbridge Irrigation
District, include lands now served by the Culbertson Canal in the
Frenchman Irrigation Districts and new lands that would be served
under extension of the present Culbertson Canal, new lands under
the Beverly-Riverside Canal, new lande in Meeker-Driftwood Unit,
and new lands under the Holbrook Canal,

It is proposed to negotiate a new contract with the Frenchman-
Cambridge Irrigation Pistrict and exchange Enders storage water for
¢
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Swanson Lake storage water so that the area under the Culbertson Canal
could be served. Under the present plan Enders Dam would serve the
Frenchman Creek Unit outlined in exhibits 1 and 2. TFor siamplicity
in operational problems, it has been proposed to incorporate all

the land in the Frenchman-Cambridge Division into one irrigation
district. Because the Frenchman Valley Irrigation District may not
wish to lose 1lts identity, one alternate plan has been proposed.
Under this plan, the land now in the Frenchman-Cambridge Irrigation
District under the Riverside and Farmers Canals and the land west

of McCook and east of the Red Willow-Hitchcock County line would be
withdrawn from the digtrict., This land along with the land under the
Culbertson Canal Extension and land under the Beverly Canal could
then be added to the Frenchman Valley Irrigation District and could
then be served from Enders Reservolr as one unit.

Three of the dams (Enders, Trenton, and Medicine Creek)
are being constructed by the Bureau of Reclamation, Medicine Creek
Dam was completed in December 1919, Enders in October 1950 and
Trenton Dam, which is now under construction is scheduled for com-
pletion in January 155L. It is planned that the Corps of Engineers
will construct Red Willow Dam. Construction of these dams was
authorized by Public Law 53L, 78th Congress, as units included in
the Missouri River Basin Project, The plan of development outlined
in Senate Document No. 191, was revised by Senate Document No, 247
ags a coordinated plan of the Corps of Engineers and the Bureau of
Reclamation.

The water supply for the development of irrigation in the
Frenchman-Cambridge Division will be water stored in Swanson Lake,
Enders, Red Willow and Medicine Creek Reserveoirs and sectional
acecretions in stream flow between the storage reservoirs and the
diversion dams including return flows from irrigated lands. The
distribution of stored waters as assumed in the studies can be
accomplished i1f the Federal Government will retain control of the
water stored in reservoirs built, or to be built with federal funds
for irrigation purposes, to the extent that such storage water can
be administered to supplement natural flow so that all areas proposed
for development in the Republican Basin will share the available
water supply.

Exhibit 3 is a bar graph showing the avallable stream-flow
records that have been used in this study. Table 1 lists all stream-
flow stations in the division and adjoining drainage areas where
records were used in this study. The period of record, type of gage,
source of data and average flow are shown for each station,

; + Exhibit L ie a map showing the location of all gaging stabions
listed in table 1.

Exhibit 5 presents pgraphs of historical precipitation over
the different units in the Frenchman-Cambridge Division. The graph for
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Introduction

the Meeker-Driftwcod Unit is fairly representative of the area and

is the mean of records for McCook and Culbertson. Using the data

for the Meeker-Driftwood Unit, it is interesting to note that the
occurrence of droughts has been fairly frequent during the period

of record, 1882-1947., The average annual precipitation for this
period was 20,03 inches. Some periods of sustained drought, when

the total annual precipitation remained less than 20,03 inches, and
the respective totals of annual precipitation for the drought periods
are as follows:

1893-96 (L years) 14,91 inches
1898-190L (L years) 17.00 inches
1906-1L §9 years) 17,04 inches
1916-22 (7 years) 16,93 inchas
1931-L0 (10 years) 17.20 inches 1/

The Bureau of Reclamation has filed with the state of
Nebraska for appropriation rights to water stored in Enders and
Medicine Creek Reservoirs for irrigation., These filings include
space in the reservoirs for sediment and dead storage. At this
date, no filings have yet been made for appropriation rights for
water to be stored in Red Willow and Swanson Lake Reservoirs. 4
filing for the right to construct Trenton Dam was made with the
Nebraska Department of Roads and Irrigation on November 19, 19L9.
The dates of filing and storage rights applied for Enders and
Medi.cine Creek Reservoirs are as follows:

Reservoir Storage Priority Date
Enders L, 079 ac-ft May 1, 19L6
Medicine Creek 40,000 ac-ft May 1, 19L6

The reservoirs are so located that it would be physically possible
to serve more than one unit with storage water from each of the 3
upper reservoirs in Nebraska, Enders, Swanson Lake, and Red Willow,
. but the plan of development presented herein, which is based on the
available river flow record for the 19-year period of study (1929~
1947) indicates that it would not be necessary to release stored
water from more than one reservoir to serve any unit,

It should be noted that the appropriation for the storage
of water in Harlan County Reservoir has a priority date of January
26, 1948, which is junior to the Medicine Creek and Enders Reservoir
appropriations but senior to that of the Red Willow and Swanson Lake
Reservoirs. The Republican basin studies indicate that the Frenchman-
Cambridge development will not adversely affect the proposed development

1/ Includes the 3 years of 1933, ‘1935, and 1938, which were slightly
above average.
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of the downstream Bostwiclk Division which will be served from Harlan
County and Lovewell Reservolrs.

The 10-year period of 1931 through 19L0 is consicered to
be the most critical and is included in the period of operation
studies (1929-L7). It is very probable that droughts in the 1893
through 1901 period would have been alleviated by carry-over
reservolir storage from the wet years of 1891 and 1B97, The wet year
of 1905 would have provided storage water for the dry period of
1906-1l;, the records indicate the reservoirs would have spilled in
1915, one of the wettest years on record, thus providing carry-over
reservoir storage for the dry years of 1916 through 1922,

It is apparent from exhibit % that the wet period of 1927
through 1930, having an average annual precipitation of 25.66 inches,
would have provided enough run-off to fill the storage reservecirs.
Trial river and reservolr operation studies indicate that all of
the reservoirs would have spilled, or very nearly spilled, in 1928
and 1930, For this reason, all of the reservolrs were assumed full
at the beginning of the operation studies.

The irrigation storage that will be available in the
reservoirs after 50 years of operation has been used in this study.
A separate appendix is being prepared and will be submitted at a
later date to show the effect of sediment deposition on the raeservoir
content.

K5002234



CHAPTER II
FRENCHMAN UNIT

General Plan for Development

Under the proposed plan for development of the Frenchman Unit
" an adequate water supply would be provided by the storage in Enders
Ressrvoir to furnish a needed supplemental supply to all land now
irrigated in the unit and to irrigate all the remaining irrigable
land in the Frenchman Valley. There is a possibility thet a con-
giderable area above Palisade will be developed by private meana.
The stream flow above Enders Dam was depleted by a quartity large
enough to irrigate an additional 4,850 acres, and the accretion of
stream flow between Enders Dam and Palisade was decreased enough to
irpigate an additional 1,750 acress This 1,750 acres would be located
along Frenchman Cresk and along Stinking Water Creek. Releases were
made from Enders Reservoir sufficient to furnish a supplemental water
supply for 890 acres between Enders Dam and Palisade, Nebraska, that
are now irrigated by pumps and stream diversion.

The Culbertson Diversion Dam at Palisade, Nebraska, would be
rebuilt and the entire area in the unit would be served by dlverslons
from this dam. Two main canals would serve the area, see exhibit 2.
The Culbertson Canal would be reconstructed to a capacity of LOS
second-feet and have a total length of approximately 6L miles. This
would include the area now served by the Culbertson Canzl, the area
under the proposed extension of the Culbertson Canal, and the area
under the Farmers Canal. The area on the south side of the creek’
would be served by the Beverly-Riverside Canal which would divert
water from the Culbertson Canal at a point approximately 3 miles
below the Culbertson Diversion Dam, crossing Frenchman Creek through
a giphon. Diversion works serving the present Beverly-Riverside
and Farmers Canals would be abandoned,

Construction of Enders Dam was commenoed on March 11, 1947. The
closure of the dam was made October 2, 1950

Reservoir capacities

Enders Reservoir is designed with sufficient capacity to provide
adequate space for the accumulation of sediment. It is estimated
that 10,000 acre-feet of storage space is required. This amount was
based on studies for small reservoirs with consideration for the size
.and use of the reservoirs studied and also the estimated sediment
load of the Republican River.

The distribution of the amount of sediment estimated to be de-
posited in Enders Reservoir in 50 years was based on studles of actual
sediment distribution in other Bureau of Reclamation reservoirs,

15
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Frenchman Unit

adjusted to conform to the topography of Enders Reservoir. For a
100~year period the storage space required for sediment was estimated
to be double that of a S0-year periode

Table 2.--Enders Reservoir storage capacity allocations

acre-feet
50-year 100=year
Initial conditions tonditions
¢onditions (10,000 ac-ft (20,000 ac=ft
(no sediment) sediment) sedinent)
aocum. alloc. accum. alloc. accum, alloc.
0 0 0
Dead storage 8,500 5,500 2,500
Lip of irrig. outlet elevs
30080.0 feet 8,500 5,500 2,500
Active irrig. storage 36,000 29,000 22,000
Top of irrig. pool &levs
3112.3 feet Lk, 500 34,500 2L,500
Flood control storage 30,000 30,000 30,000
Top of Ilood control pool
elevs 312 717 0 ?1“ 500 6)4, 500 51]-, SOD
Total storage . (4,500 6L,500 5L, 500

Operation studies were based on conditions estimated to exist in
the reservoir at the end of 50 years. The irrigation storage available
at that time will be 29,000 acre-feet. Some water can reasonably be
expected to be stored in the reservoir area as bank storage. The effect
of bank storage would be to increase the storage capacity of the reser-
voire This increased storage that might be claimed due to the bank
storage has not been used in this study because the quantity and rate
of inflow and outflow from the bank has not been established.

Sediment studies now in progress indicate that the estimated re-
quirement of 10,000 acre-feet for sedimentation in 50 years used in
this study may be reduced to about 2,000 acre-feet., Using the latter
figure in this study would not change materially the present plan,
Detailed sediment studies willl appear in the Sediment Appendix,

Areas served

The present proposal requires that the Culbertson Diversion Dam
near Palisade, Nebraska, be rehabilitated and used to divert water
from Frenchman Creek to the Culbertson Canal which will serve 22,020
irrigable acres in the Frenchman Unit. Depletions have also been
made to give a supplemental supply to 890 acres under the MeClain
Canal and stream pumpse The water released from Enders Dam and the
gain in flow for Frenchman Creek, which will include the flow of
Stinking Water Creek, will be diverted by the Culbertson Diversion
Dam,

16
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The existing Culbertscn Canal will be enlarged and extended and
will dellver water to the present Farmers Canal and to the Beverly-
Riverside Canals New land that will be served includes 1,350 acres
in the presently irrigated area, 7,940 acres under the extension of
the Culbertson Canal, 410 acres under the Farmers Canal and 2,340
acres under the Beverly-Riverslde Canals The Farmers Canal which
at one time served 270 acres will be reconstructed to irrigate L10
acres. The old Farmers Canal head gate will be abandoned and the
canal will be served with water through a lateral from the Culbertson
Canal. An area of 2,870 acres will be irrigated from the Culbertson
Canal on the south side of Frenchman Creek through the Beverly-River-
slde Canal which will divert from the Culbertson Canal about 3 miles
below the head gate. The canal will cross the creek in a siphon about
3 miles below the Culbertson Diversion Dam. The acreage under the
Beverly-Riverside Canal includes 530 acres of land now irrigated under
the Riverside Canal. The existing Riverside Diversion Dan will be
abandonédd.

The area to be served under the Beverly-Riverside Canal and the
Farmers Canal was determined from the detailed land classification
surveys The acreage to be served under the Culbertson Canal was
obtained from a semidetailed land classification. A revision of
these flgures may be necessary after the soil survey is checked
against topographle maps. The area under the Culbertson Canal exten-
sion and the stream pumps was determined by a reconnaissance land
classification survey.

Table 3.=-=Project areas under each canal in the Frenchman Unit

Acres for irrigation in project

Presently .

Canals irrigated New lands Total
Culbertson Canal 9y s B
Beverly-Riverside Canal, gravity 530 1,785 2,315

" " ", wells 555 0 555
Farmers Canal 0 110 L1o
Culbertson Canal Extension 0 7,940 7,940
Stream Pumps 890a/ 0 890

Total - 11,125 11,465 22,910

a/ Includes 180 acres under McClain Canal on Stinking water Creek,
The entire 890 acres are to receive storage benefits only.

Water Resources

Frenclman Creek heads in Logan and Phillips Counties in eastern
Colorade and flows southeastward, joining the Republican River at
Culbertson, Nebraska. Frenclman Creek and its principal tributary,
Stinking Water Creek, drain an area, a considerable portion of which
is sand hills and therefore they have a very uniform flow throughout
the yvears

17
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Frenchman Unit

Available stream-flow records

P o

Historical records of the flow of Fréhcmah Creek at Enders,
Hamlet, Palisade, and Gulbertaon[wera used to determine the available
flow at required points. The period of record, average flow, type of
gage, source of data, and the coﬂtributing drainage area for these
stations are shown in table 2. Culbertson is the only station in the
unit where historical records of the Frenchman Creek flow are complete
for the entire period of study, The Palisade records are considered to
be only fair. All other records used are considered to be good except
for periods of ice effect when they are considered poor, The period
of record at these stations .is shown graphically in exhibit 3,

Stream=flow correlations Eﬂg estimates

Historical stream-flow records at all pertinent locations are not
available for the entire periods of study, namely 1929 through 1947
The use of correlations with available records at other stations was
necessary in order to complete the records for use in the operation
studies.

Concurrent historical records of Frenchman Creek near Enders,
Nebraska, were correlated with records near Hamlet, exhibit 6, and
the missing Enders! records were supplied by entering the curve with
the known runoff at the gage near Hamlet. Table L presents the
historical and estimated runoff of Frenchman Creek near Enders (at
Enders Dam Site) for the period of study,

Historieal flow records of Frenchman Creek near Hamlet, Nebraska,
for the period of study are complete with the exeeptlon of the October
1928 through April 1929. These months were estimated from a correla-
tion curve, exhibit 7, on which concurrent historieal records near
Hamlet were plotted against historical records at Culbertson. Table 5
presents the monthly historical runoff of Frenchman Creek near Hamlet,
Nebraska.

Exhibit 8 presents a curve resulting from plotting concurrent
historical records of Frenchman Creek near Palisade with records at
Culbertson. Using this curve and the historical records of the flow
at Culbertson, the missing flow for the period January 1931 through
September 1917 was estimated, see table 6.

Historical records for the period of study of Frenchman Creek
runoff at Culbertson are shown in table 7,

Ground water
Since 193l a program supported by the University of Nebraska,
the Nebraska Department of Roads and Irrigation, and the United States

Geological Survey has been conducted to provide for periodic measure-
ments of the depth of water in observation wells in the valleys of

18
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June July Aug, Sept. Total

May

Apr,

Mar,

{Discharge in 1000 acre-feet)
Dec. Jan, ‘Feb.
5.3

Nov.

Oct.

Table L. Historical Run-off of Frenchman Creek at Enders Dam. 1/

Year
1929
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1/

Historical Run-off of Frenchman Creek near Hamlet, Nebraska,

Table 5.

(Unit - 1000 acre-feet)

Total

Mar. Apr. Mzy June July Aug. Sept.

Feb.

Dec.

Nov.

Year

Jan.,

Cct.

1929
1930

6.3 5.1 5.3 72.5

7.6

558 600 6oh 691 6;-6 61:2 6.)-1

5.7

Avg.

Regmainder

1928 - Apr. 1929 based on correlation with Frenchman Creek at Culbertson.

are records.

1/ oct.
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Total

Septe.

June July Aug.

(Unit - 1000 Acre-feet)

Feb.

Apr. lMay

Mar.

Historical flow of Fremchman Creek near Palisade 1/
Nov. Dec. Jan,

Oct.

Table 6.

Year
1929
1830

Tho2
87.8
61.9
75.1

.8
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(Unit - 1000 acre-feet)
" Dec. Jan. Feb. Mar. Apr. May June July Aug. Sert. Total

Nov.

Historical flow of Frenchman Creek at Culbertson. 1/

0oct.

Table 7.
Year
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91.5
108.0
91.2

2,8
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6.5
2.9 4.0

L.L

9.3

9.7 10.8 9.3 8.3

9.6

7.4 9.6

1/ Mouth of Frenchman Creek

ob
5

1946

1947

Total
Average 5.l



Frenchman Unit -

Frenchman Creek and the Republican River, It was not until 1945 that
the more intensive ground-water investigations were initiated as part
of the Missouri River Basin development plan.

A cooperative program between the Bureau of Reclamation and the
Geologlcal Survey has been established for the atudy of the ground
water in the Frenchman Creek Valleys This program will establish a
history of the conditions which will be used as a basis for obsarving
ground-water changes resulting from irrigation.

Prior to June 1, 1950, there were 16 observation wells in the
area between Enders Reservoir and Culbertson, Nebraska, from which
the Geological Survey has collected ground-water data. There have
been 27 observation wells added to the observation program of which
22 were jetted during May and June 1950, and 5 ave used fur irrigation.

The Bureau of Reclamation has requested the Geclogical Survey to
prepare depth to ground-water and water-table contour maps of the area
between Enders and Culbertson by August 1, 1951,

The over=all ground-water conditions during the.peried of record
indicate that there has been no appreciasble change in the ground-water
levels In the Frenchman Creek Valley the depth to water table in the
reach between Enders Dam and Culbertson range from 12 to 16 feet below
the surface of the ground. "In the upland areas water is obtained from
saturated sands and gravels of the Ogallala formation of Tertiary age in
depths ranging from 75 to about LOO feet, but only a few of the wells
are more than 250 feet deep. Wells in the alluvial valley lands range
fran 10 to 4O feet in depth depending on the thickness of alluvial
dsposits." 1/ =

Geologic cross sections of Frenchman Creek Valley near Enders and
the Hayes=Hitchcock County line are shown in exhibits 9 and 10. A
cross section of Stinking Water Creek near Wauneta is shown in exhibit 11.

Frenchman Creek lies 60 to 100 feet below the bordering upland. The
strean has a relatlvely constant flow as a result of being spring-fed
throughout most of its course.

Pumping from wells for irrigation has been practiced for a number
of years, and it is likely that future private developments of this
type will take place to a limited extent.

Quality of water

Analyses of the mineral constituents of Frenchman Creek water
taken from the creek at Enders and Culbertson have been made by the
Geological Survey. The analyses which have been mada since 1947 sre
listed in tables 8 and 9, Table 10 lists analyses of ground water
taken from wells at Culbertson; Palisade, and Waunetas

1/ Ground water in the Wepublican River Basin in Nebraska, Part IV,
Hitchcock, Hayes, Dundy, and Chase Counties, by H.A. Waite, E.$. Reed,
and D.S. Jones, Jr., published by the Universiiy of Nebraska,
Conservation and Survey Division. g4
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Frenchman Unit

The suitability of water for irrigation is dependent upon total
salt concentration, percentage of sodium, boron concentration, and
sodium carbonate or bicarbonate concentration, Permigsible limits
of total salt concentratlon, percentage of sodium and boron concen-
tration are described by L. V. Wilcox, Agronomist, U. 5. Regional
Salinity Rubidoux Laboratory, Riverside, California.&/

Total salt concentration and sodium percentage of the water
analyses listed in tables 8 and 9 are plotted on charts, exhibits 12
and 13. These exhibits show the creek water at Enders and Culbertson
is of excellent quality for irrigation insofar as total salts and
sodium percentage are concerneds The boron concentration of these
waters is low enough for use by all but the most sensitive crops;
therefore Frenchman Creek water can be classified as excellent quality
when boron concentration is considered. All water samples were studied
to determine the sodium carbonate or bicarbonate concentration by msking
hypothetical chemical combinationss These hypothetical chemical com-
binations were made by drawing bar graphs of chemical equivalents
showing the relationship of the carbonates and bicarbonates to the
calcium, magnesium, sodium, and potassiums These bar graphs indicate
that at times the Frenchman Creek water at Enders and Culbertson
carries some concentration of sodium carbonate or bicarbonate.

Although this indicates a possibility of damage to soil J4f this water
is applied it is considered satisfactory for irrigation in this area

because these waters have been used for irrigation sinne ar early as

1890 without apparent detrimental effect to the soils.

Analysis of ground water taken from wells at Culbertscn, Palisade,
and Wauneta have been made and are listed in table 10. Exhibit 1L
indicates the ground waver is satisfactory for irrigation insofar as
percentage of sodium and votal salts are concerned, The largest amounts
of boron reported in any of the samples analyzed is all p.pe.m., which
is not enough to cause dsmage to the most sensitive plants. A study
of the sodium carbonate or bicarbonate cancentratlion indicates there
1s no damaging concentration of these salts in the grousd water of this
area~ Extensive use of ground water for irrigation in +h’ s unit is not
contemplated, however, the analysés listed in table 10 in.ic.te that
ground water could be used in unforseen developments shou.d wake its
use desirable,

The quality of water in the wells does not necesszriiy indicate
the quality of the return flowss Il is not niained to capiure return
flows in the unit and reuse them before they en“er the sicen, For
this reason a detailed study to determine tae roturn flov suciity is
not considered necezsary. Return flows from the presently irrigated
land do not materially deteriorate the creek wavier when the, return
to the streams There is no noticeable differenze in the guality of
water as it passes downstream.

Z? Quality of Water for Irrigation Use," U. S. Departmzrt of Agriculture
Technical Bulletin 962,
"Explanation and Interpretation of Analyses of Irrigation Waters,"
USDA Circular Nos 78l.

33
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EXHIBIT .. DIAGRAM FOR USE IJI INTERPRETING THE ANALYSIS
OF WATER SAMPLES| TAKEN FROM

FRENCHMAN GCREEK, ENDERS, NEBR.
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EXHIBIT i3 DIAGRAM FOR USE IN INTERPRETING TMHE ANALYSIS
OF WATER SAMPLES TAKEN FROM
FRENCHMAN CREEK, CULBERTSON, NEBR,
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EXHIBIT \4 DIAGRAM FOR USE IN INTERPRETING THE ANALYSIS
OF WATER SAMPLES TAKEN FROM WELLS IN
THE FRENCHMAN CREEK UNIT
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Frenchman Unit

Al of the comiunities in the Republican River Valley use water
pumped from wells for domestic water supplies and it is not anticipated
that any of them will wish to use project water in the future, TFcr
this reason no data is presented to show the extent of peollution of

surface water in this report.

The Public Health Service has prepared a detailed report showing
the extent,; types, and major sources of pollution of streams in the
Kansas River Basine 1/ Minimum stream flows necessary below reservoirs
for sanitation are listed in the Public Health Service Report and are
discussed in the section of this Appendix titled, "Releases for Public
Health Service."

Water Rights

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 appropriation to a beneficial
use is concerned. This was embodied in the State Constitution of
1920 Article XV, Sections 5, 6, and 7s The following provisions are
made in Article XV, CS 1929

"The necessity of water for domestic use and for irrigation
purposes in the State of Nebraska is hereby declared to be
a natural want.

"The use of water of every natural stream within the State of
Nebraska is hereby dedicated to the people of the State for
banaficia} purposes, subject to the provisions of the following
section.

"The right to divert unappropriated waters of every natural stream
for beneficial use shall never be denied except when such denial
is demanded by the public interest. Priority of appropriation
shall give the better right as between those using water for the
same purpose, but when the waters of any natural stream are not
sulficient for the use of all ..., those using the water for
domestic purposes shall have preference over those claiming it
for any other purpose, and those using the water for agricultural
purposes shall have preference over those using the same for
manufacturing purposes. Provided, no inferior right to the

use of water .... shall be acquired by a superior right without
just compensation therefore to the inferior user.

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

1/ "Kansas River Basin Water Pollution Investigation" = Federal
Security Agency, Public Health Service, June 1949,
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Frenchman Unit

The Supreme Court of Nebraska has stated that running water is
public, juris; that the use of such water belongs to the public and
is controlled by the state in its sovereign capacity and tha? a
riparian proprietor cannot appropriate water witiout permissiom of
the state. According to the Supreme Court the Department of Roads
and Irrigation has large discretion in granting a right to mgka an
appropriation. It is an administrative body having quasijudicial
functions and, as such, is invested with reasonable discretion in
the exercise of its supervisory power. An appropriation 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 by the department is
subject to appeals ‘

Each appropriative right contains a fixed date which determines
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 diligent
in performing all subsequent acts in completing construction works 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 appropriated so requires. Each priority is
gsenior to all those of later date and junior to all those of earlier
date. Rach appropriative right refers, in addition to the date of
priority, to a specific rate of diversion in cubic feet per second.

Provisions for establishing the date of priority and the amount
of water that may be appropriated are stated in chapter 81, article
6311 of the Nebraska Irrigation and water Power Laws. It is provided
that "Each appropriation shall be determined in its priority and
amount, by the time at which it shall have been made, and the amount
of water which the works are constructed to carry. An appropriator
shall at no time be entitled to the use of more than he can bene-
ficially use for the purpose for which the appropriation may have
been made...esNo allotment from the natural flow of streams for
irrigation shall exceed one cubic foot per second of time for each
seventy acres of land, nor three acre-feet in the aggregate during
one calendar year for each acre of land for which such appropriation
shall have been madess...Provided, that these limitations do not
apply to storage waters and provided, further, that where storage
water is being used in addition to the natural flow, that the water
superintendent shall, upon his request and within twenty-four hours
thereof, be notified in writing by the user of such storage waters of
zheltimﬁ of withdrawal from natural streams, to be distributed according

o law.

A limitation of the use of stored water is set forth in chapter L6,
article 617 of the State of Nebraska Irrigation and Water Power Laws,
which states in part that "No appropriation of stored water for irriga=-
tion shall exceed three acre~fecet during any calendar year."

38
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Frenchman Unit

Active water rights

Above Enders Reservoir, in Nebraska, there are 17 provisional
grants which have been made by the Department of Roads and Irrigation
for use of water from Frenchman Creek. Out of the 17 provisional
grants, 3 are for power purposes. All of these rightz, with the
exception of one, have been in use prior to the peried of study and
therefore their use of water is already reflected in stream-flow
records. A summary of these active grants above Enders Dam and the
area actually irrigated as determined by a field inspection are listed
in table 11, The acreage listed under the provisicnal grant is an
eatimated figure determined by estimating the acreage to be 70 acres
per second-foot of water granted in the water right.

Below Enders Reservoir and above Culbertson, Nebraska, there are
20 active provisional grants of which 14 will be included in the pro=
ject area and will receive supplemental water from Enders Heservoire
The other 6 active grants are not included in the project area. A
tebulation of these rights that are included in the project area and
thoge not included in the project area are shown in tables 12 and 13.

. Six provisional grants, totaling 355 second-feet owned by L power
plants were recently purchased by the Bureau of Reclamation. A tabu-
lation of these grants and the date of purchase are shown in table 1l

Inactive water rights

Inactive provisional grants above and below Enders Reservoir
whilch may not be reestablished as a result of the water laws of the
State of Nebraska are shown in tables 15 and 16.

Ground-water laws

No laws are on the State of Nebraskats statute books that regu-
late the use of ground water. A law relative to artesian water pro-
vides that only the quantity of water that will flow through a pipe
one=half inch in diameter may be allowed to run to waste unless it
is first put to beneflcial use.

Nebraska laws defining land that may be included in a distriet
provide that, "The person, firm, corporation, or municipal corporation
whose land, within any proposed district, is provided with water by
pumping either from well, lake, or stream, shall not be included therein
except upon written applicatiocn of the owner or owners of such land;
Provided that 1,000 gallons per minute of water shall exempt 160 acres
and lesser or greater amounts of water shall exempt in proportion. !

It is interesting to note that under this law a person owning

160 acres and a pump producing 1,000 gallons per minute could not
be included in the district unless he so petitioned.
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Table 1l.--Active Provisional Grants from Frenchman Creek ubove Enders Dam Silc. 1/

-

Location of Provisional Grarv Area
Headgate T feteally
Doec. or Date of Trrigated
Carrier Applic, Noo Priority S T R Use Acres C.F.S. Acres
Champion Mills D-179 12/31/87 21 6 39 Power - 28,30 -
Aberdeen Canal D50a 7/1/88 - 3 5 38 Irrigation 140 2,00 12k a3/
Champion Canal D-L7 12/23/90 23 6 WO Irrigation 1680 2k 00 -
Aberdeen Canal D-50b 2/2/91 3 5 38 Irrigation 35 0.50
Champion Supply Canal A-1108 6/22/11 23 6 Lo Irrigation - 1000 A.F. -
Kilpatrick Res. Canal A-1160 6/22/11 30 6 39 Supply - D-L7 1680
Aberdeen Canal A-1117 7/29/11 3 5 38 Irrigation 110 1,57
© Maranville Canal D-70 12/8/9h 12 6 la Irrigation  L20 6.00 177
Inman Canal D-79 2/28/95 17 6 W Irrigation 105 1.50 -
Inman Canal A-1i36 2/10/98 17 6 O Irrigation LS50 6.43 -
Inman Reservoir A-11L5 12/°8/11 17 6 O Ircigation - 2,000 A,F. 3L7
Shallenberger Canal A-123 12/21/97 25 6 39 Irrigation 12k s W4 4 L3
Champion Creamery A-591 12/21/00 21 6 39 Power - 34440
Arterburn Reservoir A-11L2 11/28/11 1 6 Resort - 1,800 A.F, -
Imperial Power Plant  A-1L7h 2/7/11 25 6 39 Power - 55.00 -
Lake Imperial A-11487 S/i/17 25 6 39 Storage - 960 A.F. 37
Hoffmeister Pump 2575 3/13/36 30 6 38 Irrigation - - 102
White Mansfork & Has irrigated several years no water rights 56
Reservoir
TOTAL 3064 161.47 2566

a/ Total mumber of acres irrigated under Aberdeen Canals,

Data except acreages published in Nebraska Bureau of Roads and Irrigation Biennial Reports.
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Table 12. Active Provisional Grants below Enders Included in Project. _1;/

Location of Provisional Grant Area
Headgate Actually
Doc. or Date of Irrigated
Carrier Applic. No. Priority S T R Use Acres C.F.Sa Acres
Culbertson Canal D-29-30 5/16/90 31 5 33  Irrigation 15,050 215,00 9,450
Farmers Canal D-10 12/19/93 11 3 32 n 700 10.00 27 %:
Riverside Canal D-18 7/28/94 33 L 32 " 8L0 12,00 %
A-167h 7/3/21 33 h 32 " 213 2.90 532 5
Grimn Pumps 425152 s/24/35 15 5 35 . 83 1.19 2§
Ja
Krausnick Pump A-2705 3/2/317 3 5 37 u 39 0.56 21 3
Wise Pump A-2722 8/10/371 22 5 35 " 97 1.38 102 ?
Follett-Witt Pump  4-2805 11/20/37 35 5 3L " 32 0.46 L2 E':
Severns Pump A-1856 9/11/26 9 L 33 n U 2,01 _§
A-28L7 3/15/38 9 L 33 " 6L 0.91 173 é
Oliver Pump A-2858 L/2/38 16 5 35 n 25 0.35 63 )
Engall-Sims Pump . A-2908 2/9/39 17 5 35 " 86 1.23 90
Gruver Pump 4-2910 2/27/39 5 L 33 " 72 11,03 81
Handel Pump A-3112 3/11/l0 8 L 33 n 95 1.35 88
Mclain Canal a/ D-65 9/2L/Sh 28 7 37 " 175 2.50 180
17,712 252.87 11,145

g_/ Mggg% Canal is located on Stinking Water Creek
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Table 13, Active Provisional Grants Below Enders Dam Site not Included in Project. 1/

Location of Provisiornal Grarnt Area
Headgate - Actually
Doc. or Date of Irrigated
Carrier Applic. No. Priority S T R Use Acres_ C.F.S. Acres
Follett-Krotter Pump A4-705 L/30/03 3 S5 34 Irrigation 300 1.29)
4-720 8/11/03 35 5 3} n 180 2,57)—— 712
A=975 1/15/20 35 5 34 n 399 5.70)
Follett-Krotter A-229N 1/6/33 33 5 34 " 209 2,98)
Extension.
Krotter Canal A-1047 12/15/10 35 5 3L . Irrigation 169 2.12 138
Oliver Canal A-1285 L/28/13 7 5 35 Irrigation 22l 3,20 119
TOTAL ' 181 21,16 569

1/ Data except acreages published in Nebraska Bureau of Roads and Irrigation Biemnial Reports,
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Table 14, Water Rights Purchased by Bureau of Reclamation. 1/

Location of Provisicanl .
Headgate o oate of
Doc. or Date of Purchase
ggrrie_réf’ Applic. No. Priority S T R Use Anyes G
Grosbach-Williams A-2338 7/27/33 5 5 - 37  Power - 75,00 6/29/18
Power Plant
Wauneta Power Plant D-178 7/31/86 11 5 36  Power - 35.00) 3/29/Lh9
A-1136 11/16/11 11 5 36  Power - 75,00)
Krotter Power Plant A-1021 8/17/10 35 5 34  Power - 55.00) 10/14/48
A-1339 12/2/33 35 5 34  Power - 65.00)
Oliver Power Plant A-128L L/28/33 7 5 35  Power - 50.00 6/10/48
TOTAL 355.00

5._/ Grosbach-Williams Power Plant located above Enders Reservoir. All others are below Enders.

}_/ Data except acreages published in Nebraska Bureau of Roads and Irrigation Biennial Reports,
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Table 15, Inactive Provisional Grants above Enders Dam Site which may not be Re~established.l/

Location of Headgate

Provisional Grant

Doc. or Date of
Carrier Applic.No. Priority S T R Use Acres CeFsSa
Lamar Rolling Mills D-1013 12/30/87 18 6 Lo Power - 30.00
Harlan Canal D-56 7/1/88 1 5 38 Irrigation 140 2.00
Gould €anal D67 10/9/9k 1 5 38 Irrigation 140 2.00
North Side Canal A=2U6 2/25/96 21 6 39 Irrigation 55 0e 79
Hoke Canal A-109L 5/1/11 21 6 39 Irrigation 90 1429
Krotter Imperial A=1979 2/10/28 3 5 38 Irrigation - 7000 A.F.
Krotter Imperial Power
Plant A-1980 2/10/28 3 5 38 Power - 55.00
Harlan Canal A-2331 7/11/33 32 6 37 Irrigation 88 1.26
TOTAL 513 92,3k

5/ Data except acreages published in Nebraska Bureau of Roads and Irrigation Biennial Reportse
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Table 16,—~Inactive Provisional Grants below Enders Dam site which may not be Re—
established._a/

Location of

Provisional Grant

headggﬁg__
Doc. or Date of

Carrier Applic. No. Priority § T R Use Acres CoFeSe
Fuller Canal D~62 6/12/94 L 5 36 Irrigation 16?0. 23.86
Frenchman Valley Canal D-38 8/23/94 31 5 33 " 378 5.0
North Guernsey Canal D~Th 1/1L/95 3 5 37 n 91 1,30
South Guernsey Canal D-75 1/14/95 10 5 37 " 1580 22,57
Hagerman Canal A-935 3/11/09 19 5 34 " 60 86
Total 3,779 53.99

a/ Data except acreages published in Nebraska Bureau of Roads and Irrigation Biennial Reportse
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Frenchman Unlt

Antioipated Water Use of Future Private Development

It is anticipated that in the future there will be other deple=
tions to the water supply available to the Frenchman Unit besides
those that will be caused by the develcpment of the irrigable lands.
These other future depletions to the water supply considered in this
study will be water used by private irrigation development, water
used by development of ponds, and water used for municipal and
industrial requirements, Table 21 is a tabulation of the total
depletions from possible future private development of irrigation
and ponds on Frenchman Creek above Enders Dam. Table 22 shows the
total depletions: below Enders Dams

Water use for private irrigation development

Future areas which could be privately irrigated are approximate
values determined by use of maps in the Bureau of Agricultural Economics
publication, June 1941, "Water Facilities Area Plan for the Upper
Republican Basin in Nebraska, Kansas, and Colorado," Above Enders
it is estimated that private irrigators could irrigate 1,850 acres in
Colorado and 3,000 acres in Nebraska in addition to that now being
irrigated. Below Enders Reservoir and above Culbertson Diversion Dam,
it is estimated that private operators could irrigate 1,750 acres,
more than at present, of which 500 acres lie along Frenchman Creek and
1,250 acres lie in the valley of Stinking Water Creek.

Water that could be used by the development of the 4,850 acres
above Enders and by development of the 1,750 acres below Enders is
computed by multiplying the total acreage by the consumptive use ,
requirements of irrigation water as computed for the Frenchman project
area, table 34, These dapletioga are shown in tables 17 and 18,

Some of this possible future development could conceivably obtain
water by punping direct from the stream; however it is likely that most
of this development will obtain its water by pumping from wells. This
developuent from wells would deplete the total annual flow from the
area and would not deplete the flow of the stream in the irrigation
season as greatly as if water were taken direct from the stream. In
this study it was assumed that the pumping was direct from the stream
becauge this condition would impose the most severe demand upon the
stream flow during the irrigation season.

Past and present uses of water above Enders Reservoir and in the
reach of Frenchman Creek between Enders and Palisade, Nebraska, are
already reflected in the historical stream-flow records. For this
reason the presently irrigated lands were not considered when estimating
the future depletions that will be incurred in the development of this
area.s

L6
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Table 17. Depletions for future private irrigation development of L850 acres above Enders Raszrveir im~
Nebraska and Colorado af
1000 acre-feet

Yoar Apr, May June July Aug, Sente - Te  Tulda
== = mepm=ame T =

Ln

1929 0.6 0 0.6 1.6 2,0 0.5 0.1 5.h
1930 0 0 0.3 0.8 1.3 0.5 0 2.9
1931 0 0 0.3 1.9 1.0 1.2 0.5 L9
1932 0.2 0.1 0.3 1.3 1.9 1,3 Ouls 5.5
1933 0.6 0.6 13 1,3 0.5 0.2 0.7 5e2
193h 0.9 1.h 0.3 2.0 1.6 0.8 0.6 7.6
1935 0.4 0 0 1.8 1.4 0.5 0.5 L6
1936 0.8 0.1 33 1.6 2e1 1.0 0.7 T.6
1937 1.0 1.0 0.1 1.6 1.5 33 0.3 6.8
1938 0.3 0 0.8 1.0 1.1 1,0 0.7 L9
1939 0-7 0-9 Ooh 2.1 10? 1.3 ol? 7!8
19’40 0.h 005 1.2 105 1.? 0.9 005 6.7
19h1 0 0.1 0 0.8 1.6 0 0 2.5
943 0.7 & S | 1.0 1.7 Il 1.5 0.5 7.6
194k 0 0 0.1 0.6 1.5 1e3 0.5 L0
1945 0.3 0.2 0.5 1.3 0.7 0.5 0.6 L1
1946 1.3 0 0.2 1.0 1.4 0.6 0 L.5
19L7 0] 0 0 0.3 1.9 . 0.7 0.3 Fo2
Tot;I ) :— m =
Average 0.4 0.3 0a5 .1.h s kely 0.8 0.l 5.2

g/ Based upon consumptive use requirements of 1rr1¢atim ;ater for the Frenchman Unit,
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Table 18--Depletions for future private irrigation development of 1750 acres above Palisade Diversion Dam
’ and below Enders Reservoir
1,000 acre-feet a/

. Year ADT. ‘May June July Aug. Sept, Octe Total
1929 0.2 0 0.2 0.6 0.7 0.2 0.1 2.0
1930 0 0 .1 2 .5 .2 0 1.0
1931 0 0 ol o7 a3 ol o2 1,7
1932 .1 0 .1 .5 5§ o5 3 2.0
1933 e o2 o5 o5 o2 o £ 0l 1.9
193k o3 o5 o1 o1 6 53 .2 2,7
1935 R | 0 0 6 .5 o2 B, 1.6
1936 .3 0 .5 .6 o1 . o2 2T
193? ’ eh .,-l. .1 ns .S .)4 ll 2u'—|-
1938 o1 0 .3 L b 2 o3 1.8
1939 03 03 ol l6 * 06 -5 l3 20?
lgj-l-o 02 02 -h .5 ¢6 .3 92 20’4
1941 0 0 0 i3 .6 0 0 0.9
1942 0 0 0 .6 .5 0 2 1.3
1943 3 oA 23 .6 N 5 o2 2.7
1941 0 0 0 R ) .6 o5 2 1.5
1945 N ; o § X el .3 -l o2 1.5
19L6 4 | 0 3 A .5 .2 0 1.6
1947 0 0 0 .1 o7 o3 a 1.2

"Total
Average 0.2 0.1 0.2 0.5 0.5 0.3 0.1 1.9

a/ Includes 1250 acres on Stinking Water Creek
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Frenchman Unit

Water use for development of ponds

Pond development above and below Enders Reservoir is estimated to
be very amall, Depletions were made for an average annual total of
200 acre-feet above Fnders and 300 acre-feet below Endsrs. These
depletions and their estimated monthly distribution are shown in
tables 19 and 20.

Water use for municipal and industrial requirements

No allowance was made for future municipal and industrial use
above or below Enders Dam. At the present time, all communities in
the unit obtain their water supply from walils,

Project Water Supply

The principle water supply that willbe used in developing the
Frenzhman Unit will be water stored in Enders Reservoir. Stream-flow
accretions on Frenchman Creek between the reservoir and Culbertson
Diversion Dam are considered to be available for diversion at Culbertson
Diversion Dam. Return flow from lands irrigated in the unit will not
be available for reuse. The return flow has been cdetermined to show
the water that will be available below the Frenclman Unit. Depletions
in the water supply due to future private development, tables 21 and 22,
were used in determining the water available for future irrigation
developmente

Reservoir inflow

The water supply available for storage is the historical runoff
at the dam site depleted for possible future private development above
the dam. The depleted inflow at Enders Reservoir, table 23, is the
higtorical flow, table L, less the depletions from possible future
private development for irrigation and ponds, table 2l This water
supply study is based upon an irrigation storage capacity for Enders
Reservoir of 29,000 acre~feet, the irrigation storage capacity at the
end of 50 years of operation.

Stream—-flow sectional accretions

In addition to the water stored in Enders Reservoir, the gain in
flow between Enders and Culbertson Diversion Dam, less the depletions
for private development, is available for project use. To determine
this gain in flow, the historic diversions into Culbertson Canal,
table 2k, were added to the historical river flow at Palisade, table 6,
to produce, table 25, the estimated historical flow of Frenchman Creek
at Culbertson Diversion Dam. The historical runoff at Enders, table
i, was then subtracted from the estimated flow at Culbertson Diversion
Dam to obtain the gain in flow on Frenchman Creek, table 26, in this
section. This gain in the flow includes the water from Stinking Water
Creeke. The gain in this reach was then depleted for possible future
private development, table 22, and is presented in table 27, This

L9
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Table 19--Depletions for future private development of ponds above Enders Reservoir in Nebraska on
Frenchman Creek.

1,000 acre-feet

. Year May June _ Total
1929 0.1 0.1 0.2
1930 wil: ol o
1931 .1 .1 2
1932 .1 .1 o2
1933 .1 .1 .2
193L .1 .1 2
1935 . .1 .2
1936 i | .1 o2
1937 ok 3 .2
1938 A 1 «2
1939 o 8 - 3 42
1940 o | ol ; oD
1941 », | % | ' 2
1942 5 1 o1 2
1943 i | " 3 a2
194k i § 1 .2
1945 1 ik o2
19L6 " 3 «1 42
1947 «1 o | a2

== Tota}._ s T
Average 0.1 0.1 0.2
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Table 20--Depletions for future private development of ponds below Enders Reservoir on Fyenchman Cresek,

1,000 acre-feet

: ~Year May - June July T Total
1929 0.1 0.1 0.1 0.3
1930 i i | .1 wd
1931 -l L] l .l {|3
1932 . vk e | 3
1933 ol vl od. +3
193L P § e | o | 3
1935 sl o o1 3
1936 ° 1 . 01 . 1 . 3
1937 o | o1 &l 3
1938 01 - l .l L] 3
1939 oL ol ok 3
1940 wl 2 ] 1 3
1941 .1 ok 5 ¢ «3
1942 wll ol 74 K .3
1943 #1 ol a1 «3
19,4}4 - l [ ] 1 (] 1 .3
19’45 .l .1 - l 03
1946 o % | .1 o3
19&? -1 L] 1 - 1 L] 3

Total
Avergge 0.1 0.1 0.1 0.3
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Table 21. Total depletions for future private development for irrigation and ponds above Enders Dam a/

(Unit —~ 1000 acre-feet)

Year Apr. Wy June July Aug. Sept. Oct- Total
1929 0.6 X 0.7 1.6 2.0 0.5 Oel 5.6
1930 0 0.1 0.4 0.8 1.3 0.5 0 3.1
1931 6] 0.1 0.4 1.9 1.0 12 0.5 5.1
1932 02 0.2 0.l 1.3 1.9 13 Oels 5.7
1933 0.6 0T Tl 1.3 0.5 0.2 0.7 5.4
1934 0.9 1.9 0.5 2.0 1.6 0.8 0.6 7.8
1935 0.h 0.1 0.1 1.8 1. 0.5 0.5 L8
1936 0.8 0.2 Ly 1.6 2.1 1.0 0.7 7.8
1937 1.0 1.1 gl - 1.6 1.5 1.3 0.3 7.0
1938 0.3 0.1 0.9 1.0 b 1% 1 1.0 07 S.1l
1939 OaT7 1.0 0.5 2.1 1.7 1.3 0.7 8.0
1940 O. L 0.6 1.3 1.5 1% 0.9 0.5 6.9
941 0 G2 0.1 0.8 1.6 0 0 2.7
1942 0 0.1 0.1 1.8 l.UL 0 Oely 3.8
1943 0s7 1.2 1.1 2.7 13 1.5 0.5 7.8
194l 0 0.1 0.2 0.6 1.5 1.3 0.5 Le2
945 " 0.3 0.3 0.6 1.3 0.7 065 0.6 L3
1946 1.3 0.1 0.3 | 1.0 1.l 0.6 0 be7
1947 0 0.1 0.1 0.3 1.9 0.7 0.3. 3ol
Total

Average Ooh Ooll-i 0-6 L Ll. loh 0-8 O.,.I. th

E/ Includes depletions for developing 1850 acres in Colorado; 3000 acres for irrig. and 200 ac-ft
depletion for ponds above Enders Dam Site and below Colo-Nebr. State line.
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Table 22--Depletions from possible future private development of irrigation and ponds between Enders Dam
and Palisade. a/

; (1,000 acre-feet)
Year __ Jan., Feb.  uar. ipr,  lay June July  Aug. Septs, _ Oct. NOV, Dec, Total

1929 0 ) 0 . 0.2 0.1 0.3 0.7 C.7 0.2 0.1 0 0 23
1930 0 0 0 0 a3 .2 o3 <5 .2 0 0 0 %3
1931 o) 0 0 0 I %) .8 = =B obs o2 0 0 2,0
1932 0 0 0 % .1 2 .6 o a5 3 0 0 2.3
1933 0 0 0 o2 .3 b .6 .2 bor .2 0 0 2.2
1934 0 0 0 a3 .6 e, .8 .6 3 a2 0 0 3.0
1935 0 0 0 % | e | " 3 o7 o5 ol o2 0 0] 1.9
1936 0 0 0 +3 T 6 a7 o7 1] 42 0 0 3.0
1937 0 0 0 ali .5 .2 .6 5 N % i 0 0 257
1938 0 0 0 o1 ol o .5 At o3 o3 0 0 Pl
1939 0 0 0 3 2 2 o | 6 o5 -3 0 0 3,0
1940 0 0 0 2 3 .5 .6 6 o3 o2 0 0 2.7
1941 0 0 0 0 .1 i1 b b 0 0 0 0 1,2
1942 0 0 0 0 ol s o7 5 0 22 0 0 1.6
1943 0 0 0 <3 .5 o o A 5 <2 0 0 3.0
194k 0 0 0 0 P 3 .1 o3 .6 .5 o2 o} 0 1.8
1945 0 0 0 a3 .2 .3 .5 03 .2 .2 0 0 1.8
1946 0 0 0 U .1 .2 .5 > 2 0 0 0 1.9
1947 0 o] 0 0 .1 .1 .2 .7 o3 o1 0 0 1.5
Total

Average O 0 0 0.1 0.2 0.3 0.6 0.5 0.3 0.2 0 0 2.2

a/ Inzludes depletions required for private development of 1750 acres and 300 acre~feet for depletions
due to ponds.
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Table 23. Depleted inflow into Enders Reservoir a/

. (Unit - 1000 acre-feet) _ L
Year Jan, Feb., Mar. ipr. May June July  Aug, Sept., Oct, Nov, Dec. _ Total
1929 5.1 5.2 5S4 LB 53 L7 2.6 2.1 L0 Lb k7 b 52,9
1930 Lhel L.8 L.9 L8 5.2 L.7 3.9 3.2 346 Le9 holy 5e3 53.8
1931 5.5 S.h 5.6 5.6 L9 L.3 2.3 149 3.1 Le2 L.7 Le9 5504
1932 s. 5.8 Sl Le7 L6 5.0 3.b Jel 3.0 Le? 5.1 Le8 550

11933 5.8 5.2 53 L5 lio6 2.8 3.1 Lis8 5¢5 L.k 5,2 5.5 5647
1934 5.6 5.2 6.3 L.2 3.1 5.6 21 2.8 3.9 Le3 5¢5 5.3 53,9
1935 5.3 L8 5e5 L.9 7.8 7ok 2.6 2.8 Le0 Le2 5e2 5¢3 59.8
1936 5.6 5.5 5.8 1.8 6.1 3.4 2,3 % 3 3.5 3.6 LeS L8 52,0
1937  L.5 5.1 S.h 3.4 3.6 5.6 3.1 2.8 2.9 ¢ bl LS o8 9.8
1938  L.9 be7 L.9 L.6 L9 53 Le3 3,0 10 3.6 L6 L5 533
1939 5.0 Lok L9 L1 A2 L8 2,1 2.5 2.8 3.6 Le3 Lol 16,1
1940 L3 5.0 5.2 i1 3.6 11.4 307 34l 3.7 o2 Le6 5e¢3 58,2
191 5.k Sel 5.0 5.6 S.L 5.8 Lio6 2.8 Lok 5.3 L.9 5.1 59k
1942 5.6 Soli 59 5.8 5.9 5.8 2.7 3.0 6.1 5.1 Se6 Bel 62.6
1943 5.5 52 5.1 L3 3.6 5.5 3.0 3.5 2.8 k.1 Le9 Le9 52.L
19LL 5.3 5.3 5.6 5.7 5.8 h.9 ok 2 1 | 2,8 boly Sel S.1 57.5
1945 Sl S.1 5.0 L.9 L.6 De3 3ok 3,8 L.l L.9 L.8 5.0 56,6
1946 5.6 5.0 5.4 3.5 1.9 3.9 3.8 2.7 Sel 5.6 5.9 5.5 56.9
1947 5.6 5.3 5.0 h.9 5.1 5.7 5ol 2,6 Le0 - - - L3.3
Total
Average 5.2 5.1 5:3 Lo7 4.8 5.h 3.3 3,1 3.9 Lol Le9 5.0 5501

E/ Historic flow near Bnders less depletlons for future private development of irrigation and ponds above

Enders Dam Site.
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L,0

h.?7 - 5.3

3.5 3.2

0.9
0.7

pt for May-Oct. 1930 which are assumed to be same use per acre as Meeker Canal,

1.6

3.2
1.9

Average L.0
a/ Records exce

1946
1947



Total

Septe

a/

(Unit - 1,000 acre-feet)
Nov, Dec, Jan, Feb, lar. Apr. lay June July Aug.

Oct.

Table 25.. Estimated historical flow of Frenchman Creek at Culbertson Diversion Dam

Year
1929
1930

96,3
102,k
88.8
97.0
90.7

91.8
101,0
9.9

KS002276

8.5

5.2
6.6

6.9
Remainder are correlations

7.4

7.3 Te7 7.4 Tx6 8.4 Tl 9.7 10.5
é/ Oct. 1928 - Dec. 1930 are records plus Culbertson Canal diversions.

7.7

with Frenchman Creek at Culbertson plus Culbertson Canal diversions,

Total
Avg,

1946
1947



Total

Nov, Deco

Octe.

) Sept.

Tuly

(Unit — 1000 acre—feet)
Apr. May June

Mar.

Feb

Jan,

Table 26.~Inflow on Frenchman Creek between Enders Dam and Culbertson Diversion Dam a/

Year

e
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2.k
2.6

6.1 2.8
3.0 2.6 L. L7 2.7 2.1 1.9 2.9 2.4

2.1
a/ Culbertson Diversion Dam run-off considered same as run-off of Frenchman Creek near Palisade plus diversions

into the canal,

Average 2.2

1946
1947
Total
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Table 27.—Depleted inflow on Frenchman Creek between Enders Dam Site and Culbertson Diversion Dam, _a/

(Unit - 1000 acre-feet) _
] Aug, Sepe 0OCL, Nove Decs  Total

1928 s —— ———— — g — —_— L cones —— 3.7 841 2._9 11'-.7

3,0 3.9 3.7 2.6 L.7 2.1 1.0 1.2 1.6 368  3eC Le7  35.3
{930 2.6 2.0 2.5 1.9 81 Ll 3.5 542 302 6.1 5.1 6.7 51.0
1931 1.5 1.1 13 0.9 1.6 1.6 1.6 3.5 0,9 2.1 1.8 261 20,0
1932 1'9 1.8 h-é 3.3 209 3-’4 201 3.0 1.1 3'3 200 1-’4 3008
1933 2.9 3.5  L,3 3.1 2.0 1.8 1.3 Sel 52 3.6 2.9 3.9 3946
193L 3.6 3.2 2.2 0.3 1.7 b7 1.5 1.0 0.8 1.8 1.3 2.5 2L
1935 3.1 2.2 3,2 2.0 18,6 11,0 L9 1.6 2.8 2.2 1.5 2,0 55,1
1936 2.2 2.5 3.k 3.0 4.3 3.1 0.5 0.7 0e7 0,6  0Oub 203 23,7
1937 0.6 1.7 1.9 1.6 1.2 L.l 1.3 1.2 1.0 1,2 1.5 2.1 19.7
1938 2.7 2.2 2,0 2.4 5.0 L2 1.3 1.6 1.6 1.3 1.3 1.7 2743
1939 2.6 1.7 2.6 2.4 2.4 2.4 1.3 1.2 0.7 0.9 1.k 0.5  20.1
1.9"0 0'.6 3.0 h.o 2«5 205 8.3 10? 102 105 202 1'38 ";:7 3"".'°0
1941 3.3 3.1 3.0 3.1 3.5 4.8 2.7 0s5 0.8 3.1 2.0 2,1 32,0
1942 1.3 2. L0 L. 5.l Sl 1.5 1.6 3,2 2,7 1a7 2. 35.7
1943 2.1 2.4k 3.3 2,0 1.3 2.3 1.0 1,1 049 1,3 1.5 1.8 21,0
19k, 1.5 3.0 3,7 Sé& L6 5.1 Lol 1.4 0.6 2.h 2.4 2,1 36.5
945 1.8 20 2.2 1.8 2.9 50 1.6 L7 2.2 3.8 23 L1 285
19L6 2,0 2,0 2,6 1.7 2.9 3.7 b.1 1.0 2.6 6,1 2.8 2. 33,9
2947 1,9 2,0 3.4 2,8 3.8 6.0 3.6 1.2 0.2 — —— et 2k,9

—_—
L]

. \

mra‘e 2.2 2.’4 3.0 2.5 h.2 h.h 2.1 1.8 1-? 2.7 2oh 206 3260

_a_/ Stream accretions between Enders and Culbertson Diversion Dam less depletions by possible future private
development of irrigation and ponds.
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Frencman Unit

sectional gain was utilized only during the summer by diverting the
amount necessary to meet the diversion requirements of lands under
the Frenchman Unit. iater in excess of these diversion requirements
wag passed downstream as waste water, -

Return flow

It has been explained, while discussing the project water supply,
that no return flows are congidered availeble for reuse in the Frenchman
Unlits The return flows that will result from future irrigation davelop-
ment are figured for the purpvuse of determining the flow passing the
unit and available for use downstream.

Return flow is the residusl portion diverted which is not consumed
by evaporation or transpiration. Return flows entering the stream as
live flow are conventionally computed to be a percentage of the differ-
ence between diversion and crop irrigation requirements. Because return
flows from lands presently irrigated are reflected in the historical
flow records, all return flow from the irrigated land under full develop-
ment cannot be considered as increased flow due to development of this
unit. The annual increase in return flow due to the planned development,
table 28,was obtained by determining the return flow from the annual
increase in diversion requirement over present diversicns, This was
done by computing the difference between diversions required for the
planned development, table 36, and the historic diversion, table 2L.

The return flow from the increase in diversion requirement was then
determined to be 75 percent of the water that would be lost in canals
and on the farm in distributing the increased requirement to the crop.
Canal and farm losses are determined to be 25 and 30 percent, respec-
tively, in the following water requirements discussion.

An evaluation of the physical conditions in the area indicates
there are no large areas which would cause great losses of return
flows due to increased consumptive use by trees or other vegetation.
Tt,is estimated that 75 percent of farm losses and distribution losses
will reach the stream bed from the Frenchman Unit.

Monthly distribution of return flow in percent‘of annual return
flow used to determine the distribution of return flows from additional
diversions is as follows:

percent percent percent percent
January 7  April 6  July 9 Oct. 11
February 6 May 7 August 11 Nove 9
March 6 June 8 Septe 12 Dec. 8

These percentages are nearly the same as found in the North Platte
Projects They have been altered slightly because a longer irrigation
season is expected in this area. The distribution of return flows
resulting from the increased diversions required for development of
this unit are listed in table 29.
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Table 28,--Determination of increase in annual return flow over
historical return flow for Frenchman Unit

(Unit - 1000 acre-feet)

Increase Return
Annual Annual in flow from
diversion historic diversion increased

Year requirements diversions a/ requiremen%s diversions b/
1929 L8.8 25,9 22,9 8.2
1930 24.3 2Ll =00l c
1931 L3.1 26,1 17.0 6.1
1932 19,8 36,8 13.0 Le6
1933 47.0 31l.4 15.6 5.6
19314 59-1 c 33“2 2509 9'2
1935 L0.8 26.0 1.8 5.3
1936 53¢5 _? 30,3 23,2 8.3
1937 50,0 &/ 32,6 174 6.2
1938 Lhe3 28.9 15.4 5.5
1939 57.8 ¢/ 33,6 2h.2 806
1940 60,5 30.0 30,5 10,9
19h1 P23,0 19.2 L.O 1.4
1942 31.8 13,8 18,0 6.l
1913 60,5 30,6 29,9 10,6
1944 36.7 22.6 1h.1 560
1945 36,7 23.2 1345 b8
19,6 LO.1 22,0 18,2 6.4
Total
Average L.l 26.9 17.2 6.l

a/ Calendar year

b/ Return flow from increased diversions is equal to 75% (25% of the
= diversion requirement + 30% of the farm delivery requirement)

c/ Shortage year, annual dlversion requirement is diversion made in
™  operation study,
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Table 29.—Distribution of return flow from additional diversiams, a/ - Frenchman Unit

(Uni% = 1000 acre-feet)

Year Jan. Feb, DNar. Apr,  May June  Juiy  Aug. Sept. oOct, Nove  Dec.  Total
% of

Annual 7. 6 6 6 7 8 9 11 12 11 9 8

1929 l’/ Ok Ooly 0.4 0.5 0.6 0.6 0.7 0.9 1.0 0.9 0,7 0.7 7.8
1930 ) o5 o5 0 0 0 0 0 0 0 0 0 1.6
1931 O 0 0 okt A .5 0.5 07 0.7 0.7 005 »5 L9
1932 oh ) eh ah o3 o3 oll- Ooh 0o5 0-5 005 ooh 0!-1 h-9
1933 03 &3 o3 o3 o o5 0.5 0.6 0.7 0.6 0.5 o> 55
2934 ol o3 o3 b ) .l 0.8 1.0° 1.1 1.C 0,8 4 8.3
1935 o7+ o6 6 3 b B 0.5 0.6 0.6 0,6 0.5 oly 6.2
1936 th i3 -3 os .6 l? Oo? 069 I‘..O 019 0.7 e? 7;?
93% 6 . 3 ol ol o5 0.5 0.7 0.7 0.7 0.6 oD 6.6
1938 olt olt ol o3 ol ol 0.5 0.6 0.7 0.6 0.5 o5 5.7
1939 oli o3 +3 S o6 o1 0.8 0.9 20 3.0+ 0.8 o7 8,0
1940 o6 o9 5 o6 .8 .9 1.0 1.2 1.3 1.2 1,0 o9 10,5
1941 .8 .6 o6 o1 3. % | 0ol 0.1 002 02 0ol o | 3,1
1942 ol ol el ol olt 05 0.6 0.7 0.8 047 0.6 o5 55
19h3 .h oh Bh n6 o? 98 lbo 132 103 102 190 09‘* 9'9
skl o7 o6 o6 o3 wll ol 0ol 0.5 0.6 055 0.5 ol 5.9
1945 ol o3 o3 o3 3 A Os 0.5 0,6 0.5 Ools oli L8
1946 it .3 3 olt oh o5 0.6 0.7 0.8 0.7 0.6 5 642
19]-‘7 oll- oh oh 02 02 ® 2 0 03 0 u3 O o)-l- 0§3 003 13 307
m — — ————— e e e S S e ——— s
Average och O_h Ooh Ooh Uuh Ous ous 0-? 007 Oo? 099 005 601

3/ Corrected for all shortages.

b/ Jan., Feb,, and Mar., Aug. for all other years used.
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Frenchman Unit

Water Requirements

Water requirements for the Frenchman Unit that willl create a
demand on Enders Reservoir include the water required for irrigating
the lands, water lost due to evaporation from the reservoir and water

lost as seepage from the reservoir. The water requirement for irri~-
gation is dependent upon the consumptive use of water by irrigated
crops, the effective precipitation in the area, transportation losses,
and farm losses.

Determination of irrigation and diversion requirements

Reguirements for irrigation water, as treated in the Frenchman
Project area, are based on the several factors listed above affecting
the use of water.

The procedure followed for determining the irrigation and
diversion requirement was as follows: The consumptive use and the
effective preclpitation were first determined. The consumptive use
of irrigation water was then determined by subtracting the effective
precipitation from the consumptive use. The diversion requirements
were then determined as explained in the following discusaion of
diversion requirements. Determination of the above factors is shown
in the following discussion:

Consumptive use.—~The Lowry-Johnson method was employed in
determining the consumptive use requirements for the project area.l/
This method establishes a relationship between effective heat units
and annual consumptive use of water. The correlation was established
with reference to a considerable number of irrigated areas receiving
a full water supply where the difference between total inflows and
outflows could be observed. Consumptive use requirements sjere deter=
mined by using temperature data recorded by the weather station at
Culbertson, Nebraska. This station is considered to represent the
average conditions exlsting in the project area. By determining
the accumulated maximum daily temperatures in degrees above a
minimum of 32 degrees during the effective growing season, it is
possible to determine the annual consumptive use by using the Lowry-
Johnson curve. The effective growing season is defined from a
smoothed curve showing the date on which the minimum temperature
rises above 32 degrees in the spring and remains above it until the
temperature drops below that temperature in the fall, Table 30
presents the computed effactive heat in day degrecs and the annual
consumptive use in feet for the Frenchman Unit.

The annual consumphive use, table 30, was distributed through-
out the year, table 31, by using the following percentages o7 the
annual consumptive use,

1/ "Consumptive Use of Water for Agriculture," by Lowry and Johnson,
Trans. AcquoE-, Pe 12‘43, Vol 107, 19h2¢
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Table 30--Effective heat and consumptive use - day degrees, Frenchman Unit -

Consumptive Use
Year FaT e Apr. May June July Aug., Sept. Qct. Nov, Total in feet b/

—_—

1929 66 1086 1302 1569 1903 1968 1230 997 10,121 2.43
1930 1150 1271 1560 1910 1767 1491 850 9,999 2.1
1971 823 1370 1740  193L 1758 1605 1197 10,k427 2,47
1532 982 1513 1551 198l 1820  1Lh2 673 9,965 2,L0
1933 963 1311 1914 1913 1628 1515 1228 61 10,533 2,50
193k $3 119k 1693 1779 211 1854 1338 1286 290 11,6L1 2.67
1935 205 95L 1011 1512 1987 1820 1413 862 9,76k 237
1936 1065 120 1788 2117 2055 1587 879 10,911 2.55
1937 763 1321 1551 2015 2000 1578 989 10,217 - 2.l
1938 109 1017 1286 1671 1990 1993 158L 1140 10,790 2.54
1939 727 1575 177k 2065 1872 1671 797 10,481 2.L9
1940 864 gk 1761 2015 1798 1539 1258 10,6L9 2,51
1941 877 1472 1512 181Lh 1866 1422 1014 9,977 . 2.1
1942 L8 1053 1318 1503 1956 1767 1302 1051 9,998 2,41
1943 1089 1240 1608 2009 2015 1533 883 10,377 2.U7
9Lk Lk 1463 1578 1730 1773 1539 1137 9,664 2.36
1945 764 1352 1347 1876 1795 1509 10L5 9,688 2.36
19hké 525 1335 1212 1713 1925  .1758  1L9h 825 10,787 2.54
1947 719 1256 146 1792 2015 @ 1632 1463 36 10,359 2.47
Total

Average 16,334 2.L6

a/ Based upon temperatures recorded at Culbertson, Nebraska.
b/ From Lowry and Johnson Curve.
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Table 31l.--—Distribution of Consumptive Use - Frenchman Unit

Feet per acre

Yeac

Jan. Feb. Maro  Apre ey _June July Aug. - Septs Octe  Nove Deco _Total
1929 0.02 0.05 0.12 0.20 0.2l 0.3L4 0.46 0O.hly 0.29 0,15 0.07 0,05 2.43
1930 .02 .05 012 .19 2L W3h A6 U3 .29 «15 .07 «05 2.1
1931 .02 .05 w12 .20 +25 .35 U7 oy <30 .15 .07 .05 2,47
1932 .02 .05 12 .19 2L W3k L6 13 «29 <N 07 +05 2.40
1933 .02 .05 « 32 20 .25 .35 48 .45 <30 .15 .08 <05 2.50
1934 .03 .05 .13 21 .27 .38 .51 148 <32 .16 .08 «05 2,67
1935 .02 .05 oX2 .19 2L .33 45 L3 -28 A .07 05  2.37
1936 .02 .05 .13 .20 26 .36 .48 L6 »33 <15 .08 «05 2.55
1937 «02 .C5 .12 .20 .25 .34 16 olly 029 #15 .07 .05 2.1
1938 .03 .05 <13 <20 025 .36 .48 L6 «30 .15 .08 .05 20,50
1939 .03 .05 .12 .20 .25 .35 47 L5 .30 <15 07 .05 2,49
1911,0 l02 '05 -13 020 .25 ¢35 oua -hS 030 915 008 005 205})
941 .02 .05 32 .19 2L W34 IS .13 .29 «15 <07 <05 2.41
192 .02 .05 12 .19 2L W34 ) U3 .29 15 .07 .05 2. L%
1943 .02 .05 12 .20 .25 .35 A7 Ll .30 15 .07 .05 2.47
19j.l.h 002 005 .12 -19 02'4 -33 chs .h2 028 .M .0? .05 2.36
1945 .02 .05 12 .19 2l <33 <Ii5 L2 .28 <1l 07 <05 2.36
1946 .03 .05 13 .20 .25 .36 .48 L6 «30 <15 .08 .05 2.5
1947 .02 .05 .12 .20 .25 .35 47 i <30 .15 .07 .05 247
Tdtal
Average 0.02  0.05 ©0.12 0.20 C.25 0.35 0.47 0.k  0.29 0,15  0.07  0.05  2.k6
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Frenchman Unit

month reent month  percent month ercent
January 1 May Sept. b 5

February 2 June 1L oct. 6
March 4 July 19 Nov. 3
April 8 Aug, 18 Dec. 2

These percentages are based upon published data secured during
consumptive use studies for the Mason Creek area of the Bolse
Project, Idaho and for the Meésilla Valley, Rio Grande Project,
New Mexico. The percentages used in this study for the months
of July and August are slightly higher than the Boise and Rio
Grande data because it is anticipated that the July and August
requirements will be high due to the crops that will probably be
Er'OWne

Precipitation over Ero%ect area.--Precipitation, as well as
temperature data, were obtained Irom the Ue S. Weather Bureau
station at Culbertson, Nebraska. A tabulation of precipitation in
inches, recorded at Culbertson, Nebraska, for the period of study
1s shown in table 32, _

Since not all precipitation falling on a project area is
effective in meeting consumptive use requirements, the recorded
precipitation must be adjusted to compensate for factors such as
amount and intensity, character of soll surface, storage capacity,
and rate of consumptive use.

Percentages of effectiveness were applied to increments of
monthly rainfall to determine the effective precipitation for this
area. An average of the incremental percentages suggested in the
Water Requirement Section of the Bureau Manual were used.

Precipitation increment Effective precipitation
inches lnches
: percent accumulated
1 75 0.95
2 90 1.85
3 82 2.67
N 66 3633
5 L7 3.82
6 20 .02
7 and over 8 L.10

Effectlve precipitation as determined for the Frenchman Unit is
shown in table 33,

Conpumptive use requirements of irrigation water.--The consump=
tive Use requirements of irrigatio‘ﬁ“waterf’ﬁfewis computed by
subtracting the effective precipitation from the consumptive use.

It will be noted however that table 34 cannot be determined by
subtracting the effective precipitation, table 33, from the consump=-
tive use, table 31, This is because the soil acts as a reservoir
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Table 32 — Precipitation at Culbertsecn, Nebraska =- Inches 9_}‘ ‘

Year  Jau. Feb. lar. Apr, May June July Aug, Sept, Octe Nove Dec. Total
1929 220 .75 .05 1.86 5.31 2.54 1,67 038 2.53 1,62 1.28 0 18.19
1930 1.00 L6 67 3.94 L.l 2.75 L.78 2.1bL 2,38 L.62 2,03 «53 29.74
1931 0 1.02 3.21 1.13 1,19 3.18 o87 3.30 .58 +62 1.26 32 16.68
1932 .60 .50 .20 2.26 3.40  3.90 2,62 51 38 6L o . <15 15.16
1933 .03 .30 1.53 1.93 2,79 .98 2,88 7.33 3.81 0O 30 .10 21.98
193l .20 1.56 .07 1.22 80 L.81 1.10 2,01 2.13 «56 2,00 75 17,21
1935 .20 .38 L6 1.L45 8.33 L.27 L2 1,92 .21 Ll 1,25 .23 21,56
1936 .53 .22 56 1,17 L.37 1.20 1,99 .36 117 0 T 32 11.99
1937 .6l 2 1.19 .6l 1,38 L.8L 1,63 1,85 Jl0 1,19 .08 <30 14,26
1938 2L .1 1.89 2,32 7.80 2.05 3,76 3.35 1.1 »02 0L w13 23,15
1939 .50 W43 1.81 1.38 1.52  3.57 53 L.UT <39 «03 T «8L 12,47
Asko .91 J19 2,97 58 1.87 128 231 1.26 1,54 .52 W45 - 1413 15.01
9l 1.09 .29 .76 2.88 2,94 5.32 L.52 1.39 5,61  1.16 .20 1.50 27.66
1542 32 .87 .82 5.82 1.79 5.72 Sh 1.97 L 61 W61 5l .39 2410
1543 .26 .08 .76 1.71 1.15 2,03 1.39 2,78 .05 «60 .25 +17 11.24
19kk 1.97 .99 .71 7.91 2.53 1.58 5,88 1.28 0L .52 1,02 «33 25.76
1945 .5l .26 .31 2.57 3.0 3.19 2.58 3.80 2.34 «29 +20 «33 19.81
1946 s 12 +13 1.7 .15 L.91 L.LO 3.81  2.27 2.23 6,06 2.21 .10 28,13
1947 .26 .35 b 2.95 2,73 8.18 L.58 L5 2.0l .81 1,22 +93 24,96
Total 379,36
Average 0.51 0.48 1.11 2.31 3,30 3.L46 2.5 2.10 1.89 1.07 o75 oLi5 19.97

a/ U. S. Weather Buresu Published records
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Table 33. Effective precipitation for Frenchman Unit a/

(Feet) _—
Year Jan, Feb, Mar. Apr, May June July Aug, Septs Octe Nov, Dec, Total
1929 0,02 0.06 0 0.1h 0,33 0.19 0.13 0.03 0.19 0.13 0.10 © 1,32
1930 .08 .0l .05 .27 .30 -.21 «31 016 .18 «30 16 0l 2,10
1931 0 .08 .23 .09 .09 .23 .07 2L .05 .05 +10 .03 1.26
1932 .05 .0l .02 .18 .25 <27 .20 .0l .03 «05 0 .01 1,14
1933 0 .02 .12 .15 .21 .08 .21 .34 o 27 0 .02 .01 1.43
1934 .02 .12 .01 .10 .07 31 .09 .15 .16 -0l .15 »06 1,28
1935 .02 .03 .0l <11 3L .29 .03 .15 .18 0h .10 .02 1,35
1936 .0l .02 .0l .09 .29 .09 «15 .03 .09 .01 0 .03 «88
1937 .05 .01 .09 .05 A1 +31 13 olly .03 09 «01 .02 1,04
021938 .02 .01 .15 .18 3bh .16 .27 2L .11 0 0 .01 1ck9
1939 .0l .03 Al .11 .12 .26 .0l " i ] .03 0 0 .07 095
1940 .07 .02 .22 .05 .14 .10 .18 +10 12 <Ol 0L «09 1,17
1941 .09 .02 .06 .21 22 .33 .30 11 +33 .09 .02 .12 1,90
1942 .03 .07 .07 .33 .1l .33 .07 .15 +30 .05 .0k .03 1,61
1943 .02 .01 .06 .13 .09 .16 .11 .21 0 .05 <02 .02 .88
194 <15 .08 .13 .3h .19 12 .33 .10 0 o) .08 .03 1.59
1945 -0l .02 .02 .19 .25 .23 -19 27 .18 .02 .02 .03 1.k6
19L6 .01 .01 .13 .01 .32 .30 <27 .18 .18 i .18 .01 1,94
947 .02 .03 .04 ¥ 22 .20 .3h <30 .0l .16 <07 .10 .07 1,59
Total
Average 0.0l 0.0h 0.08 0.15 0.21 0.23 0.18 0.15 0.1h 0,07 0,06 0.04 1.39

_a_/ Based upon Culbertson, Nebraska, precipitation records.
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Table 34--Consumptive Use Requirements of Irrigation Water
Frenchman Unit
Unit = acre-feet per acre

Year Apr.ﬁ/ MayE/ June July  Aug, Sept. Oct. Total
1929 .13 0 .13 «33 L1 .10 .02 1,12
1930 0 0 .03 #15 27 i | 0 456
1931 0 0 .0k .10 .20 .25 .10 .99
1932 .08 .02 07 .26 «39 .26 .09 1.1
1933 013 -12 .27 l27 .11 I03 .15 1!08
193k .19 .28 .07 L2 .33 .16 ;18 1.57
1935 .09 0 0 «37 .28 .10 .10 RN
1936 .16 .02 .27 «33 U3 .22 1k 1.57
1937 $ 22 .21 .03 .33 + 30 .26 .06 1.41
1938 .08 0 .17 .21 .22 .19 .15 1.02
1939 |15 ola 009 -h3 . t.3h 127 115 1-61
1940 .09 12, .25 .30 W35 .18 .11 1.39
1941 0 .02 .01 .16 .32 0 .02 .53
19!-.-3 115 123 il9 i36 -23 !m -10 1.56
9Ll 0 0 .02 ) «32 .28 .10 N
1945 06 .05 .10 .26 .15 .10 .12 8L
1946 .26 0 .05 21 .28 .12 0 92
1947 0 0 0 .06 L0 W1l .08 .68

a/ Includes one-half of portion of Nov,-Mar. requirement not met by
the effective precipitation period.

¢ W ford o,

\ oo

68

L]

i
f‘)b";yr ﬁ.F/‘"‘ ﬂ

=

e@c;%f"[ |

KS002288



Frenchman Unit

and any unused effective precipitation 1s available for use in the
following monthe For this reason the moisture requirement for any
one month is dependent upon the moisture conditions vf the previous
month. All unused effective precipitation is considsred to be
available for use in the follewing month up to a maximum of 0.5 of

a foote

Consumptive use requirements for the November through March
period, not supplied by effective precipitation, were gatigfied
during April and May. Half the deficiency being supplied in April
and half in May.

Diversion requirements.=-In order to satisfy the crop irrigation
requirement, it is necessary to divert sufficient additiocnal water
to overcame transportation and farm losses. These estimates were
made by operation specialists from the Bureau of Reclamation office
in Region 7. For the Frenchman Unit the farm loss was estimated to
be 30 percent of the farm delivery requirement. Therefore the
consumptive use requirement of irrigation water is multiplied by
the ratio of 100 over 100 minus the 30 percent for farm loss to give
the farm delivery requirement.

Trangportation losses in the distribution system include water
consumed by evaporation, transpiration by canal-bank vegetation,
and seepage or percolation losses, The estimated percentage loss of
water between the diversion point and the farm head gate was based
on these factors together with the length of canals evolved. Canal
losses were estimated to be 25 percent of the diversion requirement.
The farm delivery requirement i1s multiplied by the ratio of 100 over
100 minus the 25 percent transportation loss to give diversion require=-
mentss Diversion requirements for the Frenchman Unit in acre~feet
per acre irrigated are shown in table 35.

Diversion requirements for the Frenclman Unit are computed as
the total acreage lrrigated multiplied by the diversion requirements
in acre-feet per acre. The requirements for 22,910 aocres, the total
irrigable land in the unit, are shown in table 36.

Evaporation from reservoir

It is important to congider the loss of water from the reservoir
surface area caused by evaporation in water supply studies. Records
of evaporation at Enders Reservoir have not been collected, therefore,
it was necessary to utilize evaporation records collected at North
Platte, Nebraskas

Cross evaporation.--The evaporation from a 2 by 6 foot sunken
pan have been recorded by the Bureau of Plant Industry at North
Platte, Nebraska. The recorded evaporation was corrected to free
water surface evaporation by applying a coefficient of 0.9L to the
recorded evaporation. Table 37 lists the free water surface evap-
oration as determined from the North Platte evaporation records.
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Table 35-sDiversion requirements for the Frenchman Unit

Acre—feet per acre irrigated

May June

Year Apr, July Aug. Sept. Octas Total
1929 0.24 0 0.25 0.63 0.78 0el9 00k 2,13
1930 0 0 .06 .28 51 421 0 1.06
1931 0 0 .08 <76 +38 oli7 19 . 1.88
1932 10 .0l +13 .50 o7k L9 X7 2.17
1933 25 +23 .51 .51 «21 206 «28 2405
1934 .36 .53 «13 .80 <63 «30 +23 2498
1935 ol 4 0 0 <70 «53 o19 019 1.78
1936 +30 Ok 51 63 82 42 26 2,98
1937 iV «L0 .06 .63 57 «L9 s ks 2.68
1938 <15 0 232 ) 12 36 29 . 1.94
1939 .28 «3h 17 .82 <65 .51 29 3,06
1940 .17 21 .48 57 +66 3L o2 2,64
19h1 0 Oh - 02 «30 01 0 Ok 1.01
1942 0 0 0 .69 <53 0 <17 1.39
1943 .28 N 36 .68 hn 57 219 2,96
19kl 0 0 0l 23 «61 #53 *19 1.60
19L5 ¥ i 4 «10 .19 19 «29 »19 «23 1.60
1946 L9 0 .10 Lo «53 +23 0 1.75
1947 0 0 0 +11 76 «27 +15 1429
Total
Average 205
e 52
~\P
© ®
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(Unit = 1,000 acre-feet)

Table 3be+Diversion requirements of Frenchman Unit for 22,910 Acres

TL

Year June July Auge Septe Octe Total
1929 5e7 1oL 17.9 hely 069 48.8
1930 1.k 6sl 11,7 L8 0 2l.3
1 1.8 174 8e7 10.8 boly L3.1
ggz 3:0 11:5 170 11.2 3¢9 Li9.8
1933 11,7 11,7 Lie8 L.k Gols 47,0
1934 3.0 1843 sl 649 53 6842
1935 0 16,0 12,1 Lol Lok 10,8
1 6 11.7 ]J-[.h 1808 9.6 6.0 68.3
1337 L. 1.k 13,1 1162 265 61l
1938 Te3 9e2 96 8e2 6.6 Lho3
1939 3.9 18,8 1L.9 ad 606 70.1
19L0 11,0 13:l 15,1 7.8 Le8 6045
1 0.5 669 14,0 0 0e9 2342
lgﬁ 0 15,8 12.1 0 349 31.8
19153 802 15.6 1001 13-1 h.h 6709
194k 0.9 Se3 1L.0 12,1 Lol 3667
19L5 Lok 11,2 666 Lok Se3 3667
6 2.3 9e2 12,1 5e3 0 L0.1
igﬁ'r 0 265 17:h 602 3ebt 2945
Average Lol 1252 12,9 740 _23e9 47,0
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Table 37 — Evaporation from free water surface at North Platte, Nebraska a/

Year Apr. May June July Aug. Septo Total
1929 5.0L 5,18 6.19 8.L0 7.61 392 36434
1930 L.05 5.39 5.81 7.67 6.19 L.52 33,63
1931 L.30 6-39 7o 71 9.65 8.07 7.19 13,31
1932 5,12 7.2l 6.57 8.07 N 5.89 Li0.63
1933 5.82 S.54 9,11 10,02 5.57 6.2l L2430
1934 5.95 9.02 9.95 12,50 9.06 5.25 51.73
1935 L.63 4.03 5.54 9.21 8.05 - L.9L 36. 40
1936 1.99 5,60 8.5 -~ 10,99 8.85 6.76 L5.75
193? hb?h 6019 e 6chh 8.98 84:52 6-19 hané
1938 Le17 Boll et 7.40 9.45 9.87 L.99 L0.99
1939 L.57 6.86 8.8l 10. 82 8.55 8.16 18,12
1940 Ll.52 Tl 9.38 9.89 7.76 6.15 45,11
1901 3.7h 6,03 6,03 T.54 Te3L 5.98 36.66
19L2 3.75 5.69 5.56 7.38 6.58 3.97 32493
1943 5.0 .37 6. 56 8.25 7.31 6.15 38.0L
9Ll 2.89 6.38 6,76 719 7.03 5.36 35659
1945 3079 5.0k 5.35 6. 148 6.09 5.60 32,28
1946 5.29 5.56 7.08 7.93 7.01 5.05 37.92
19L7 5319 L. 55 5.66 6.61 775 5.83 33,57
Total e =
Average L.52 5.87 7.08 8.79 7.63 5.7k 39,6

E/ Determined from North Platte evaporation records by multiplying sunken pan evaporation rates by 0.9Le
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Frenchman Unit

A study published by the Minnesota Resources Commission was
the basis for determining monthly evaporation rates from the reser-
voir.1/ A series of charts showing the mean reservoir evaporation
rates by months over the entire area of the United States was

presented.

For the April through September period, use was made of actual
evaporation records at North Platte, Nebraska, corrected to free
water surface evaporation, table 37. These evaporation rates were
shifted to the Enders Reservoir area by applying monthly factors
taken from the mean monthly evaporation curves as published by the
Minnesota Resources Commisslon,

Nonth Pactor
IPTII I- 0 i
May 1.06
June 1.04
July 1.05
August 1.03
September 1.03

Records of evaporation are not collected at the North Platte
station during the winter hecause of freezing weather, therefore,
evaporation rates for Enders Reservoir were assumed to be the same
as those for that area as published in the Meyer study.

¥onth Eraporation
rate §inchee!
January N
February 1435
March 2.10
October - 495
November 2.8%
December 1.h5

Gross evaporation in inches determined for Enders Reservoir is
shown in table 38,

Precipitation over reservoir.--Runoff from precipitation in the
reservoir area is relatively small, therefore, all the precipltation
was considered to be consumed within that area. Precipitation over
the reservoir is considered the same as that recorded at Imperial,
Nebraska. See table 39.

Net reservoir evagoratinn.-Net reservoir evaporation loss is
compufed To be the . erence between future and past consumptive
uses from the reservoir area. For this study, the net evaporation

is computed as the gross evaporation from a free water surface minus
precipitation over the reserveir area. The net evaporation in inches
determined for Enders Reservoir is presented in table LO,

1/ "Evaporation from Lakes and Reservoirs," published by the Minnesota
Resources Commission, June 19L2.
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Table 38, Gross evaporation from Enders Reservoir a/ (Inches)

Year  Jan.  Feb.  Mar.  Apr. May _ oJune  July _ Aug.  Sepi.  OCL. _ Nov.  Dec.  Total _
1929 1.25 1.35 2.,0 5.39 5.9 6.LL  8.82 7.84  L.O4  L.95 2,85 1.5  52.27
1930 1.25 1.35 2.,0  L4.33 5.71 6.04 B8.05  6.38 .66  L.95 2.85 1.5  Lo.l2
1931 1.25 1.35 2.40  L4.60 6.77 8.02 10.13 8.31 7.1 L.95  2.85  1.45  59.L9
1932 1.25 1.35 2.40 5.8  7.67 6.83 8.47 7.97 6.07 4.95 2.85 1.45 56.7h
1933 1.25 1.35 2.440 6.23 5.87 9.47 10.52 5.74 6.43 L.95 2.85 1.L45 58.51
1934 1.25 1.35 2.40  6.37 9.5 10.35 13.12 9.33 5.4l 4,95 2.85 1.45 68.39
1935 1.25 1,35 2.40 4.95 L.27 5.76 9.67 8.29 5. 09 L.95 2.85 1.L45 52.28
1936 1.25 1.35 2.40  5.34 5.94 8,90 11.54  9.12 6.96  L.95 2.85 1.45  62.05
1937 1.25 1.35 2.0 5.07 6.56 6.70  9.L43 8.78 6.38 4.95 2.85 1.45 57.17
1938 1.25 1.35 2.40 L.k6 5.h2 7.70  9.92 10.17 S.14  L.95 2.85 1.45 57.06
1939 1.25 1.35 2.10 L.89 7.29 9,19 11.36 8.81 8.71 195 2.85 1.L45 6. 50
1940 1.25 1.35 2.0 4.8  7.85 9.76 10.38 7.99 6.33 L.95 2,85 1.L45 61.40
194 1.25 1.35 2.40  L4.00 6.39 6.27 7.92 7+56 6.16 .95 2.86  1.45 52.55
1942 1.25 1.35 2.40  L4.01 6.03 5. 78 7. 75 6,78 .09 4.95 2.85 Lolb 48.69
1943 1.25 1.35 2.00 ° 5.78 L.63  6.82 8.66 7.53 6.33 L.95 2.85 1.145 54.00
19h) 1.25 1.35 2.40 3.09 6.76 7.03 7.53 T.24 5.52 e 95 2.85 1.45 . 5l.k2
19LS 1.25 1.35 2.140 3.98 5.34 5.56 6.80 6.27 5.77 4.95 2.85 1.45 L7.97
1946  1.25 1.35 2.40 5.66 5.89 7.36 8.33 7.22 520 h.95 2.85 1.5  53.91
19L7 1.25  1.35 2.0  3.39 L.B2 5.80 6.9 7.98 6.00 495 2.85 1l.bS  L9.27
Total

Average 1.25 1.35 2.0  L.8B4 6,22 736 9.23 7.86 5.88 L.95 2.85 1.k5  55.6L

a/ Oct. through Mar. estimated from Meyer's maps. Other months based on correction factors for records at
North Platte, Nebr. 1.07 for Apr., 1.06 for May, 1.0L for June, 1.05 for July, 1.03 for Auge., and
1.03 for Sept.
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Table 39--Precipitation at Imperial, Nebraska--Inches a/

Year Jan. Feb, Mar. Apr., May June July Aug. Sept. Oct. Nov. Dec. Total
1929 0.25 1.30 0.k 4.63 2.32 3.45 L.53 0.67 3.92 2.0 1.6 0,13 25,50
1930 1.01 0.50 0.50 1.68 7.L3 2.50 L.68 3.96 1.38 L.22 3.3L 0.22 31.h2
1931 T 1.22 2.20 1.69 2.14 2.22 3.15 1.55 0.62 0.3Lk  0.75 0.63 16.51
1932 0.2l 0.85 0.35 L.L9 0.57 2.57 Lok 2.31 0.89 0.L6 0.10 0.59 18.36
1933 0.05 0.20 1.07 2.85 2,40 0.7h 1.13 9.59 3.10 o] 0.17 1.18 22.,h8
193l o0.hh 1.25 0.L0 0,18 1.8L L.87 0.36 2.6 1.79 0.11 0.53 O.UT 14.88
1935 0.04 0.38 0.39 1.L8 9.21 3.10 0.70 2,20 1.59 0.57 0.80 0,01 20.4L7
1936 0.52 0.1, 0.88 1.25 L.SL 3.09 2,51 1.6 0.5L  0.38 T 0.24 15.55
1937 0.71 0.1hL 0.8L 0.21 2.18 3.88 2.00 2,06 0.70 0.6L 0.26 0.5k 1h,ké
1938 0.1hL 0.32 117 3.62 L.36 2.77 1.94 0.9 3.58 0.02 0.16 0.17 19.19
1939 0.70 0.h2 1.56 1,71 1.84 L.69 0.47 2.20 0.3L  0.18 T 0.8k 14.95
1940 0.68 0.07 2.3k 0.7k 1.21  3.75 2.2h 1.1 2.82 1.55 0.36  0.72 17.59
191a 1.27 0.32 0.93 3.75 2.28 1.6 3.L7 1.20 2.8L 1.57 0.2L 0.95 20.28
1942 0.55 1.ho 0.93 3.25 5.21 5.65 1.h5 3.L9 6.8L 1.59 0.57 0.38 -31.31
19L3 0.23 0.1L 1.16 0.80 1.25 4.93 2.73 0.9 0.15 0.68 0.28 0.96 1.27
19L) Y73 0.75 1.29 5.05 2,09 3.4h7 .68 0.60 0.22 0.66 1.16 0.36 22,

1945 - 0.L9 0.25 0.20 2.61 2,88 3.89 1.92 2.18 2.80 1.08 0.18 0.2k 18.72
19L6 0.05 0.15 1.89 0.67 307 3.51 2.1 2.29 3.h0 2,98 1.31 0.0L 22,17
1947 0,21 T 1.01 2,36 3,06 5.32 1.98 0.46 2.2l 0.56 0.73 0.65 18.58
Total ' 379.05
Average 0.9 0.52 1,03 2,27 3,20 3.h7 2.b9 2,20 2.09 1.05 0.6 0.b9 19.95

a/ U. S. Weather Bureau Published records
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Table LO—Net evaporation from Enders Reservoir a/ (Inches)

Year Jan, Febe lar,  Apr.  lay June July Aug,, Sept, _ Oct. Nov, Dece Total
1929 1,00 0.05 1,96 0.76 3.17 2.99 L.29 7.17 0,12 2.55 1,39 1.32 26,77
1930 0.24 0.85 1.90 2.65 -1,72 3.54 3.37 2,142 3.28 0.73 =0.L9 1,23 18,00
1931 1.25 0.13 0,20 2.91 4.63 5.80 6.98 6.76 6.79 L.61 2,10 0,82 42,98
1932 1.01 0.50 2.05 0.99 7.10 L.26 3.53 5.66 5,18 L.L9 2.75 0.86 38.38
1933 1.20 1.15 1.33 3.38 3.47 8,73 9.39 =3.85 3.33 L.95 2.68 0,27 36,03
193L 0.81 0.}0 -2.00 6.19 7.72 5.8 12.76 6.69 3.62 4.84 2,32 0.98 53,51
1935 1.21 0.97 2,01 3.47 L.k 2,66 8.97 6.09 3.50 .38 2.05 L4y  31.81
1936 0.73 1.2 1.52 L.09 1.Lo 5.81 9.03 7.66 6.2 Lo57 2,85 1,21 L46,50
1937 0.5h4 1.21 1.56 L,86 L.08 2.82 Toh3 6.72 5.68 L,31 2,59 0.91 L2.7L
' 1938 s 1.03 1,23 0.84 1.06 L.93 7.98 9.23 1.56 4.93 2.69 1.28 37.87
e 1939 0,55 0.93 0.8 3.18 5.45 L.50 10.89 6.61 8,37 L.77 2.85 0,61 L9.55
1940 0.57 1.28 0.06 L.10 6.6 6.01 8.14 6.88 3.51 3.L0 2.h9 0.73 L3.81
1941 -0.02 1,03 1.47 0.25 Lho11  L.81 L.45 6.36 3.32 3.38 2,61 0,50 32,27
1942 0.70 -0.05 1.47 0.76 0.82 0.13 6,30 3,29  =2.75 3.36 2,28 1,07 17.38
1943 1.02 3,21 1.24 L.98 3.38 1.89 5.93 6.57 6.18 L.27 2.57 0.49 39.73
94, -0.48 0.60 1.11  -1.96 L.67 3.56 2.85 6.6L4 5.30 L.29 1.69 1.09 29,36
1945 0.76 1,10 2.20 1,37 2.16 1.67 L.88 1,09 2.97 3,87 2.67 1,21 29.25
1946 1.20 1.20 0.51 Le99 2,12 3.85 5.92 L.93 1.80 1,97 1,54 1.1 31.LbL
Total
Average 0.76 0.83 1.37 2.57 3.02 3.90 6.74 5.65  3.79 3,90 2,20 0,96 35,69

3/ Gross evaporation less precipitation at Imperial, Nebraska.
precipitation exceeds gross evaporation.

Negative values indicate the amount that
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Frenchman Unit ‘
|
To facilitate computations necessary in connection with monthly
reservolr operations, a series of curves, one for each inch of
evaporation, were drawn by plotting the reservoir content ih 1,000 ‘
acre-feet as ordinates and evaporation loss in 1,000 agre-fest as
abscissas. By entering the curve with an average reservoir content
and the monthly evaporation rate in inches the corresponding evapor
tion loss for any month was indicated. The reservoir evaporation
curves are shown in exhibit 15,

Seepage |
It is expected that some seepage will occur from Enders Reservoirs
Estimates based on geologic and construgtion data obtained at the d
site indicate that the seepage loss' from the reservoir will be from
O to 8 second-feet. In the operation study a constant seepage of
5 second-feet or 300 acre-feet a month was used. This seepage was
not used to satisfy any of the irrigation demands but was allowed to
pass downatream, :

Water Utilization

A reservoir operation study showing the water delivery on a
monthly basis has been made to determine the adequacy of the water
supply available to the unit for development. The study was based |
upon water supply and climatic conditions existing during the period
1929 through 1947, This period was selected for the study because
it includes the 10-year period 1931-19L0 which is considered to be
the most critical period of water supply that has ever been experi-
enced in this area. It is reasonably certain that 1f the water
supply is enough to satisfy conditions existing during this period
without intolerable shortages, that there will be an adequate water
supply for all the planied development. The 19L0-1947 period of the
study supplies informeticn as to conditions when the water supply isa
more nearly normale Tue recerds of stream flow during this period
are also samewhat more complete than those for the previous period.

Reservoir operations

The operation study is based upon conditions expected to exist
in the Enders Reservoir after 50 years of use. It 1s estimated that
the storage capacity at this time will be decreased from the initial
content by 10,000 acre-feet due to accumulation of sediment in the
reservoir, Water available for development of the unit was determinet
after making depletions for all development that w'll occur due to
private development of irrigation and ponds,

=

Table L1 shows the computations made in the operation study,
The fcllowing operation criteria were used in making the operation
atudy:

77 ‘
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Frenchman Unit

le Method of meeting irrigation demands.
as Sectional gains available for diversion at Culbertson
Diversicn Dam were first diverted to meet irrigation
demands,

be Irrigation demands not met by sectional gains were met
by releases from Enders Reservoir.

2. Requirements for other than irrigation demands,

a. Hilstorically, no negative sectional gains occurred in
the section of the creek between Enders Dam and
Culbertson Diversion Dam, therefore, it was not
necessary to make releases from the reservoir for
any purpose other than irrigation demands.

b. FEvaporation losses were determined in accordance with
the reservoir content and monthly evaporation rate.

. Seepage was estimated to be 300 acre-feet per month.
3« Reservoir content.
4+ The reservoir irrigation pool is full when the reservoir
reaches a content of 3l,000 acre-feet. Any water avail-
able for storage after this content was reached was
spilled,

b. No releases could be made from the reservoir when it
was drawn down to a content of 5,000 acre-feet.

li. Integration of operation with other units.

8+ ‘No releases from upstrean reservoirs were made to help
satisfy demands in this unit.

b. No releases were made to help meet downstream demands,
A column by column explanation of the operation table Ll follows:

1. Shows the years through which the operation study was made,
namely 1929 through 19L7.

2. Shows the months for each year for the operational perilod,

3« The depleted inflow, table 23, is the historic flow at
Enders Dam less the anticipated depletions by future develop=
ment above Enders. It is the water considered available for
regulations

ke Evaporation rate, table LO, is the net reservoir evaporation.
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Frenchman Unit

5, Evaporation loss is obtained by entering the evaporation
chart, exhibit 15, with an average reservoir content, as
determined from Column 11, and computing the loss therefrom.

6, Seepage is estimated as § second-feet, and was allowed to
pass downstream to meet public health and fish requirements.

7. Sectional gains between Enders Reservoir and the diversion
dam at Palisade, The sectional gain, table 27, is the
historic gain in excess of anticipated depletions by future
private development above the diversion dam and below Enders
Reservoir.,

8. Total diversion requirements for 22,910 acres in the French-
man Unite. See table 36e

9. Demand on the reservoir is that portion of the diversion
requirements not supplied by the sectional gain. It is
obtained by subtracting Column 7 from Column 8.

10. Change 1n reservoir content is computed as follows:
- (Cols 3) = (Cols 5 # Cole 6 + Colp 9 + Cols 12 = Cole 1k)

1ls The content at the end of the month equals the content at
the end of the previous month corrected by the change in
content as computed in Col. 10

12, Shows such spill as may be necessary to avoid showing a
content at the end of any month (Cole 11) greater than the
capacity of dead storage pool plus the irrigation pool or
greater than 34,000 acre-feet,

13, Waste passed downstream at Culbertson Diversion Dam is
computed to be that part of the sectional gain not diverted
at the diversion dam. It is the seepage, Col. 6, if there
is a demand on the reservoir in Cole 9. If there is no
demand on the reservoir in Col. 9, it 1s Cole. 6 plus Cols 7,
corrected by any diversion requirement in Cole 8 which 1s
supplied by stream accretions,

1L Shows such shortages as may be necessary to avoid showing
a content at the end of any month (Cole 11) less than the
capacity of the dead storage or 5,000 acre-feet,

Table L2 summarizes the Enders Reservoir operation study by years.
This table shows that it was necessary to spill water from the reser-
voir in every year of the study except one. The average spill for the
period of study was 16,200 acre-feet per year. There would have been
5 years in which it would have been impossible to meet the entire
demand of all the irrigated lands. The largest shortage was one com-
puted for 1935, when 1l,800 acre-feet could not be delivered, This
shortage would have been 13.3 percent of the consumptive use require-
ment for the unite

8L
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Table Lj2,--Summary of reservoir operation - Enders Reservoir

(Unit - 1,000 acre-feet)

Pickup Div. Irrig, Res. Cont, Waste

Depleted Res. Losses Enders to Req't. Demand End of Shortage Passed
Year inflow Evap. Seepage Palisade 22,910 to be met Year Spills Actual #%C.U., downstream a_[
1928 o - L] - - - 311.0 - - - il
1929 52.9 2.5 3.6 35.3 48.8 39.4L 20.4 21,0 0 0 29.5
1930 53.8 2.0 3.6 51.0 24.3 11.0 34,0 23,6 0 ¢} 41,3
1931 55:11 hoz 3.6 20.0 ’4301 33°h 20.? 2?05 0 0 13'9
1932 55.0 36T 3.6 30,8 L9.8 3L,1 20.4 13.9 0 0 18,7
1933 56.7 3.8 3.6 39.6 L7.0 29,0 34.0 6.7 0 0 25.2
1934 53.9 L.l 3.6 2L.6 68.2 58.1 15.3 15.9 Fel 7.9 18,1
1935 59.8 3.0 3.6 55.1 L0.8 27.3 28.L 12.8 0 0 L5.2
1936 52.0 3.6 3.6 23.7 68.3 58.8 13.5 15,7 1h.8 13.3 17.8
1937 L9.8 2.8 3,6 19.7 61.4L 52.5 15.8 0 1.4 10,7 ok
1938 53.3 3.7 3.6 27.3 Lh.3 31.9 25.8 L.l 8] 0 18,5
1939 L6.1 3.9 3.6 20.1 70.1 58.8 13.0 Le9 12.3 11,2 12,4
1940 58.2 Lo2 3.6 3L.0 60.5 Lo.6 20.3 2.5 0 0 17.7
1941 59.4 3.7 3.6 32.0 23.2 17,7 3L4.0 20,7 0 0 30.1
1942 62.6 1.9 3.6 35.7 31.8 26,0 33.0 32,1 0 0 33.5
1943 52,4 3.2 3.6 21,0 67.9 58.0 14.6 13.4 Tkt 6.9 1.7
194 57.5 3.0 3.6 36.5 36.7 27.3 25,2 13.0 0 0 30.7
1945 56.6 3.2 3.6 28.5 36.7 18.9 34.0 22,1 0 0 14.3
19L6 56.9 3.5 3.6 33,9 40,1 28.L 34.0 214 0 0 25,8
1947 43.3 2.6 Py 2.9 26.1 22,2 16.7 33.1 0 0 23.7
Total
Average 55,2 3.3 3.6 31,7 L6.8 35.4 2L 7 16,2 2.9 23.8
a/ Includes seepage, but does not include spillse Sheet 1 of 2

KS002305



Table L2 (Con't)--Summary of reservoir operations - Enders Reservoir

193h 1936 1937 1939 1943

Total diversion shortage (1,000 ac~ft) 0.91 148 11,k 12,3 7.k
Diversion shortage ac-ft/ac irrigated 0.,k0 0.65 0,50 0.54 0,32
Shortage to crop in ac=ft/ac 0.21 0,34 0.26 0.28 0.17
Consumptive use requirement ac-ft/ac 2,67 2.55 2.uh 2.L9  2.47
Shortage in percent of consumptive use 7.9 13.3 10.7 11,2 6.9.

d&fa;vﬂze) ’fzz Cj 25

86

KS002306



Frenchman Tnit

The computation of shortages in percent of the consumptive use
is shown on sheet 2, table 42. The actual shortage was first con-
verted to acre-feet per acre by dividing the total diversien shortage
by 22,910 acres, the irrigated area in the unit. The shortage to the
crop was then computed by computing the amount of the diversion short-
age that would be lost due to the 25 percent canal losses and the 30
percent farm delivery losses. The shortage in percent of consumptive
use 1s the ratio of the crop shortage to annual consumptive uses

Exhibit 16 is a graphic chart showing the proposed operation of
Enders Reservoir. Three hydrographs are shown on this chart. The
hydrograph at the top of the chart shows the water that will flow
inte the reservoir,

The gecond hydrograph shows the total diversions that must be
made to meet all irrigation demands, The amount of this water that
is supplied from reservoir releases, the amount that is supplied by
direct reservoir inflow, and the amount that will be supplied from
sectional gains is shown. If the diversion requirements were not
met the shortage is indicated.

The third hydrograph on this exhibit shows the reservoir content
and the spills from the reservoir that were made after the reservolr
was filled.

Releases for Public Health Service.--Studies made by the Public
Health Service indicate that the required flow of Frenchman Creek at
Wauneta and Culbertson, Nebraska, is L second-feet during the summesr
months.1l/ This requirement will be met without making releases from
Enders Reservoir primarily for this purpose. This is possible because
it is estimated the seepage from Enders Reservoir will be 5 second=
feet, and this seepage is not used to supply irrigation demands. The
estimated flow of Frenchman Creek at Culbertson after development is
shown in table LSe This flow will be made up of the return flows from
additional diversions for development of new lands, table 27, the
historical accretions of flow between Pzlisade and Culbertson, table L,
wagtes passing Culbertson Diversion Dam and the sezpage and spills
from Enders Reservoir. The historical zaicretion of flow was deter-
mined by subtracting the historical flow at Palis:de, table 6, from
the historical flow at Culbertson, tabie Te

Wator passing the unit ather development

The estimated flow of Frenchman Creek at Culbertson, table LS,
is determined as the flow that will pass the unit ai'ter develoment,
This flow is composed of the sum of the spills, seepzze and wastes
from Enders Reservolr, table , as determined by the operation study,
plus the accretions of' Frenchman Creek, table Ll

Requirurants 525 fish and wildlife

No water releases frem the reservoirs for requirements of fish
have been made in this study. In the past the Republican River has

1/ "Kansas River Basin Water Pollution Investigation," Public Health
Service, June 1919, P, 121 87
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(Unit - 1000 acre-feet)
Feb. Mar. Aor. May June July Aug. Sept. Oct. Nov, Dec. Total

Table L3--Sum of spills, seepage and wastes in the operation study of Enders Reservoir

Jan.

Year
-1929
1930

SO N0 O
- L] [ ] [ ] L ]
N~ T
AKAT AR Al

= 0= =00 M
. & e & @
O = OOV
oy N ND

L7.2

56.8

Lo.0
KS002309
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6.4 L.0
2.7 L.l

1.L4

0.3

0.3
0.?

13
-3
0.3

0.3
5.6
6-2 3-2 6-? hbg 00?

4.8

Average 1.3
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Table ljo~—Historical accretions of Frenchman Creek between Palisade and Culbertson.

(Unit — 1000 acre-feet)

———— e
—_—— T - e =

Year Octe Nov. Deca Jdan, Feb, Mar, Apr, May June July Auge Septs Total

1929 10? "loll- 1:? 002 0:.2 31;0 300 2o1 302 201 00? ch 1?.’4
1930 0.7 1.2 1.3 4.0 2.6 2.6 2.1 0.2 1.5 Lok 2,0 0.2 22,8
1931 0.1 0.8 2,5 2,1 23 2.1 2.1 2.0 15 1.5 2,0 1.3 15.1
1932 1.8 2.3 2.2 242 2.2 2.7 2.1 1.9 2,0 1.k y My 068 23,1
1933 105 1.9 2.0 2oh 2:’-1 256 2‘;0 1.9 049 009 2¢0 ' 207 2312
193h- 200 119 206 2.5 2.3 2.h 159 1.1 2.2 1.3 1n0 118 23&0
1935 1.5 1.7 2.3 2.h 2,2 2.L 1.9 6.6 L.9 2,0 1,2 1.9 31.0
1936 1.8 1,9 2.4 2.3 2.3 2.5 2.0 2.3 2,0 1,0 0.8 1.0 22.3
1937 0.9 2.0 202 2,0 2.2 2.L 2,0 1.h 2.4 1.4 0.9 1.3 20.9
1938 1.3 1.9 2.2 2.2 2.2 5.0 2,0 2.1 2.3 1.8 1.3 1.9 23,4
1939 13 1.8 2,0 2.2 2.0 2.4 2.4 1,6 2,0 1.5 0.9 009 21.0
1940 1.1 1,3 . 2,0 2,0 2.3 2.4 242 1.8 5,0 1.5 1.3 1.5 24 L
1941 1.9 2.0 2.8 2 ¢ 2.3 2.3  2.h 2.1 2.3 2.0 1.2 1.6 25,3
1942 2.3 2.2 2.3 2.2 - 2.3 2.7 2,7 3.0 26T 1.9 p 0 2.3 27.8
1943 2.2 243 2.3 2.2 2.5 2.3 2.1 1.5 2,0 1.0 0,8 0.8 317
194k 1.7 1.9 23 2.2 2.3 2.5 3.1 2.6 2.0 2,0 1.3 1.2 25,1
19!45 1.9 230 2,2 2.2 2;2 202 2.2 1.9 2Qh 199 lo? lbg 2’-‘-.!?
1946 2.1 2.1 2,0 2,2 2.2 2.3 2,0 1.6 2.0 2,0 1.0 2.0 23,5
1947 2.7 2.5 2.3 2.l 2.4 2.3 2.3 2.0 2.4 2.3 1.2 1.k 26,2
Total

Average 1.6 g 4% 1.9 22 D2l 2.4 2,2 2.3 2.L 1.8 1.3 1.4 23.2
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Table 45.—Estimated flow of Frenchman Creek at Culbertson, Nebraska after development of Frenchman Unit, E/

(Unit — 1000 acre-feet)

Year Jan, Feb. Mar Apr, May June July Augo Sept. _=_0ct. Nov, Dec. Total
1929 8.6 9.7 12.3 5.3 12,3 L.5 3.1 1.9 22 L8 5.2 7.0 7669
1930 15 5. 5.9 TS 12,7 8.5 5.0 2.3 0.5 84 10k 94k 8leS
1931 9.0 8.6 9,0 8.6 8.3 S.h 2.3 3.0 2.3 2.8 L.7T 5.1 691
1932 4.8 he? 10.0 8.0 7.9 763 2.1 2.5 1.6 2.3 L6 Lol 69.9
1933 5.9 6.5 8.9 3.8 3.2 1aT 1.7 3.2 7.5 2,9 5.6 10,8 61.7
193L 12,0 1.0 11,0 2.8 3.7 3.2 2.4 2.3 3.2 2.8 hel 5.8 6l03
1935 6.5 5.3 6.5 2.5 3.9 23.4 2.8 2.1 2,8 2T *° ka2 5.1 95.8
1936 5.2 10.1 11.8 2.9 12,2 3.0 2.0 2.0 2.3 2.1 3.4 5.5 62,5
1937 3.5 LoT 5.1 2.7 2.1 6.2 2.2 1.9 2,1 2,3 4.3 5.1 k2.2
1938 5.6 5.1 L.$ 2.6 10,6 4.3 26 2.2 2.9 2.2 3.9 LoS 51.h
1939 5.5 L.7 10.1 2.2 2.5 3.0 2.6 2.1 2.2 2.4 3.8 3.5 L5.6
1940 3.5 6.1 7.2 3.3 2.9 8.7 2.8 2.8 3.1 3.4 5ok 8.7 57l
19]41 6@8 663 608 11.2 90? 11.9 20h 106 2.9 hes 502 9!5 ?901
1942 9.1 10.2 12.5 12,9 1h.6 .k 2.8 2. 6.6 3.2 ) 5e5 99.1
1943 9.1 10,0 10,9 3.0 2.5 3.1 2.3 2.3 2.h 3,2 Lo 7 5.1 58,6
19Ll h.7 6,2 2.1 10,6 12.8 2.3 5.3 2.1 2.1 2.7 5.2 5.0 75:1
1945 L.7 5.8 9ol 6.5 7.1 8.5 2.6 2,5 2.8 2.9¢ 5.1 8.1 66,0
1946 10.1 9.l 10,5 2.7 5.2 L.9 2.9 2,0 3.1 9.8 7ol 10,5 7802
191‘? loca 999 1009 locl 1009 ]-,402 8.2 108 2 .l — - - ?B &3
Total

Average 7.0 7.4 9.0 5.8 9.2 7.8 3.1 2.3 2,9 3.6  S.1 6.6 69.8

E/ Includes return flow from new lands, historical accretions between Palisade and Culbertson, waste passing
Culbertson Diversion Dam and seepage and spills from Enders Dam,
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Frenchman Unit

dried up during extremely dry seasons. Seepage from the dams and
return flows from irrigated lands are expected to establish a live
stream at all times. It is anticipated that the minimum flow require-
ments for public health will be sufficient for fish habitat require-

mentse

Sumarz

Reservoir operation studies in this report indicate that during
the period of operation, 1929-1947, spills would have occurred in all
years but 1937. Shortages would have occurred in 193&, 1936, 1937,
1939, and 19,3; however since none of the shortages would have been
greater than 13.3 percent of the consumptive use requirements, the
water supply would have been adequate for the irrigated area of
22,910 acres proposed to be served in the Frenchman Unit by use of
Enders Reservoir,

92
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CHAPTER ITT

MEEKER-DRIFTWOOD.UNET

#

General Plan for Development

The Meeker-Driftwood Unit is located on the Republican River
immediately below the Trenton Dam, see exhibit 2. It is the upper
unit on the Republican River of the Frenchman-Cambridge Division.

The proposed plan for the development of irrigation in this unit
would provide an adequate water supply for irrigating 13,760 acres of
new lands on the south side of the river in addition to furnishing a
supplemental supply for the 2,680 acres presently irrigated from the
Meeker Canal, This would be accomplished by utilizing the water stored
in Swanson Lake which is on the Republican River about 2 1/2 miles
west of Trenton, Nebraska.

Reservoir .capacity

The sediment storage requirement for Swanson lLake was determined
to be 64,000 acre-feet for 50 years accumulation. This estimate was
based on actual sediment distribution in other Bureau of Reclamation
reservoirs adjusted to conform to the conditions expected to exist
at Swanson Lake.

Table L6,--Swanson Lake storage capacity allocations

All values in acre-feet

Initial 5S0-year conditions 100-year condi

Elev. conditions (6L,000 ac-ft  tions (128,00C
(ft) no sediment  sediment) ac-ft sediment
Accum, Alloc, Accum. Alloc. Accum. Alloc,

Dead Storage . L, 700 0 0
Canal outlet 2710.0 li, 700 0 0
Active irrig.

storage 118,100 58,800 0
Irrig. storage

pool (top) 2752.0 122,800 58,800 3#0
Flood control

storage 133,800 133,800 1133, 800
Top of flood cont.

pool 2773.0 256,600 192,600 133,800

Total storage 256,600 192,600 133, 800

s#Assuming that 5,200 acre-feet of sedinent passes through reservoir,

9
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Meeker-Driftwood Unit

Operation studies were based upon conditions in the reservoir
estimated to exist at the end of 50 years when the irrigation storage
available will be 58,800 acre-feet. The effect of bank storage will
tend to increase the storage capacity of the reserveir, however, none
of this possible inecrease in storage capacity has been used in this
study because the quantity and rate of inflow and outflow from the
banks has not been established.

Acres served

By utilizing the planned 58,800 acre-feet of storage capacity in
Swanson Lake, it is planned to serve a total of 16,LL0 acres in the
Meeker-Driftwood Unit, There are 2,680 acres irrigated by the present
Meeker Canal and 2Ll acres which would be served by the Driftwood Canal
and are now irrigated by wells in the unit. An irrigable area of 339
acres under the present Meeker Canal, but not served by it,was not
included in the water supply study because it can be irrigated from
existing wells., This area petitioned out of the Frenchman-Cambridge
Division at the time of its formation. Water for the Meeker Canal lands
is being diverted from the Republican River at the present time by the
Meeker Diversion Dam, This diversion dam is a temporary atructure
approximately one mile below Culbertson, It was rehabilitated by the
Bureau of Reclamation in 1947 and is now being operated by the Bureau
pending completion of Trenton Dam,

A summary of the areas in the unit that would be served water for
irrigation under this plan of development is shown in table 47. The
acreages listed were determined from detailed land classification
gurveys of all the area except that which will be served under the
Driftwood Canal, Completion of the detailed land classification of
the Driftwood area may result in a minor revision on acreage used.

Under this plan of development, water would be transported from
Trenton Dam through the Upper Meeker, Meeker, and Driftwood Canals
and the Meeker Canal Extension. The Upper Meeker Canal would directly
serve 5,210 acres of new land and supply a portion of the existing
Meeker Canal., The Driftwood Canal, branching off from the Upper
Meeker Canal, would directly serve L,620 acres in addition.to supply-
ing another portion of the existing Meeker Canal and the Meeker Canal
Extension. The present Meeker Canal and the Meeker Canal Extension
would serve the 2,680 acres that are presently irrigated and 3,930
acres of new lands, The Upper Meeker Canal is planned to have an
initial capacity of 300 second-feet, There would be a total of 53
miles of main canals supplying the 16,LL0 acres in this unit.

9
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Meeker-Driftwood Unit

Table L7.--Areas served in the Meeker-Driftwood Unit

Presently New
Canal irrigated lands Total
Upper Meeker Canal 0 5,210 5,210
Driftwood Canal 2Ll L,376 L,620

Meeker Canal Extension 2,680 930 6,610
Total R 3 N1 18,550

Water Resources

This study is based upon the depleted water supply that will be
available to the unit after all probable future upstream development
takes place in the Republican River Basin., For this reason it was
necessary to determine the future depletions to the water supply
that will take place above the unit by all probable future Bureau
and private development before the water available for storage in
Swanson Lake could be determined. The Upper Republican Division,
see location map exhibit 1, includes all the drainage area above
Trenton Dam. Depletions made in the water supply study for develop-
ment of this unit are listed in table 51,

The Upper Republican Division lies in the states of Colorado, Kansas,
and Nebraska. The main streams in the division are the North Fork of
the Republican, the Arikaree, and the South Fork of the Republican
which drain into the Republican River. The plan for development of
the Upper Republican Division calls for constiuction of i reservoirs
in the 3 units of the diwvision. Wray Reservoir on the North Fork of
the Republican River would store water for development of the North
Republican Unit. The Pioneer Dam on the Arikaree above the North
Republican Unit would regulate flood flows., Bonny Reservoir on the
the South Fork of the Republican would store water for development
of the St. Francis Unit, Parks Reservdir .on Roeck Coeck would store
water for the development of the Benkelman Unit. Storage allocations
for ths various reservoirs of the Upper Republican Division are shown
in takle L8,

Ivaporation losses from these reservoirs were determined by using
the same general procedure that was used in determining evaporation
losses from the reservoirs of the Frenchman-Cambridge Division. The
annual evaporation losses from the reservoirs of the Upper Republican
Division are shown in table 51, FEvaporation losses from reservoirs
are shown to be 30 percent of the total depletions to the water supply
due to the probable future development of the Upper Republican Division.

92
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Conservatiocn or

__(storage in acre-feet)

Table L8.——Reservoir storage capacities for reservoirs in Upper Republican Division above Swanson Lake

Active Irrig.

Dead at End of 50-Years at End of Flood
Reservoir First 50 Years Sediment First 50 Years Control Total
Wray 0 500 8,000 1,000, 9,500
Pioneer a/ 10,000 73,000
Parks 0 500 10,000 0 10,500
Bonny b/ 1,000 9,000 33,000 132,000 175,000
Total 51,000 206,000

_a_/ To be constructed by Corps of Engineers

b/ Under construction by Bureau of Reclamation.

Estimated to be completed by December 1950,
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Meeker-Driftwood Unit

Depletions for private development, depletions due to the develop-
ment of farm ponds, and depletions due to irrigation development, as
well as the above evaporation losses were determined in the water
supply study of the Upper Republican Division,

A total of 6,700 acres has been considered as the area. which
will be developed by future private development of irrigation above
or in the Upper Republican Division. The acreages of the areas where
probable future private development will take place are listed in
table L9. Depletions to the water supply available to the unit are
estimated to be equal to the consumptive use of irrigation water. The
consumptive use of irrigation water for private development was deter-
mined by using the same consumptive use requirements and effective pre-
cipitation that was determined for the unit where the depletion due to
private development will occur.

The only depletions due to pond development were estimated to be
200 acre-feet per year above the Pioneer Reservoir and 700 acre-feet
per year above and 200 acre-feet per year below Bonny Dam. These
depletlons are included with annual depletions in the Upper Republican
Division listed in table 51.

Acreages of the potential project lands in the Upper Republican
Division are listed in table 50 for each unit and a break-down of
the acreages in each state is shown. These acreages are based upon
reconnaissance land classification surveys. Average depletion due to
private development is shown in table 51 to be 23 percent of the total
depletion in the division for the 19-year period of study.

Consumptive use requirements and effective precipitation for the
St. Francis Unit were based upon the temperature and precipitation
recorded at S5t, Franecis, Kansas, Temperature and precipitation re-
cords recorded at Wray, Colorade were used for the consumptive use
and effective precipitation determination for the North Republican
Unit. For Benkelman Unit an average of the temperature records
recorded at liray, Colorado, Culbertson, Nebraska and St. Francis,
Kansas were used for the consumptive use determination, rainfall data
recorded at Benkelman were used to determine effective precipitation.

. Diversion requirements for lands in the Upper Republican Division
were determined by applying farm loss of 30 percent to the consumptive
use of irrigation water requirement for each unit and a 25 percent
canal loss to the farm delivery requirement. The diversion require-
ments for the canals in the division are listed in table 51.
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Table 49.——Areas of probable future private development,
Upper Republican Division,

Neorth Republican Unit Acres
Above Wray Dam 840
Wray Dam to Pioneer Division 450
Pioneer Division to Haigler 210
Above Pioneer Reservoir o0

Total 1900

St. Francis Unit

Above Bonny Dam 3100
Below Bonny Dam 1700
Total _ L8oo

Benkelman Unit

Total ) 0

Total © 6700
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Table 50--Potential Project Lands in the Upper Republican Division

(Unit - acres)

Colorado Kansas Nebraska Total Total
New Presently New Presently New Presently New Presently Total to be
Unit Lands~ Irrigated ILands Irrigated Lands Irrigated Lands Irrigated Irrigated
North Republican
Pioneer Canal 0 650 0 0 0 2030 0 2680 2680
Haigler Canal 0 0 0 0 1700 700 1700 700 2400
Total 0 [36) 0 0 1700 2730 1700 3380 5080
* St. Francis Unit
Hale Ditch 200 520 0 0 0 0 200 520 720
St. Francis Canal 1200 .0 1800 0 0 0 3000 0 3000
Total T20 1800 0 0 0 3200 520 3720
Benkelman Unit
-Parks Canal 0 0 0 0 0 1300 0 1300 1300
Benkelman Canals ¢] 0 0 ¢] 3400 300 3400 300 3700
Total 0 0 0 0 300 1600 3L00 1600 5000
Grand Total 1L0O 1170 1800 0 5100 14330 8300 5500 13,800
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Meeker-Driftwood Unit

‘Return flows in the Upper Republican Division were estimated to
be equal to 75 pergent of the difference between.the diversion require-
ments and the consumptive use of irrigation water. The same monthly
distribution was used for return flows entering the stream as was
used for the Frenchman Unit., Annual depletions due to the planned =
irrigation development in the Upper Republican Division are deter-
mined in table 51 by subtracting the return flow from the diversion
requirements, . This table shows the average depletion for the 1l9-year
period of study would be 3,700 acre-feet in the North Republican Unit,
5,200 acre-feet in the St. Francis Unit, and 7,900 acre-feet in the
Benkelman Unit. The average depletion for the planned development in
the North Republican Unit is shown in table 51 to be L7 percent of all
the depletiona for the division.

The factors necessary to determine irrigation requirements were
computed on a monthly bases. These requirements were used in a study
showing the operation of the reservoirs in the division, This opera-
tion study and the return flows from the planned development was used
to determine table 52, the flow that will pass Benkelman Diversion Dam
after development.

The operation studies of the reservoirs in the Upper Republlican
Division, 1929 through 1947, show there would be very few shortages
and that the reservoirs would spill in most years. The operation
study of Wray Reservoir shows that no shortage would be incurred in
irrigating the 5,080 acres in the North Republican Unit, Wray Reservoir
is shown to spill every year.

Pioneer Reaervoir has no demand upon it for irrigation, therafore
it would spill every year.

The operation study of Bonny Reservoir shows no shortage in the
water supply when the 3,720 acres in the St. Francis Unit are irrigated.
The reservoir is shown to spill every year except 1937 and 1940.

The operation study of Parks Reservoir shows the 5,000 acres in
the Benkelman Unit could be given a full water supply except in 1940
when a shortage of 1,800 acre-feet would have occurred, Thid shortage
would be equal to 6.6 percent of the consumptive use requirement. The
reservoir is shown to spill every year except 1937 and 1940.

Swanson Lake will regulate the flow of the Hepublican River. High
flows and water that otherwise would pass downstrezm unused, not exceed=
ing the capacity of the irrigation pool, will be stored for use when
the water is needed., Water available for storage in Swanson Lake
will consist of the increase in flow of the Republican River between
Benkelman Diversion Dam and Swanson Lake, the flow passing Senkelman
Diversion after development of the Upper Republican Division and
the return flow from 3,700 acres irrigated between Benkelman Diversion
and Swanson Lake, ,
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Table 52--Flow in Republican River Passing Benkelman Diversion after Development
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Meeker-Driftwood Unit

4
k-+aiitbre sstream-flow records

Records of the stream flow at Max, Trenton, and Culbertson were
used in determining the water available for use in this unit and in
extending the historical records. The period for.which records of flow
have been made, the type of gage nsed, the drainage area, and the agency
reporting the flow records are listed in table 1. The record of flow at
these stations is considered good except for periods of ice effect when
they are considered poor. The period of record for these stations and
other stations in the division are shown graphically on exhibit L.

Stream-flow correlations and estimates

For the period prior to November 25, 1946, no stream-flow records
are available for Trenton, Nebraska; therefore it was necessary to
estimate the missing records to complete stream-flow data for the period
of study, 1929 through 1947. Concurrent records of runoff of the Republi-
can River at Trenton and Culbertson were plotted as shown on exhibit 17

“and a curve was drawn through the plotted points., This curve indicates
that the relationship between the runoff at the two stations is constant
and the runoff at Trenton is estimated to be 96,5 percent of the runoff at
Culbertson., The historical flow of the Republican River at Trenton,
Nebraska, which is 24 miles below Trenton Dam, was used in this study for
the flow at Trenton Dam. The historical flow at Trenton is listed in
table 53, Runoff records listing the historiesl flow of the Republican
River at Culbertson are shown in table 5l. Historiecal runoff records of
the Republican River flow at Culbertson are actual records except for
April and October of 1929, and January through September of 1930. These
missing periods were estimated from a correlation curve, exhibit 18,
obtained by plotting the historical flow of the Republican River at Max
vs. Culbertson, Nebraska, Historical runoff records cof the Republican
River atrMex are shown .in. table 55

Ground water

At one time the Bureau of Reclamation contemplated a wells development
lmown as the McCook Wells Unit, of about 2,000 acres on the North side of
the Republican River between McCook and Red Willow, Nebraska, It was
planned that the ground water for this area would be recharged by return
flow from an area of 3,200 acres above the McCook Wells Unit to be served
by water from Red Villow Reservoir, Reclassification of project lands
reduced the area of the proposed wells unit from 2,000 acres to 72l acres,
Later studies of the unit indicated that development by the Bureau of
Reclamation was not economically feasible. Other reasans for not develop=
ing the McCook Wells Unit were that reclassification of laads to be served
by Red Willow Reservoir eliminated that portion of the project area from
which return flows were to be used to recharge ground water, and the state
laws of Nebraska do not mé&e provision for wells units tc be included in
the formation of irrigation districts,
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Table 53--[istorical Runoff of Republican River at Trenton, Nebraska - Trenton Dam Site E/
1,000 acre-feet

Year Oct. Nov, Dec. Jan. Peb, Har, Apr,  lkay June July Aug. Sept. Tobal
1929 8.1 14.6 Sel 9.0 6.8 20.6 16,8 15.7 8.7 0.L 3.0 5el 11h,2
1930 Tl 11.3 9.8 9.8 10.3 11.5 11,9 17.4h 14.1 3.9 10.5 8.1 126.3
1931 9.6 8.9 15.1 10.3  14.2 12.3 12.2 6.8 6.7 0.3 1.8 0.8 99.0
1932 3.6 9.5 10.1 11.3 8.9 9.3 8.6 7.2 F.a 5.8 9.6 1.3 96,1
1933 hoz ?.3 9-2 11-0 9oh 10.8 ?OB lh-B 2.? 2-5 ??!9 360? 19308
193l 7.9 8.7 12,5 1.6 11,8 10.9 8.h 1.L 8.5 0,2 0.6 0 82.5
1935 1.2 5.l 10.8 11.9 10.4 13.1 7.9 23L4.5 201.2 22,8 1L.L 8.9 5h2.2
1936 3.5 S.7 10.6 8.0 9.6 13.7 13.8 L45.3 19,5 0.3 3.9 0 133.9
1937 3.6 5.6 y % k.2 9.L 14,9 10.4 18.8 21.h 2.6 2,0 9.l 109.k
1938 5.3 6.1 5.9 8.4 9.8 10.1 10.5  30.4 19.6 17.0 12,5 21,0 156.6
1939 2.6 L7 7.0 10.5 3.3 20,4 12.6 3.k 27.3 5.5 5. 0 102,7
1940 0.1 2.4 L.3 L.5 18.3 16.3 7.0 2.7 7.0 1,2 043 9.9 74,0
1941 3.3 10.8 12,6 16.2 9.2 9.9 21,0 9.8 LB8.hL 32,7 21.1 75 202,5
1942 11.kL 9.9 8.5 6.8 12.8 48,1 13.9 13.2 21,3 2,0 15,5 17.7 181,1
1943 11,0 9.8 20.1 9.5 1h.2 8.1 7.2 8.2 9.2 0 0 0 973
i9hk 0 1.k 3.3 16.2  16.3 15.8 37.6 18.5 9.0 33,0 1.7 0.1 152,9
1945 33 5.8 9.8 13.9 13.0 8.7 11,9 9.5 22.3 5.3 5.9 1.5 110.9
19L6 L.9 6.1 3.6 7.7 10.1 1.1 5.6 16.8 8.8 L8.L 1.0 1.0 128,1
1947 15,6 16.8 11.2 9.1 1h.7 22,2 18.4 20.1 27.5 0.4 0,1 0 166,1
Total

Avg. 5.6 7.9 9.3 10.0 11,2 15.3 12.8 26.0 26,0 10.2 9.9 6.8 151,0

a/ Values beginning with Dec. 1946 are records. Remainder are estimated to be 96.5% of Culbertson 243 &
S
wlo !
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Table Sh--Historical Run-off of Republican River at Culbertson a/
Discharge in 1,000 acre-feet

Year Oct. Nov,

1

Jan, Feb. Mar. Apr, May

g
g
o
e
&
L ]

Sept. Total

‘1

1929 8.L 15.1 5.6 9.3 7.0 21k 17 16.3 9.0 0.k 3.1 5.3 118.3
1930 8.0 1.7 10.2 10.1  10.7 11.9 12.3 18,0 14.6 L0  10.9 8.l 130.8
1931 10.0 9.2 15.6 10,7 1.7 12.7 12,6 7.0 6.9 0.3 1.9 0.8 1021
1932 3.7 9.8 10.5 1.7 9.2 9.6 8.9 7.5 11.5 6.0 9.9 1,1 99.L
1933 L.k 7.6 9.5  11.Lh 9.7 1.2 8.1  1h.8 2.8 2.6 80.6 38.0 200.7
1934 8.2 9.0 12.9 12,0 12.2 11.3 8.7 1.5 8.8 0.2 0.6 0 85.4
1935 1.2 5.3 1.2 123 10.8 13.6 8.2 2h3.1 208,k 23.6 1L.9 9.2 561.8
1936 3.6 5.9 11.0 8.3 10.0 1h.2 1h3 k6.9 20.2 03 ko O 138.7
1937 3.7 5.8 T L.k 9.7 15.L  10.8 19.5 22,2 2.7 2.1 9.7 113.L
1938 5.5 6.3 6.1 8.7 10.2  10.5 10.9 31.5 20.3 17.6  12.9 21.8 162.
1939 2l L9 T3 10.9 3.k 21,1 13.0 3.5 28.3 5.7 5.6 0 106.L
1940 0,1 2.5 L5 L.7 19.0 16.9 7.3 2.8 7.2 1.2 0.3 10.3 76.8
1%L 3.h 11.2 13.1 16.8 9.5 10.3 21.8 10.1 50.1  33.9 21.9 7.8 209.9
942 11.8 10.3 8.8 7.1 13.3 9.8 1k 13.7 22.1 2.3 16.1  18.3 187.8
1943  11.L 10.2 20.8 9.8 1.7 8.4 7.5 8.5 9.5 0 0 0 100.8
19kl 0 1.5 . 3.h 16.8 16.9 6.k  39.0 19,2 9.3 34.2 1.8 0.1 158.6
1915 3.h 6.0 10.2 ik 13.5 9.0 12,3 9.8 23.1 5.5 6.1 1.6 11k.9
1946 5.1 6.3 3.7 8.0 10,5  1k.6 5.8 17.h 9.1 50.1- 1.0 1,0 132.6
947 16.1 17.L4 3.7 11.9 17.3 23,8 14,8  20.1 2L 13.8 0.2 0 171.5
AV,

1929-h7 5.8 8.2 9.7 10.5 11.7 15.9 13.1 26.9 26.7 10.8 10.2 7.0 156.5

2/ April and October 1929 and January 1930 through September 1930 based on correlation between Max and
Culbertson.
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Table 55--Historical Run-off of Republican River at Max, Nebraska a/
Discharge in 1,000 acre-feet. -

80T

Year Oct. Nov. Dec. Jan, Feb. Mar. Apr. May ° June July hug.. _gep L. Total
1929/ 7.k 12.1 9.0 8.7 9.2  15.7 1.7 1w 7.9 5.0 1.2 5.9 110.9
1930 Tl 9.9 9.0 _ 8.7 9,2 10.1 10.5 15,1 12.3 3.9 9.3 702 112,3
1931  13.0 8.7 8.1 9.0 15.3 15.9 15.6 8.3 81 O 2.3 O 10h.7
1932 3.0 8.1 9.8 111 8.6 9.0 8.7 11X 14.5 1.8 16,7 2.1 101.5
1933 6.9 9.3 9.k 8.6 8.1 12.7 7.4 12.2 1.5 h.9 k2.2 38.1 161.3
193k 8.1 6.6 1. 10k 109 15.8  11.2 1.7 12,5 0.5 3.6 0.6 93.3
1935 2.6 SeT 10.6 10.8 9.6 12.1 7.7 232.8 159.2 14.8 10.1 8.2 L8),2
1936 L.L 8.3 10.2 8.3 8.L 11.1 13.1 L2.0 9.9 0.8 23 0.6 119.k
1937 L0 het— 7.7 3.8 8.9 19,6 7.4 1k 8.6 1.6 1.h 9.0  90.7
1938 La L8 6.9 6.8 9.4 9.5 11.1 29 .k 9.2 12.k 6.2 17.5 127.3
1939 3.6 4.8 7.4 9.7 E 12.9 9.3 3.6 9.0 Lok 2.5 0 70,5
1940 2.0 L2 5.2 5.2 15.3 13.L 6.9 L.0 3.2 1.8 0.1 13.6 The9
1941 L.3 L.8 7.6 13.9 7.8 9.5 12,1 8.2 25.0 23.1 13.9 6.3 1L2.5
19h2 12,2 8,6 - 6.4 11,5 12.3 39.8 15.0 13.0 15.1 2.5 12.5 12.2 161.1
1943  15.1 12.1 19.5 11.2 11.8 10,3 7.6 8.6 4.8 0.1 0 0 i1 P B
194k 2.0 L.3 5.0 7.2 154 15,1 27.2 168 & 8.0 22.8 2.3 1.0 12741
19)5 L.6 Tkt 9.1 12.0 9.3 9.8 1.2 10.0 22.0 3.5 5.9 2.5 1072
1946 L.9 5.8 3.5 7.0 9.0 12.5 Sel 1.6 8,0 Li.5 1.3 13 1145
1947 13.6 1L.6 10.0 10.1 14.5 19.9 12.k4 16,9 20.3 11.8 0.8 0 1LL.9
Avs

1929-47 6.5 7.6 8.7 9.2 10.3 ) 11.3 25.1 18.9 8.7 6.8 6.7 13L.2

a/ October 1928 through September 1945 are historical records with exceptions in b/.

October 1945 through September 1947 based on a correlation with the Republican River at Culbertson.

E/ December 1928 through February 1929 and December 1929 through February 1930 are estimates taken

from the B.A.E. report based on the mean monthly value of all records up to, and including, 1939.
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Meeker-Driftwood Unit

The ground-water conditions described herein were obtained from
information supplied in a publication of Water Supply Pg ers by the
University of Nebraska, 1/ Additional information was obtained from
the Geological Survey, 2 -

is characterized by a buried channel with relatively low bedrock and com-
paratively thick overlylng deposits of water-bearing sand and gravel, The
water table is at a relatively shallow depth ranging from approximately

6 to 30 feet below the surface of the ground, Conditions are favorable
for infiltration of precipitation and direct recharge to the ground water
from stream flow.

‘The Republican River Valley in the area of the Meeker-Driftwood Unit ,j(

"The yleld of wells installed in the alluvium of the Republican Valley
reglon range frem several gallons to more than 1,000 gallons a minute. It
is reported that one of the municipal wells at McCook, drilled on the south
side of the Republican River, was B8l feet deep and yielded 900 gallons a
minute with a draw-down of only 7 feet. The depth to water level in this
well was about 20 feet. It is also reported that irrigation wells situated
in the same productive belt of the alluvium on the south side of the river
near McCook have yielded more than 3000 gallons a minute,

"The yields of wells installed on the uplands both north and south of
the Republican River are considerably less. Many of the wells top the
saturated part of the Ogallala formation that underlies much of the upland
area$, One well, installed in the northwestern part of the county (Red
¥illow), was completed to a depth of 33l feet, the bottom of the water-
bearing sands being 329 feet and the static water level at a depth of 24O
feet, This well is situated in the general vicinity of test hole 126
shown. on Profile section",.., exhibit 19, "and derives 1lts water supply
from the Ogallalasifoymatisn, It is reported that the well yielded 125
gallons a minute with a draw-down of 57 feet, It is believed that, in
general, the yields of ordinary domestle and livestock wells in the
upland areas are somewhat less than this anount,® l/

l/ Ground water in the Republican River Basin in Nebraska, Part III,
Red Willow and Frontier Counties, by H. A. Wa te, ®. C. Reed, and
D. 5. Jones, Jr., published by the University of Nebraska, Conserv-
ation and Survey Division.

2/ Progress Report on the Ground Water Hydrology of the Republican and
Frenchman River Valleys, Circular 19, by Herbert A, Walte and others,
published by the U, S. Department of the Interior, Geological Survey,
August 1948,
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Meeker-Driftwood Unit

Profiles of the Republican River Valley at Trenton axd near McCook
are shown on exhibita 10 and 11,

A cooperative program between the Bureau of Reclamation and the
(eological Survey has been established for the study of the ground water
in the Republican River Valley below Swanson Lake. This program will
establish a history of the conditions which will be used as a basis for
observing ground-water changes resulting from irrigation.

Ground-water observations were made by the Geological Survey for

13 observation wells prior to May 1, 1950, Periodic observation of these
wells will be continued along with periodic observation of 80 additional
wells of which 5 are existing farm wells, and 75 are new wells jetted in
by the Geological Survey during May and June 1950, Information collected
from these wells will be utilized by the Geological Survey in preparing
depth to ground water and water-table contour maps of the Meeker-Driftwood
Area, The Bureau of Reclamation requested these maps to be furnished to
them by April 1, 1951,

Quality 9_{ water

The Geological Survey has made analyses of water tdien from the
Republican River at Max and Trenton, Nebraska, The gnalyses made in 1947,
1948, and 1949 are listed in tables 56 and 57,

These analyses indicate the quality of the water th& will be avail-
able for storage in Swanson Lake, Return flows resulting from upstream
development could deteriorate the quality of the water in the stream if
they accumulate enough sal ts before entering the stream. Since return
flows from planned development above Swanson Lake wlll be a minor part
of the total flow, and because present accretions do not noticeably
deteriorate the water quality, it is not considered that future return flow
from upstream development will deteriorate the water quality of the stream
materially. Analyses of the flow of Frenchman Creek at Culbertson have
been made and they are discussed under the water quality discussion for
the Frenchman unit,

The analyses listed in tables 56 and 57 have been plotted on the
charts, exhibits 20 and 21, These exhibits show the water in the river
at Max and Trenton are of excellent quality insofar as total salts and
sodium percentage are concerned,

The analyses show the boron content is never high enough to cause
damage to the most sensitive crops., The highest boron content reported
was 0,57 parts per million and this was only one analysis, All other
analyses show a boron content of 0,30 parts per million or less.

Sodium carbonate or bicarbonate concentration of the water at Max
and Trenton was studied by drawing bar graphs of chemical equivalents to
show hypothetical combinations of sodium and the carbonates. 0f 42 samples
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EXHIBIT 20 DIAGRAM FOR USE IN INTERPRETING THE ANALYSIS
OF WATER SAMPLES FROM REPUBLICAN RIVER

AT MAX, NEBRASKA,
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EXHIBIT 21 DmGRAM FOR USE IN INTERPRETING THE ANALYSIS
F WiTEN-BAMPLE . REPUBLICAN RIVER .
A‘r TRENTON, NEBR
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Meeker-Driftwood Unit

that were studied from the Max station, 18 or L3 percent showed some
sodium bicarbonate could be formed. Of 76 samples from the Trenton
station studied, 35 or L6 percent showed some sodium bicarbonate could
be formed., Since the sodium bicarbonate concentration is never very
great and because the analysis of all other factors shows the water to
be of excellent quality, the quality of water that will be stored in
Trenton Reservoir is considered to be satisfactory for irrigation,

A study of the quality of ground water has been made by the Geologl-
cal Survey and chemical aalyses to determine the mineral constituents of
the ground water taken from wells at Trenton, Culbertson, McCook, and .
 Indianola were reported in Geological Survey Circular 19, l/ A study of R
these analyses has been made and was reported in a study made by the
Bureau of Reclamation, Indianola office. 2/ This study shows that al-
though the ground water has a little higher total salt concentration than
the river water it is of satisfactory quality for irrigation, These
analyses are not considered necessarily to reflect the quality of the
return flow water.

All of the communities in the Republican River Valley use water
pumped from wells for domestic water supplies and it is not anticipated
any of them will wish to use project water in the future. For this reason
no data is presented to show the extent of pollution of surface waters in
this report.

The Public Health Service has prepared a detailed report showing the
extent, types, and major sources of pollution of streams:in the Kansas
River Basin, 3/ Minimum stream flows necessary below reservoirs for
sanitation are listed in the Public Health Service Report and are
discussed in the section of this appendix discussing "Releases for Public
Health Service".

l/ United States Department of the Interior, Geological Survey,
Circular 19, August 1948,

2/ Quality of Water Report, Republican River Basin by the Kansas
= River District, Indianola, Nebraska, March 1%50,

3/ wKansas River Basin Water Pollution Investigation", Federal
Security Agency, Public Health Service, June 1949,
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Haeker-nritt.wn‘d Unit

Water Rights

The ohief existing irrigation right below Swanson Lgke and above
Bartley Diversion Dam is the present right of the Mesker Capal which
has a provisional grant of 1L3 second-feet dating from Degember 22, 1890,
All of the presently irrigated area unjer the Meeker Canal will be ine
cluded in the Mesker-Driftwood Unit, =

Claims and applications for watgy rights below Trenton and above
Bartley Diversion Dam, as published by the Nebraska Depsartment of Roads
and Irrigation, are shown in table 58.

Anticipated Water Use E,z Future Private a_?g};omont

Anticipated future depletiong by all development of irrigation and
ponds above Benkelman Diversions have been reflected in the flow passing
Benkelman Diversion, table 52, These depletions were based on the water
supply studies of the Upper Republican Division. Depletions due to any )
future private irrigation or pond developments between Benkelman Diversion #
and Swanson Lake are considered negl igible, Depletions due to future
munieipal and industrial development are also considered negligible,

Project Water Supply

Water stored in Swanson Lake will be the only source of water for
development of the Meeker-Driftwsod Unit, No sectional accretions below
the dam could be diverted to the unit under this proposed plan because
the canal serving the unit heads at the Trenton Dem, Return flowa from
the unit were determined in order to be able to show the flow that will
pass by the unit after development, i

Depletions of stream flow due to upstream development have been
determined and were discussed in the foregoing sectlon on water resources,

Reservoir inflow.--Water available for storage (depleted inflow) in
Swanson Lake, table b2, is derived from the sum of the following tabless

Table 52, Flow of Republican River passing Benkelman Diversion
Dam atter development of Upper Republican Division,

Table 59, Historical gain in flow of the Republican River between
Benkelman Diversion and Trenton Dam, This gain is comw
puted by subtracting the historical flow at Benkelman
Diversion, table 60, from the historical flow at Trenton,
table 53,

Table 61, Estimated return flow from 3,700 acres irrigated between
Benkelman Diversion and Swanson Lake,

A

ot r e

¥
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Table 58.~Claims and Applications for Water Rights Below Swanson Lake and above Bartley a/

Operator Provisional Date of
Source or Carrier Use Grant in Location Priority
Appropriator c.fos S TR
-Remblican River Ferguson and Co. Meeker Canal Irrigation 143,00 15 3 31 Dec. 22, 1890
Republican River Lang, Alfred E. Pump Irrigation Oeli2 1k 3 27 Febe 16, 1937
Republican River Lang, Alfred E. Pump Irrigation 0.87 14 3 27 Feb. 2L, 191
Frenchman-Camb,.
Republican River Irrig. District Meeker Canal Irrigation - 15 331 Apr. 3, 19L6
Schoql Creek Sughroue, Edward Pump Irrigation 0032 15 3 27 Augs 16, 1932
#Driftwood Creek  Schmitz, Carl M. Schmitz Canal Irrigation 1,50 12 2 30 May 3, 1930
Berger breek Sughroue, Edward Pump Irrigation 0.64L 15 3 27 Auge 16, 1932
Hesterworth, Mrs. Hesterworth
Driftwood Creek John T. et al canal Irrigation 1.00 1 2 30 Nove. 17, 1913
Driftwood Creek Kueffer; Matties  Sylyan pell Irrigation 2,80 1 230 Dec. 6, 1930
Driftwood Creek Hoyt, Frank Pump Irrigation 0.56 2h 231 Septe 7, 1937
Driftwood Creek Liebrandt, John C. Pump Irrigation 0667 1} 2 30 Septe 5, 1939
Driftwood Creek Hoyt, Homer Hoyt Canal  Irrigation 0.68 25 231 Feb. 23, 1943

+#

_a/ Data published by the Nebraska Department of Roads and Irrigation, Twenty-seventh Biennial Report
Petitioned to be excluded from districte
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Table 59.—~Historical Pickup on Republican River between Benkelman Diversion Dam and Trenton (Trenton Dam Site)

1000 acre—feet

Year Jan. Feb.  War. Apr. May _ June  July Aug, _ Septe  Oct., Nove  Decs  Total
1928 1.6 2-5 "106 2'05
1929 1.6 1,0 6.0 6.2 3.3 0.2 U0 0 0.6 Yai Lie3 1.8 2049
1930 2.1 0,6 1.9 Leb  L.9 0.2 =2.3 0.7 1.5 =244 042 Tl 17.9
1931 1.2 =0.3  =l.i =24 =2,0 0.8 0.1 =1.2 0 D5 1.2 1.8 el
193 2 -1.9 -h.O ""5.1‘ "‘1.8 =1.7 -hu3 1.0 "?Ch "aoh "'103 -1.9 -1.9 "’39-0
1933 -2,1 =2,9 -l.2 0 3,0 0.6 -10.2 58.2 19.2 0.2 0.5 0.2 6545
193].L —Ooh 002 "’20? -1.0 "'0-96 "305 "'003 -505 "‘1‘9 ""2.8 ""1‘3 -0.14 "20.2
1935 1.2 1.3 0.8 =0 Te6  L6,0 1hh Sel 1.9 ~0,1 =2,5 0.l 75«4
1936 -‘lbl 0-2 1.5 1..2 1852 9.1 "0.3 0.2 "2.8 -2.5 -‘1..6 ‘-‘0.9 21:2
1937 2,0 =3.0 0.6 © 2.9 11.6  14.B8 0.9 1,2 0el 0 ~0cly =240 2ha7
1938 =042 2.7 0.8 <=1.9 Lo To6 1.7 =l ~3.8 ~lel =lo6  =2.L 5.6
1939 108 -108 8.8 30’4 0 1908 las 3.8 "'0.? ‘-‘295 "200 "'1.3 30:8
1940 -1.0 8.6 3.2 =1.0 =0.6 3.8 =0e1 =02 -529 =1.5 5.0 1.8 15,1
19h1 BeD 0.7 -1.6 6.y 2.0 2302 -0,9 36l Osh 240 0 -15 3748
19]42 "'ll.oh 00 6 9‘8 "'001 2.1 ll.o 9 "'ln 9 2.2 1-3 "'108 ‘_1”4 ?.S 18.8
1943 =240 L0 =23 =243 =06 Lol -0.5 03 ~lely =248 3.0 =38 ~10e9
19Lh 7o 3.3 o5 15,1 L.8 3.9 7.1  =lsl =20 =240 =0e9 1.k h1.5
19’45 30? 2.2 001 -O-h 009 1!6 105 009 "'105 . _0.8 "‘1.1 —3¢2 309
1946 ~242 =1e9 1.4 -1.0 2,0 2.6 Oeli  =0ol -2,1 6ok 369 1) 1045
1947 0.1 L8 Lel —0.6 0.9 6ol 1.6 0.1 =1,3 - - - 15.3
.Total E )

A_VE. 005 008 1-5 1uh 362 ?e]—‘. 005 300 "‘Onh "0.8 0 032 1703
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Table 60--Historical run-off of Republican River at Benkelman Diversion Dam 3/
1000 Acre-Feet

Year Octe. Nov. Dec, Jan, Feb. Mar.  Apr. May June July Aug, Sept. Total
1929 6.5  12.1 70 7. 5.8 14.6 10.6 124 8.5 LAl 3.0 5.7 98.0
1930 6.6 7.0 8.0 Tt 10.9 9.6 7.3 12.5 13.9 6.2 9.8 6.6 106.1
1931 12.0 8.7 8.0 9,1 - 1k.5 13.7 1kL.6 8.8 7.5 0.4 3.0 0.8 101.1
1932 hol 8.3 11.9 13.2 12,9 1hL.7 10.L 8.9 15.4 4.8 17.0 9.5 131,.1
1933 5.5 9.2 1,1 33.1 12,3 12.0 7.8 11.3 2.1 12.7 19.7 17.5 13L.3
193h- 7.7 8.2 12.3 12.0 11.6 13.6 9.L 2.0 12.0 0.5 6.1 1.9 < A
1935 k.0 6.1 112 10,7 9.1 12,3 8.3 226,9 155.2 8.L 9.3 7.0  L68.8
1936 3.6 8.2 10.5 9.1 i 12,2 12.6 27.1 10.h 0.6 3T 2.8 110.2
1937 6.1 T2 8.0 6.2 12,4 1h.3 75 72 6.6 1.7 0.8 9.3 87.3
1938 5.3 6.5 7.9 8.6 T.E 9.3 12.h 25. 12.0 15.3 13.6 2L.8 148.3
1939 3-7 6-3 9.’-'- 8.7 5.1 11.6 9.2 301‘ ?05 h.o 1'6 0-7 ?192
19L0 2.6 L.L 5.6 5.5 9.7 1341 8.0 3.3 3.2 1.3 0.5 15.8 730
1941 4.8 5.8 7.8 8.2 8.5 11.5 1L.6 7.8 25.2 33.6 18.0 7.1 152.9
942  13.L4 9,9 10.0 5 192 38.3 14.0 1.1 16.L 3.9 13.3 1.k 170.1
w943 128 11,2 12,6 11,5 10.2  10.L 945 8.8 5.1 0.5 0.3 1ok 9L.3
194k 2,8 Ll 71 8.8 13.0 11.3 22.5 13.7 5.1 25.9 2.8 2.1 119.5
1945 5.3 6.7 8.4 10,2 10.8 8.6 12.3 8.6 20.7 3.8 5.0 3.0 103.L
l9h6 s.? ?.2 6-8 9.9 1200 12.? 6.6 1]-[-.8 6.2 hsao l.l 301 1.3,4.1
1947 9,2 12,9 10.1 9.0 9.9 18.1 19.0 19.2 21.h 8.8 0.5 1.3 139.L
Total ' -

Avg. 6.k 7.9 91 9.5 1oy 138 1,k 22,8 18.7 9.7 6.8 7.2 133.7

_a_/ Sum of Republican River above Benkeolman and Sout) Foazk Republican River at Benkelman
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Table 6l--Estimated return flow - Benkelman Unit below Benkelman Diversion Dam a/

(Unit - 1000 acre-feet)

Sept. Oct, Nov. Dec.

Aug.

July

dune 9

May

Mar, __Apr.

Feb.

Jazj-E

Year

To‘Eal

O.L
0-3

Ouls
Ok

0.5
0.5

0.2
0.3

1929
1930

0.k 0.L 0.5 0.4 o.L 0.3 L.l

0n3

0:3

0.2

003

0-3

1946
1947

0.3

Avg.

——

g} Return flow from 3700 acres

KS002344



Meeker-Driftwood Unit

The reservoir inflow can be stored until the reservoir irrigation
storage capacity at 58,800 acre-feet is reached.

Return flow,--The return flows available for project use in the
MeekeT-Driftwood Unit include all return flows from upstream development
except that which may be diverted by the Benkelman Diversion Dam. Unused
return flows from lands above Benkelman Diversion Dam are reflected in the
depleted inflow to Swanson Lake, table 62,

Computation of return flow from lands irrigated under the Meeker-
Driftwood Unit were made in the same manner as for the Frenchman Unit.

Records of the historical diversions to lands now irrigated under
the Meeker Canal are available for the irrigation seasens from April 1929
through September 1942, table 63. To estimate the missing period,
October 1942 through September 1947, a correlation curve, exhibit 22,
was drawn by plotting concurrent diversions by Culbertson Canal against
the diversions of Meeker Canal,

Return flows from the Meele r-Driftwood Unit are based only on the
increased diversions over and above the historic diversions because
return flows from presently irrigated lands are already reflected in
stream-flow records. The return flow from the increased diversions
required for full development are shown in table 6L, The sane method
was used in determining the return flows from the additional diversions
as was used in determining the return flows from the Frenchman Unit.
(See Frenchman Unit return flow discussion.)

Return flows from lands irrigated in the Meeker-Driftwood Unit,
listed in table 6L, are not considered available for reuse in this unit,
They are considered to enter the Republican River and will be available
for diversion at Bartley Diversion Dam in the Red Willow Unit,

Water Raquiremantb

Water requirements for the Meeker-Driftwood Unit which will create
a demand upon Swanson Lake include the water required for irrigating the
lands in the unit, water lost due to evaporation from the reservoir, and
water lost due to seepage from the reservoir, The water requirements for
irrigation are dependent upon the consumptive use of water by irrigated
crops, the effective precipitation in the area, transportation, and farm
losses.

Determination of diversion and irrigation requirements

The same general procedure was followed to determine the above factors
required to find the diversion and irrigd ion requirements as was explained
in the foregoing discussion on the water requirements for the Frenchman
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Table 62.—Depleted inflow of Republican River into Swanson Lake a/

(Unit - 1000 acre-feet)

Year Jan, Feb. Mar, Apr, May June July Aug, Sept. QOct. Nov, Dec. Total
1929 9.h 7.0 20.4 13.5 12.6 h.2 0 0 0 3.5 9.2 79 87.7
1930 9.2 10.4 11..0 8.5 17.L 10.3 0 Le2 3.9 6.9 8.3 15,0 105, 1
1931 10.3 L.L 12.0 10.L4 0.9 2.5 0.7 0 0.6 0.k 6.4 6.3 6.9
1932 6.9 6.4 6.2 3.9 0 6.9 1.8 1.5 0 0 2.5 7.8 43.9
1933 9.6 8.1 9.0 2.6 8.4 1.L ¢ 59.8 32,8 3.9 8.4 13.2 15742
1934 12,1 12,5 10.9 1.0 0,2 0.9 0.6 0 0 0 0 Le5 42,7
1935 8.7 %k 8.7 1.7 222.8 197.9 15.1 6,6 3.9 0.7 3.7 Be9 L86.

1936 6.8 9.3 13.L 8.5 Lh.1 13.6 0.5 y s 0 0 0 L.9 102.2
1937 3.4 Te2 8.7 3.6 12,6 15.8 1.7 2,1 1..6. 1.9 3.8 3.0 65.1 -
1938 Sl 7.8 6.9 3.8 26,5 11.9 8.0 6.0 12.7 0 Le2 6o 99.6
1939 13,2 3.7 20.7 9.6 0.7 22.3 2.3 lisd = D2 0 0 267 78.1
1940 33 1 11.7 1.4 0.1 L6 0.8 0.8 4.3 0 8.0 8.3 57.k
1941 11.8 7.0 6.4 17.3 3.8 L0.7 23.5 13.2 5e2 Tl 8,8 9ol 15L.5
192 7.0 13.2 L7.6 13.6 9.7 18.6 0 Lol 13,5 8.6 9.4 20.3 165,6
1943 9.7 14.6 7.8 0.3 3.4 Sl 0.k 0.7 0 0 0 0 L2.3
1944 10.L 8.4 2.1 33.8 16,2 L7 28.9 0 0 0 0 6.l 12069
1945 11,5 11.5 6.0 101 S.h 17.5 2.2 1.6 0 0 1.8 1.7 69.3
1946 7.0 9.5 1h.2 0 13.9 k.3 39.7 0.7 0 10. 13.3 8.5 121.3
1947 8.0 14.3 20.7 18.2 20.0 26.0 L.6 Ol 0 - - - 112.2
Average 8,5 9.8  13.L 8.5 22,0 21.6. 6.9 5.7 L.l 2.k 4.9 7.5 115.3

E./ Includes flow passing Benkelman Diversion plus Return Flow from 3700 ac. plus pick up between Benkelman
Fiversion and Trenton Dam Site.
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Table 63--Historical diversions into Meeker Canal E/

(Unit - 1000 acre-feet)
July Aug. Sept. Oct. NovVe Total
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Aprl

Year
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00000
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1.0

1.1
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0.9
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Avg.

E/ Oct. 19L2 through Sept. 1947 estimated from correlation with Culbertson Canal Diversions
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Meeker-Driftwood Unit

Unit., The consumptive use, effective precipitation, consumptive use of
irriga ion water, and diversion requirements for the Meeker-Driftwood
Unit were found as followas

Consumptive use.--Temperature records, table 65, collected by the
Weather Bureau at Culbertson, Nebraska were used in computing effective
heat and consumptive use for the Meeker-Driftwood Unit. The annual
consumptive use distributed an a monthly basis is shown iﬁmtable 66,

Precipitation.-~Precipitstion records at Culbertson, table 67, and
McCook, table 68, were averaged together to determine the precipitation
over the Meeker-Driftwood area, table 69, Not all precipitation falling
on the project area is effective; therefore an adjustment was necessary to
determine the amount that would be considered effective, These adjustments
to the recorded precipitation were made in the same manner as explained in
the Frepchman Unit. Effective precipitation for the Meeker-Drif twood area
is shown in table 70,

Consumptive use requirements of irrigation water.--The consumptive
use reguirement of lrrigablion water is that amount not supplied by
effective precipitation, as shown in table 71,

Diversion requirements,--In order to satisfy the crop irrigation
requirement, 1t 1s necessary to divert sufficient additional water to over-
come transportation and farm losses., For this unit, the farm losses were
estimated to be 30 percent of the farm delivery requirement. Therefore
the crop irrigation requirements were multiplied by 100 percent over 100
percent minus the percent of farm loss to give the farm delivery require-
ment. -

Transportation losses in the distribution system include water con-
sumed by evaporation, by transpiration of canal-bank vegetation, and by
seepage or percolation, The estimated percentage for the total losses
was based on these factors together with the length of canal., Camal
losses were estimated to be 25 percent of the diversion requirement. The
diversion requirement in acre-feet per acre, table 72, was computed by
multiplying the famm delivery requirement by 100 percent over 100 percent
minus the transportation loss percentage.

Releases will be made at Trenton Dam for the irrigation of the entire
16,440 acres, table L7, that are planned for development in the Meeker-
Driftwood Unit, The diversion requirements in acre-feet, table 73, were
obtained by multiplying the diversion requirements in acre~feet per acre,
table 72, by 16,400 acres, y

Evaporation from reservoir

The evaporation rate from Swanson Lake was determined by using the
same general methods as were followed for determining the evaporation rate
from Enders Reservolr,
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Table 65—Effective Heat and Consumptive Use at Culbertson (day degrees)

Year Mar. Apr. May _ June July Aug, Sept. Octe  Nov. Total _ Copeugptive Use
1929  Mar 28 66 1086 1302 1549 1903 1968 1230 997 ~ Oct 26 10,121 2.h3
1930 Apr 2 - 1150 1271 1560 1910 1767 1Ll 850 - Oct 26 9,999 2.1
1931 Apr 7 - 823 1370 170 193h 1758 1605 1197 - Oct 28 10,L27 2.47
1932 Apr 5 - 982 1513 1551 198 1820 1hk2 673 - Qct 18 9,965 2.40
1933 Apr 2 - 963 1311  191h 1913 1628 1515 1228 61 Nov 3 10,533 2,50
193 Mar 28 93 1194 1603 1779 211l 1854 1338 1286 290 Nov 8 11,641 2,67
1935 Mar 24 205 95h 1011 1512 1987 1820 1h13 B62 - Qct 25 9,764 2,37
1936 Apr L - 1065 1420 1788 2117 2055 1587 879 - Oct 23 10,911 2.55
1937 Apr 9 - 763 1321 1551 2015 2000 1578 989 - Oct 29 10,217 2.k
1y>6 Mar 25 109 1017 1286 1671 1990 1993 158L 11ho - Oct 24 10,790 2,50
1939 Apr 9 - 727 1575 177k 2065 1872 1671 797 - Oct 19 10,L81 2,49
1940 Apr 3 - 86Lh 1l 1761 2015 1798 1539 1258 . Oct 29 10,6L9 2.51
1941 Apr 2 - 877 1472 1512 181; 1866 122 101k -  Qct 31 9,977 2.1
1942  Mar 29 48 1053 1318 1503 1956 1767 1302 1051 - Oct 28 9,998 2.1
1943 Apr 2 - 1089 120 1608 2009 2015 1533 883 - Qct 22 10,377 2.7
9k Apr § - Lhh 1h63 1578 1730 1773 1539 1137 - Qct 29 9,66L 2,36
1945 Apr 6 - 764 1352 1347 1876 1795 1509 1045 - Qct 25 9,638 2,36
1946 Mar 15 525 1335 1212 1713 1925 1758 9L 825 Oct 25 10,787 2.5L
1947 Apr 10 719 1256  1hls 1792 2015 1632  1Lé63 36 Nov 2 10,359 2.L7
Total 1015 1?869“5336“"‘6877 37005 355:2 <ot 1957L 367 154,308 15,50
Avg, 55 9k 1358 1624 1950 1860 1L97 ™0 20 1033L 2,146

3/ From Lowry & Johnson curve,
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Table 66,.~Distritution of Consumptive Use Meeker-Driftwood Unit a/

Feet per Acre

Year _ Jan. _ Feb. _ Mar. _ Jpr. May _June  July  Aug.  Sept.  Oct, _ Nove, _ Dec,  Total
1929 .02 .05 .12 «20 .2l 3h L6 Lh .29 «15 007 «05 2.43
1730 .02 .05 .12 .19 2 3L L6 L3 029 .15 .07 .05 2.h1
1931 .02 .05 d2 .20 . .25 .38 L7 Lk .30 5 .07 05 2,L7
1932 .02 .05 12 .19 .2l .3k L6 43 .29 o1l .07 .05 2,40
1933 .02 .05 12 .20 .25 .35 18 L5 .30 .15 .08 .05 2,50
193}-1 003 -05 -13 021 '2? -38 -51 oh-a .32 .16 -08 OOS 2‘67
1935 .02 .05 .12 19 .2k .33 L5 L3 .28 Jah .07 .05 2.37
1936 .02 .05 .13 .20 .26 .36 .18 Lé +31 o15 +08 +05 2.55
1937 .02 .05 .12 .20 .25 3L L6 Ll .29 .15 .07 .05 2.h4h
1938 .03 .05 .13 .20 «25 .36 L8 L6 .30 «15 .08 <05 2.5L
1939 .03 .05 .12 .20 .25 .35 U7 U5 .30 .15 .07 .05 2.50
1940 .02 .05 .13 .20 .25 .35 L8 U5 .30 .15 .08 .05 2.51
19L1 .02 .05 .12 .19 .2l 3L L6 L3 «29 .15 07 .05 2.h1
- 1942 .02 .05 12 .19 2k .3k L6 A3 .29 <15 .07 .05 2.41
1943 .02 .05 .12 .20 .25 .35 A7 Ul .30 <15 JOT .05 2.47
19LL .02 .05 .12 .19 2L <33 .45 42 .28 .1 07 .05 2.36
1945 .02 .05 .12 .19 .2k 33 15 L2 .28 o1k .07 .05 2,36
1946 .03 - .08 .13 20 .25 .36 A8 L6 .30 15 .08 .05  2.54
1947 .02 .05 .12 .20 .25 .35 L7 Ll .30 .15 .07 .05 2,47
Total
Avg.  0.02 0.05 0,12 0.20 0.25 0.35 Q.47  O.uk 0.29 0,15 0.07 _ 0.05 2.L6

a/ Use records at Culbertson, Nebr,
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Table 67.~Precipitation at Culbertson, Nebraska a/

Unit - Inches

Year Jan, Feb, Mar. Apr, May June July AI{_g‘. Sept. Oct. Nov. Dec, Total
1928 .10 .51 1.33 Sl 6,68 7.29 7.75 .50 .66 2.3 1,20 o 29,29
1929 .20 .75 .05 1.86 5.31 2.54L 1.67 .38 2.53 1.62 1.28 0 18,19
1930 1.00 L6 .67 3.9L4  L.hh 2.75 L.78 2.1 2,38 lie62 2.03 .53 29.7L
1931 0 1.02 3.21 1.13 1.1% 3.18 .87 3.30 .58 .62 1.26 .32 16.68
1932 b0 .50 «20 2.26 3.L40 3.90 2.62 .51 «38 6l 0 .15 15,16
1933 .03 .30 1.53 1.93 2.79 .98 2.88 7.33 3.81 0 .30 <10 21.98
193L .20 1.56 07 X, 29 .80 L.81 1.10 2,01 2.13 «56 2,00 <75 17,21
1935 .20 .36 L6 1.L5 8,33 L.27 L2 1.92 2.21 oLl 1.25 023 21,56
1936 «53 .22 .56 1.17  L.37 1.20 1.99 <36 Y17 +10 T $32 11,99
1937 .6l .12 1.19 6L 1,38 L.8L 1.63 1.85 L0 1.19 .08 »30 1,26
1938 .24 o1 1.89 2.32 17.80 2.05 3,76 3.35 l.h1 «02 0L .13 23,15
1939 50 43 1.8 1.38 1.52 3,57 53  1.b7 <39 «03 T 8L 12,Lh7
19Lo .91 .19 2.9 T .58 1,87 1.28 2.31 1,26 1.5k .52 <15 1.13 15,01
1941 1.09 .29 «76 2.88 2.94 5.32 L.52 1439 5.61 1,16 «20 1,50 27,66
1942 .32 .87 .82 5.82 1,79 5,72 S 1097 L.61 61 o5k .39  2L.o
1943 .26 .09 .76 .71 1,15 2.03 1.39 2,78 .05 .60 .25 017 11.2L
19L) 1.97 .59 171 7.91 2.53 1,58 5.88 1.28 0L «52 1,02 +33 25,76
1945 .5 .26 «31 2,57 3.Lo 3,19 2,58 3,80 2.3L «29 .20 .33 19,81
1946 12 .13 1.74 .15 L.91 LLO  3.81 2,27 2,23 6.06 2.21 .10 28,13
1947 .26 «35 A6 2,95 2,73 8.18  L.58 L5 2,0k Bl 1022 93 2Le96
Total s

Avg, 0.51 0.L8 1.11 2.31 3,30 3.L6 2,54 2,10 1.89 1,07 0.75 0.L45 19.97

a/ Data published by the U. S. Weather Bureau.
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Table 68.~~Precipita ion at McCook, Nebraska — Inches a/

Year Jan, Feb, Mar, Apr. May June July  Aug.  Sepu- Oct,  Nov, Dec.. Tota) e
1929 JA8 1.6 o34 1.66 3.40  L.h2 2,66 1,18 2,23 1.40 1.80 o1l 20,5%
1930 1,10 «82 12 L3 L5 3.77 B.70 2.2 2.68 6,66  2.61 <40 38.2¢
1931 230 1.97 3.87 1.51 1,18 3,11 1.12 2,51 59 79 2.2 <56 19.7"
1932 .80 .84 37 1,71 3.12 3,76 2.8 1.30 1l.21 66 "0 .18 16,4
1933 0 e 19 2,09 2,98 2.66 1,19 1.77  5.52 3.10 c 012 1,52 21,1
. 1934 032 1,09 - L16 1.46 1,27 5.19 A5 1,87 1.90 Jd6 1.9 o9 16,25
1935 05 «30 S5 145 7.20 291 1,34 2.7 1.70 U5 132 27 20,27
1936 oli% 37 18 1,02 5,35 1,50 2,03 bLh 1,26 012 <07 67 13.70
1937 90 G20 2,29 6L 2,27 3.65 1,95  1.37 «97 1,45 o13 o31 16,10
1938 «25 Jd5 1,51 231 5.5, 1.08 3,12 3.43 1.54 ¢ <02 15 19,10
1939 63 53 149 2,45 1,74 3.59 1.80 1,25 025 «02 P «88 1L .63
1940 «93 M3 3.99 29  1.78 2.1 2,03  1.79 1.k6 33 «88 1,20 1725
1941 1.4ké <38 67  3.94 2.32 6,35 1.86 1.4L0 5,76 .19 A8 2,24 27.35
1942 35 1.35 1.93 3.52 2,15 5.38 82  1.65  L.69 oli5 «60 o7 23.35
1943 .18 «10 69 1,95 1.33 2,97 1.93 1.32 «35 #12 ol 23 1.3,
194 2,36 1,78 2,08 8,22 1.93 2,75 7.45 1.1k 07 9L 1,23 olils 30,36
1945 66 21 30 2,23 2,91 L.30 2,77  LA9 1,57 19 17 o71 20,51
1946 o15 O 2,03 17 LB 29  5.30 3,16  2.L9 7.62 2,61 «05 31,04
1947 »35 <55 99 2.21 2.53 L.22 3.40 o177 1.84 1,16 127 1.10 20439
Avg., 0.61 0.66 1.35 2,32 3.05 3.43 2,79 2,09 1,88 1,22 0,91 0,63 20,94

3/ Data published by the U. S. eather Bureau,
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" Table 69.--Precipitation--Culbertson-licCook Average a/

Inches

Year Jan, Feb, Mar, Apr.  HMay June  Jul Aug. ept._ Oct, . Novg Dec, Total
1928 0.12 o.kk 111 0.Ll1 5.27 5.98 8.26 0.4L2 0.83 2.0, 1.66 0 26454
1929 .19 .96 .20 1.76  L4.36 3.48 2,16 .78  2.38 1.51 1,54 .07 19,39
1930 1,05 .6h Lo L4.,18 L.60 3.26 6.74 2,18 2.53 5.6 2.32 L6 34,00
1931 .15 1.50 3.54 1.32 1.18 3.1: 1,00 2.9 .58 .70  1.76 ol 18,21
1932 .70, .67 .28 1.98 3.26 3.83 2.55 .90 .80 65 0 .16 15,78
1933 .02 24 1.81 2.6 2.72 1,08 2,32 6.,h2 3.L6 0 21 .81 21.55
1934 .26 1,32 .22 . 1,34 1.04 5.00 .78  1.94 2.02 .36 1,95 .62 16.75
1935 .12 3L .50 1.k  7.76 3.59 .88 2.,3h 1.96 Al 1.28 .25 20.91
1936 .51 .30 +37 1,10 L4.86 1.35 2.01 .50  1.22 J11 0l «50 12,87
1937 77 16 1,74 b2 1.82 L.2h 1,79 161 .68 1.32 .10 «30 15.15
1938 .2l AL  1.70 2.32 6,67 1.5 3.4Lh  3.39 1.L48 .01 .03 .1lh 21,12
1939 .56 JMu8 165  1.92 1.63 3.58 1.16 1.36 .32 .02 0 .86 13,5k
1940 .92 .31 3.48 A B2 1T 0 ZAl  2.52 1.50 L2 .66 1,16 16,11
1Ll 1.28 3L ] 3.1 2.63 5.8 3.19 1.,L0 5.68 .98 ,19 1,87 27.53
1942 34 1,11 1.38 L.67 1.97 5.55 .88 1,81 k.65 53 .57 L3 23.89
1943 .22 .10 .72 1,83 1.24 2.50 1.66 2.05 .20 .36 .21 .20 11.29
194k 2,16 1,38 1,90 8.06 2,23 2,16 6.66 1.21 .06 72 112 .38 28.04
1945 60 .2h 30 2,40 3.16 3.7k 2.68 L.y 1.9 2,18 52 20.16
1946 1L 08 1.88 16 ha70  3.67  Lh.36  2.72 2.36 6.84 2.0 .08 29.59
1947 .30 L5 .72 2,58 2,63 6.20 3.99 61 1.9 .98 1,24 1.02 22,66
Total

Avg. 0.55 0.57 1.28 2.30 3,17 3.h5 2.67 2.09 1.88 1.15 0.88 0.5h 20,45

a/ Average of data published by U. S. Weather Bureau.
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Table 70.--Effective Precipitation--Culbertson-licCook Average E/

Feet

Year Jan, Feb, k.ar, Apr, kiay June July Aug. Sept. Octes HNove Dec., Total
1628 0,01 0.0k 0.09 0.03 0.32 0.33 0.34 0.03 0.07 0.16 0.13 0

1929 .02 .08 .02 .1k .29 .25 17 .06 .18 a3 12 .01 1,46
1930 .08 .05 .03 .29 .30 2L 3L .17 .19 +33 .18 .0l 2.2L
1931 01 12 .25 .10 .09 .23 08 .22 .05 .06 Al Mol 1.39
1932 .06 .05 .02 +15 .24 27 A9 .07 .07 .05 0 .01 1,18
1933 0 .02 Al .19 .20 .09 18 3L .25 0 .02 .07 1.5
193L .02 .10 o .10 .08 .32 06 .15 .16 .03 .15 .05 1.23
1935 .01 .03 .0l 11 3h .26 .07 .18 .15 0L .10 .02 1,35
1936 .0l .02 .03 .09 31 W11 .15 .04 .10 .01 0 0L 0.94
1937 .06 .01 .13 .05 .15 .29 A .13 .05 .10 .01 .02 1.1,
1938 -02 -Dl 013 .lB 03h 012 025 025 -12 O O .Ol lth3
1939  .Oh .04 B i S A3 26 .09 .11 .03 0 0 .07 1,05
1940 .Q7 .02 .25 .0l b .13 ; t SR - .12 .03 .05 .09 1,23
1941 10 .03 .06 .25 .20 +33 23 .11 .33 .08 .02 o1l 1.88
1942 .03 .09 11 .31 .15 .33 07 b .31 .0l .05 .03 1.66
1943 .02 .01 .06 .1k .10 .19 A3 .16 .02 .03 .02 .02 0.90
9Ll s17 w13 .15 3L .18 W17 J3h .09 0 .06 09 .03 1.73
1945 - .05 .02 .02 .19 .23 .26 20 .28 .15 .02 .01 Kol 1.Lh7
1946 01 .01 .15 .01 +3L .26 .30 .20 .18 3L .19 .01 1.97
1947 .02 .0k .06 .19 .20 3L .28 .05 .15 .08 .10 .08 1.59
Total

Avg. 0.0 0.05 0.09 0.16 0.21 0.24 0,18 0.15 0.1k 0,07 0.07 0.0k 1.Lh

a/ Average of data published by U. S. Weather Bureau,
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Table 7l.--Consumptive Use Requirements of Irrigation Water

Meeker - Driftwood Unit

Feet per acre Irrigated

a/ a/
Year Apr, May June July Aug, Sept. Oct. Total
1929 0.09 0 0,07 0.29 0,38 0,11 0.03 0,97
1930 0 0 0 .08 .26 .10 0 oLl
1931 0 0 0 .30 .22 .25 .09 .86
1932 Ol 0 .07 .27 .36 .22 .09 1.05
1933 .08 o12 .26 .30 i1l ,05 .15 1,07
1934 e .25 .06 L5 .33 .16 +13 1.55
1935 .10 0 0 .37 .25 .13 .10 .95
1936 .17 0 .25 «33 N2 .21 .1h 1.52
1937 .19 i .05 .32 .31 .2l .05 1.30
1938 .09 0 .22 .23 .21 .18 .15 1.08
1939 11 .17 .09 .38 +3L w2 .15 1.51
1940 .07 w11, 22 «31 +33 .18 G102 1.34
191 0 0 0 21 .32 0 .03 .56
1942 0 0 0 .29 .29 o} .09 67
1943 +13 .22 .16 «3h .28 .28 12 1.53
194l 0 0 0 02 33 .28 .08 o 71
19L5 .05 .06 .07 .25 «1h .13 .12 .82
1946 .25 0 .09 .18 .26 .12 0 .90
1947 0 0 0 07 .39 .15 .07 .68 .
Average 0,00 0.06 0,09 0,26 0,29 0.10 0.09 1,03

a/ Includes one-half of portion of Nove-liar. requirement not met by
the effective precipitation for that period.

137
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Table 72.—Diversion Requirements - Meeker-Driftwood Unit a/

(acre-feet per acre irrigated)

Year Apr,  May June July Aug. Sept. Oct, Total
1929 0.17 = © 0.13 0.55 0.72 0.21 0.06 1.8L
1930 0 0 0 .15 .50 .19 0 0.8h4
1931 0 0 0 .57 L2 A7 «17 1.63
1932 .08 0 ;13 .51 .68 12 = 1.99
1933 -15 .23 lh9 .57 021 010 .28 2.03
193L .32 .18 B | .85 .63 .30 .25 2,94
1935 .19 0 0 .70 U7 .25 .19 1.80
1936 .32 0 L7 .63 .80 Lo «27 2.89
193? 036 -2? .O9 .61 -59 .hé .09 2.h7
1938 A7 0 2 Ll .40 34 .28 2.05
1939 .21 .32 17 .72 .65 .51 .29 2.87
1940 513 e B 12 .59 .63 .34 023 2,55
1941 0 0 0 L0 W61 0 .05 . 1.06
1942 0 0 0 .55 .55 0 7 1.27
1943 .25 A2 .30 .65 .53 .53 .23 2.91
oLl 0 0 0 .0l .63 .53 .15 1.35
1945 .09 X1 33 .18 27 .25 +23 1.56
1946 B8 = D AT o34 U9 .23 0 1.71
1947 0 0 0 .13 JTh .29 .13 1.29
Average 0.15 0.11 0,16 0.50 0.55 0.31 0.17 1.95

3/ Based upon canal and farm losses of 25 and 30 percent,
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Table 73 .~-Diversion Requirements -~ Meeker-Driftwood Unit - 16,4L0 acres

(Unit 1000 acre-feet)
___duly Auge

Sept, 0ct. Total ~ AT

2.1 9.0 1.8

1929° 2.8 0 . 3.5 1.0 30.2
1930 0 0 0 2.5 8.2 31 0 , 13.8
1931 0 0 0 9. 6.9 17 2,8 26,8
1932 1.3 0 2.1 8 olt 11.2 6. 9 2.8 32,7
1933 2&5 3-8 8.1 9.'-1 3.5 1.6 ht6 3305
193L 5.3 7.9 1.8 14,0 10, k.9 L.l L84
1935 3.1 0 0 1.5 7.7 h:1 3.1 29,5
1936 53 0 1.7 10.4 13.2 6.6 Lok L7.6
1937 5.9 h.hh 1.5 10,0 97 7.6 1.5 106
1938 2.8 0 6.9 7.2 6.6 5.6 L6 ‘ 33.7.
1939 3.5 5.3 2.8 11.8 10,7 8.4 li.8 h7.3
1940 2.1 3.5 6.9 9.7 10.L 5.6 3.8 42,0
193 0 0 0 6,6 10.0 0 0.8 17.h
1942 0 0 0 9.0 9.0 0 2,8 20,8
1943 L.l 6.9 h.9 10,7 8.7 87 3.8 L7.8
1941k 0 0 0 0,7 10,4 8.7 2,5 22.3
1945 : 15 1.8 2.1 7.9 bk k.1l 3.7 25.5
1946 7.9 0 2.8 556 8.1 3.8 0 - 28,2
1947 0 0 0 2.1 12,2 L.8 2.1 21,2
Average 2%s 1.8 2.6 8.2 - 9.1 5.0 2.8 32,0
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Maeker-Driftwood Unit

(ross evaporation.—The evaporation records at Colby, Kansas,
corrected to iree water surface, table 74, were used as a basis for
determining the evaporation rate at Swanson ﬁhfe for the months of
April through September. A factor determined from charts published
by the Minnesota Resoubbs Commission was udbd to adapt the Colby;
Kensas evaporation retords to the Swanson Lake ateas 1/ The Colby,
Kansas records werd multiplied by the following factors to obtain the
evaporation rate for Swanaon Lake.

Month Factor
April 0,92
May 0,96
June 0.95
July 0.94
Avgust 0,95
September 0,95

Records of evaporation are not collected in this area during the
winter because of freezing weather; therefore the rates of evaporation
for the winter months were used as published by the Minnesota Resources
Commission, y -

Evaporation rate

Month in inches
October L.95
November < 2.65
December 1.45
January 1.25
February 1.40
March 2,40

The gross evaporation rates determined for Swanson Lake are presented
in table 75.

Precipitation over reservoir,=-~Precipitation data collected by the
Weather Dureau a rtson, Nebraska, represents the precipitation fall-
ing over Swanson Lake area, and these data are presented in table 67.

Net reservoir evaporation,--The net reservoir evaporation rate is the
difference between futurc and past consumptive uses from the reservoir
area. For this study, the past consumptive use is estimated to be equal
to the precipitation over the reservoir area, The net evaporation there-
fore is the difference between the gross evaporation rate, table 75, and
the precipitation over the reservoir area, table 67, The net evaporation
for Swanson Lake 1s shown in table 76.

1/ "Evaporation from Lakes and Reservoirt, published by Minnesota
= Resources Commission, June 1942,

1.0
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Table 74.—Reservoir Evaporation Rates, Colby, Kansas 2./

™t

(Inches)
Year Apr, May June July Aug, Septq
1929 5.45 _ 4,79 6,63 9.38 7.73 5.U43
1930 L.53 5.22 7.17 8.93 709 L.7h
1931 3.75 5.71 8.37 9,21 753 767
1932 5.39 7.13 6.46 9.72 8.60 5.91
1933 5.96 5.50 9.5L 9.16 6.66 6,15
1934 5.91 8.85 10.55 12,73 10,01 5.96
1935 6.51 5.00 7.20 11,11 8.79 5.83
1936 Lok 6.17 9,11  11.M8 9.06 6439
1937 5.11 6.47 6.80 9.68 9.20 5.61
1938 L. L8 4.98 7.21 8.67 9.99 5.85
1939 L.20 7.28 9.22 10.99 7.99 8,38
1940 k.50 6,68 9.57 9.87 7.19 5,0L
1941 3.56 5.96 6.82 7.20 7,09 6,35
1942 3.96 5.79 5.68 9,02 7.58. L.93
1943 5.32 L.64 7.76 9.53 9.0l 6439
194k 2,72 6.33 6.72 6.89 7.31 5,62
1945 3.72 . 5.56 5.45 7.89 7.10 5.76
1946 5.82 6.23 8.50 8.48 8.98 6,13
1947 3.88 L.71 5.68 730 9.20 7.8k

mpu——

——

Evaporation Rate equal to 0.9L times evaporatlon from pan recorded by U. S. Weather
Bureau at Colby, Kansas,
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Table 75.—Gross Evaporation at Swanson Lake _a-/

W{IH&M
Year Jane Feb, Mar, Apr. May June July Aug. Sept. Oct, Nove DeCe Total
1929 1.25 1.40 2.40 5.07 L.60 6,30 8,82 7.3h 5.16 L.95 2.85 1.5 51.59
1930 1.25 1.40 2.0 Lh.2 5,00 6.81 8,39 6.7h L.50 L.95 2.85 1.L5 19,96
1931 1.25 1.40 2.L0 3.49 5.48 7.95 8.66 7,15 T.29 L.95 2.85 1,L5 SLe32
1932 1.25 1.40 - 2,40 5.01  6.84 6.1 S.1h 8,17 5.61 L.95 2,85 1,45 5521
1933 - 1,25 1.0 2,40 5.5 5.8 9,06 8,61 6.33 5.84 L.,95 2.85 1.L5 54.96
1934 1.25 1.40 2.0 5.50 8.50 10.02 11,97 9,51 5.66 L.95 2,85 1.L5 65,48
1935 1,25 1.Lh0 2.40 6,05 .80 6.8 10, 8.35 5.54 L.,95 285 1.5 56432
1936 1.25 1.40 2,40 4.59 5.92 8.65 10,76 8.61 6.07 L.95 2,85 1.5 58,90
1937 1.25 1,40 2.40 L.75 6.21 6.6 9,10 B8.74 5.33 L.95 2.85 1.L5 54,89
1938 1.25 1.40 2.0 L.17 4.78 6.85 8.15 9.49 65.56 L.95 2.85 1.L5 53.30
1939 1.25 1.40 2.0 3.91 6.99 8,76 100,33 T.59 7.96 L. 95 2.85 1.L5 59.8L
1940 1.25 1.40 200  Le5S6  6.hl 9,09 9.28 6.83 L.76 Lh.95 2,85 L5 55,23
1941 1.25 1,40 2.0 3.31 5.72 . 6.48: 6.77 6.7k 6,03 'h.95 2,85 1.L5 L9.35
1542 1.25 1.L0 2.L0 3.68 5.56 5,40 B.48 7.20 Lb8 4.95 2,85 1.45 L9.30
943 1.25 1.40 2.0  h.95 L.u5 7.37 8,96 B8.59 6,07 L.95 2,85 1.5 5h,69
9Lk 1,25 1.L0 2.40 2,53 6.08 6,38 6,48 6.94 5,34 L.95 2.85 1.L5 48,05
19&5 1.25 1.Lo 2,40 3.6 5.3 5.18 7.h2 6.7h 547 LS5 2,85 1.5  L7.91
1946 %25 1.40 2.,0 5.1  5.98 8,08 7.97 B8.53 5.82 L,95 2,85 1,45  56.09
1947 1.25 1.L0 2.0 3,61 L.52 5,40 6.86 8,7k 7.h5 L.95 2.85 1.b5 50,88
Total 23.15 . 26.60 L5.60  B83.80 108.L7 137.22 166,59 108,33 110.14 9L.05 Dbh.Ib 270> 1026425
Average 1,25 1.40 2.40  L.lo 5,71 T7.22 8,77 7.80 5.80 L.95 2,85 1.LS 54,01

E/ Oct.-Mar. based on Meyer's maps.

Apr.~Sept. based on correction factors for records at Colby, Kansas
(Apr¢—0-93’ MB,Y—O.96, June-o.gs’ July_ocgh, A.uga"oogsg Sept’.-oi'g;_) '
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Table 76.~Net evaporation rate at Swanson Lake f/

(Inches)

Year Jan. Feb, Mar, Apr. May June July Aug. Sept., Oct. Nov, Dec. Total
1929 1,05 0,65 2.35 3.21 =0.71 3.76 7.15 6.96 2.63 3.33 1.57 1.45 33,40
1930 0.25 0.94 1.73 0,27 0,57 L.06  3.61 L.60 2,12 0,33 0,82 0,92 20,22
1931 1.25 0.38 -0.81 2,36 L.29 L.77 7.79  3.85 6.7L L.33 1.59 1,13 37,64
1932 0.65 0.90 2,20 2,75 3.hi 2.24 6.52 7.66 5.23 L.31 2.85 1,30 40,05
1933 1.22 1,10 0.87 3.61 2.49 8.08 5.73 =1,00 2.03 L.95 2.55 1.35 32,98
1934 1.05 -0,16 2.33 L4.28 7.70 5.21 10.87 7.50 3.53 L.39 0,85 0,70 L8.25
1935 1.05 1.02 1.94h L.60 =3.53 2.57 10,02 6.L3 3.33 4L.51 1,60 1.22 3L.76
1936 0.72 1.18 1.8y 3.k2 1.55 7.L5 8,77 B8.25 L.90 L.85 2.85 1:X3 46,91
1937 0.61 128 1.2 LK1 L.B3 1.62 TeL7 6489 L.93 3.76 2.77 1.15 40,63
1938 1,01 1,26 0,51 1,85 =3,02 L4.80 L.39 6,14 k.15 L.93 2.81 1,32 30.15
1939 0.75 0.97 0.59 2.53 5.47 5.9 9.80 6,12 757 L.92 2,85 0.61 L7.37
1940 0.3k 1,21 -0,57 3.98 L.54 7.81 6.97 5.57  3.22 L3  2.,k0 0,32 k0,22
19 0.16 1,11 1,64 0,43 2.78  1.16 2,25 5,35 0.42 3.79 2,65 ~0,05 21,69
1942 0.93 0,53 1,58 =2,14 3.77 =0.32 7.54  5.23 0,07 L.3L 2,31 1,06 24.90
1943 0.99 1.31 1.6L4 3.24h 3,30 5.34 7.57 5.81 6,02 L.35 2,60 1,28 L3.45
9Lk -0.72 Okl 0.69 -5.38 3.55 L.B0 0.60 5.66 5.30 L3  1.83 1,12 22,29
1945 0.TL 1.1 2,09 0,89 1.9 1.99 L.8L 2.94 3.13 L.66 2,65 1.12 28,10
19L6 1.13 1.27 0,66 5,26 1.07 3.68 L.16 6,26 3.59 <l.,11 0,6L 1.35 27.96
1947 0,99 1,05 1.94 0466 1,79 ~2,78 2.28 B8.29 5.41 i 1,63 0,52 25,92
Total

Avg, 0,74 0.92 1.29 2,10 2.k1  3.76 6.23 5.71 3.91 3.88 2.10 1,00 34,05

_a_/ Evaporation at Colby, Kansas for summer months corrected to free water surface less rainfall

recorded at Culbertson; winter months based upon A. F. Meyers' evaporation study,
Negative values indicate the amount that precipitation exceeded gross evanoration,
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Meeler-Driftwood Unit

To facilitate computations necessary to determine the water lost
by evaporation at different reservoir capacities in the monthly reser-
voir operations study, a series of curves, one for each inch of evapor-
ation, were drawn by plotting reservoir content in 1,000 acre-feet as
ordinate and evaporation loss in 1,000 acre-feet as abscissas. By
entering the curve with the average reserveoir content to the monthly
evaporation rate in inches, the corresponding evaporation loss for ay
month was indicated. The reservoir's evaporation curves for Swanson
Lake are shown in exhiblt 23,

SaeEage

Seepage losses from the reservoir were estimated to range from O
to 3 second-feet based on geologic and construction data. For the opera-
tion study, a constant seepage rate of 3 second-feet was used, This is
equal to approximately 200 acre-feet per month,

Water Utilization

An operation study showing the water delivery on a monthly basis has
been made to determine the adequacy of the water supply available to the
unit for development. The study was based upon water supply and climatic
conditions existing during the period 1929 through 1947. The 1O-year
period 1931 through 1940 is considered to be the most eritiecal period of
water supply that has been experienced since records were first estabe
lished.

Reservoir operations

The operation study is based upon conditions expected to exist in
Swanson Lake after 50 years of use. It is estimated that the storage
capacity at this time will be decreased 6l,000 acre-feet due to accumu-
lation of sediment in the reservoir. The amount of water available for
development of irrigation was determined after making depletions for all
developments that will occur due to upstream development,

Table 77 is the operation study for the Meeker-Driftwood Unit, This
ig a relatively simple study because all rele ases for irrigation of the
unit will be made at Trenton Dam, The following operation criteria were
used in making the operation study:

l. Method of meeting irrigation demmds.

a, All irrigation demandswere met by releases from
Swanson Lake at the dam site.

2. Requirements for other than irrigation demands.
a, No releases were made from Swanson Iake to aupﬁly

negative sectional gains., It was assumed that
negative sectional gains which occurred historically

1y
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3.

l-\l-

Meeker-Driftwood Unit

between Trenton Dam and Bartley would be met by return
flows from the Meeksr-Driftwood Unit and from the flow
of Frenchman Creek. It was agsumed that my negative
accretions not supplied in this manner would occur
below Red Willow Creek, and releases were made in the
operation study of the Red Willow Unit to satisfy this
demand ,

b. Evaporation losses were determined in accordance with
the average reservoir content determined from Column 9
of the operation study, and the net monthly evaporation
rate, table 76.

C. Seepage was estimated to be 200 acre-feet per month,

Reservoir content

a. The reservoir irrigation storage capacity is 58,800
acre-feet and any water available for storage after’
this content was reached was spilled,.

b. Releases could be made from the reservoir so that
the entire 58,800 acre-feet could be released because
there would be no dead storage pool at the end of 50
years of operation,

Integration of operation with other units.

a, No releases from upstream reservoirs were made to
help satisfy demands in this unit,

b. No releases were made to help meet demands of other
units downstream,

A column by enlumn explanation of the operation study, table 77,

follows:

1.

2.

3.

L.

Years, The years through which the operation study was
made, 1929 through 1947, are listed in this column,

Months. The months for each year are listed in this
column,

Depleted inflow into the reservoir, This column is the
inflow determined in table 62,

Evaporation rate in inches. This column is the net
evaporation rate for the reservoir area as determined
in table 76,
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Meeker-Driftwood Unit

5. Evaporation loss. This column was determined by enter-
ing the evaporation chart, exhibit 23, with the average
reservoir content, determined from Golumn 9, and reading
the indicated loss,

6. Seepage. Seepage is estimated to be 3 second-feet of
200 acre-feet per month,

7. Diversion requirements, This column lists the total
diversion requirements of the unit that were determined
in table 73.

8. Change in reservoir content. This is obtalned by sub-
tracting the evaporation, seepage and diverslons,
colums 5, 6, and 7 from the reservoir inflow, column 3.

9, Reservoir content at the end of the month, This column
is determined by adding algebraically the change in
content, column 8, from the content at the end of the
previous month,

10, Shows such spill as may be necessary to avoid showing a
content at the end of any month, column 9, greater than
the capacity of the irrigation pool or greater than
58,800 acre-feet,

11. Shows such shortages as may be necessary to avoid showing
a content at the end of any month, column 9, less than
zero acre-feet,

Table 78 1s a summary of the operation study table 77. This table
shows that the reservoir would spill considerable water in every year of
the operation study except 1937 and 19L0, when the reservoir would not
have filled, and 1932 when only 3,000 acre-feet would have spilled. The
study indicates thers would have been no shortages during the period of
study., The full diversion requirement for the unit could have been
furnished every year of the study,

Exhibit 2l, Reservoir operation chart, gives a graphic representa=
tion by months and years of the reservoir inflow, irrigation demands, and
reservoir spills for each month, and the reservoir content at the end of
each month for the period of study.

Releases £g£ Public Health Service

Useful desirable minimum flows necessary’ to meet public health
requirements as recommended by the Public Health Service 1/ are l second-
feet at Culbertson, 50 second-feet at McCook, and 10 second-feet at

; . iy L - !
- Pon it w v ATER L AT
H . . L o= ow TL AP L

}/ Kansas River Basin Water Polluiion Investigation - federal
Security Agency, Public Health Service, June 1949,
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Table 78.--Summary of Reservoir Operations - Swanson Lake

(1000 acre-feet)
Depleted Res. Losaes Diversion Res. Content

Year Inflow Evap Seepage Requirement End of Year Spills Shortage

1928 el - - - 5&-8 - e
1929 37.7 B.3 2.4 30,2 h7.6 58.0 0
1930 108,1 5.8 2.l 13.8 58.8 71.9 0
1931 6l.9 9.4 2,4 26.8 39.h L5.7 0
1932 L3.9 @ 9.8 2.4 32.7 35.4 3.0 0
1933 157.2 9.0 2.4 33.5 58.8 88.9 0
193 L2.7 9.6 2.4 L8.L 761 3k4.0 0
1935  L86.1 8.8 2.4 29.5 58.8 393.7 0
1936 102.2 11.1 2,4 L7.6 22,9 77.0 0
1937  65.4 9.5 2.4 L0.6 35.8 0 0
1938 99,6 8.5 24k 33.7 58.8 32,0 0
1939 78,1 11,6 2.4 L7.3 2Le5 Sl.1 0
19L0 STeL Bk 2.4 h2.0 29,1 0 o]
19h1 151105 6-0 2.'4 17|h 58-5 9900 0
1942 16546 6.9 2.4 20,8 58,8 135.5 0
1943 L2.3 9.3 2.4 L7.8 11.3 30,3 0
19k 120.9 5.8 2.4 22.3 38,2 63.5 0
1945 6943 7.5 24l 25.5 39,9 32,2 0
1846  121.3 7.7 2.k 28,2 58.8 6liel 0
1947 112.2 Geli 1.8 19,1 38,2 106.5 0
Aw 111]..5 333 241{ 32-0 'the 73-0 0
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sieeker=Driftood Unit

Indianola, The minimum flow reguirement for Trenton is not listed.
It has been shown in the discussion of the Frenchman Unit that the
recommended minimum flow of Frenchman Creek at Culbertson will be
met,

The combined tlow of Frenchman creek and the Republican River
after devslopment plus the return flows from the Frenchman and Meeker-
priftwood Units, table 82, will be available at McCook to meet public
health requirements. The minimum 50 second-foot flow at McCook is
equal to 3,000 acre-feet per month and table 82 shows this flow would
be met throughout the period of study except in September 130 and
August 1947, Because the Public Health Service shows no flow is
required to prevent damage at McCook, and because the minimum monthly
flow under future conditions is estimated to be greater in months of
minimum f£low than occurred in those months historically, it is not
considered necessary to make reservoir releases to meet public health
requirements at lMcCook.

A1l flows at McCock are considered to be available at Indianola;
therefore there should not be any diffieulty in meeting the 10 second
fool public health requirement at Indianola.

Estimated flow passing unit

The estimated flow below Trenton Dam after development is listed
in table 79, This flow will result from seepage and spills from the
dam, The estimated flow of the Republican River at Culbertson, plus
the raturn lows from the Meeker-Driftwood Unit, table 81, is made up
of the return flows from the Meeker-Driftwood Unit, table 6L, plus the
flow below the dam, table 79, plus the historical gain in flow of the
Republican River between Trenton Dam and Culbertson, talle B0, This
flow plus the flow of Frenchman Creek at Culbertson after development,
table LS, is the flow that will be available at McCook to meet publie
health requirements, table 62,

It is planmned to build Bartley Diversion Dam on the Republican
River one and one=half miles below Indianola, as a part of the develop-
ment of the Red "illow Unit. It will be the first point on the Hepubli-
can River below the Meeker-Driftwood Unit where future diversions are
planned, Water available for diversion at this point will consist ef
the flows as computed in table 02 plus the sectional accretions between
Culbertson and Bartley Diversion Dam as computed in the discuasion of
the Red Willow Unit,
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Table 79.—Estimated flow of Republican River below Swenson Lake after development a/

(Unit-1000 acre~feet)

Year Jang Febo Mar, Apr, May June July hup. Septe Oct.  Nove Deca Totz
1929 9.1 6-8 1913? 9.8 12.8 100 002 0.2 0.2 0.2 0-2 0.2 60.,4
1930 Ne? 7.8 10,5 8.tk 17.2 9.1 0.2 042 042 042 S 14,7 7k,

1931 Ye9 1l .3 12,2 9,7 0.2 0.6 0,2 02 002 0.2 0.2 0.2 LB.1
1932 0.2 042 0.2 0.1 0.2 3.0 Ne2 0.2 0,2 0s2 042 0.2 oLl
1933 0.2 0.2 2.1 0.2 2.7 0.2 Do2  36s5 3046 0.2 Sl 12,8 91,3
1934 11.8 12,6  10.2 0.2 0.2 0.2 0.2 0.2 0¢2 0.2 0.2 Du2 364
1935 0.2 0.2 0.2 0.2 193.1 197.2 0.7 0.2 0.2 0.2 D2 32 396,1
1936 6.6 0.0 12,9 2.2 L3.7 3a8 0.2 Ne2 0.2 0e2 02 Oe2 9L
1937 0u2 0.2 0.2 0.2 0.2 0,2 0.2 0.2 0.2 0.2 0,2 0e2 2.4
1938 0.2 (.2 De?2 02 2345 3.6 0.2 Ou2 27 0e2 02 3.0 3.k
1939 11.0 3eb 2045 S.4 0.2 11.8 042 0s2 0,2 0.2 0.2 0s2 5345
1940 0.2 0o2 0.2 0e2 0.2 0.2 0.2 0.2 D2 0.2 0e2 0.2 2.4
1941 002 0.2 0.2 11.3 3.0 oy  16e3 1.7 Sel Sed | - H 9.1 1014k
1942 6e7 15,0 U7.2 1he2 8.6 18.7 002 De2 0a2 02 Be7 20,0 137.9
1943 Jel 12 73 02 D2 De2 042 Oe2 0e2 0e2  0¢2 0s2 32,7
19kk a2 0a2 0.2 17.8 15.2 3.3 28.0 042 042 0.2 De2 Da2 6549
1945 042 1.7 Sel 8.3 3.0 1L.8 0.2 Ds2 0a2 0:2° Da2 0.2 3Le6
1946 0.2 (o2 10.6 02 | 1) O.lt 32,9 042 0.2 0s2 9e3 8.1 6645
1947 7-7 1L0 20.1 18.0 19,5 26.8 1.8 De?2 0e2 o = —  108,3
Average 3.9 £a2 9.5 5.6 18.3 177 L3 2.2 2.2 0.5 202 Lol 757

a/ Sum of Spills plus seepage
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Table 80.—distorical gain inflow of Republican River between Trenton Dam and Culbertson, Nebre

(Unit=1000 acre-feet)

Year dJdan, Feb., Mar. Apr. Ma June  J AuZ. Septs Oct. Nov. Dzc. Total
19?9 0-3 0.2 0.8 0.6 Onﬁ 003 0 001 0-2 063 o-h Ooh hlz
1o 0.3 0L 0.4 O 0.6 0.5 0.1 Ou 03 Oulk 03 05 Leb
1931 0.k 0.5 o4 0,4 0.2 0.2 0 0.1 0 Del 0.3 Ouls 3.0
1932 0.k 0.3 0.3 0.3 0.3 0.k 0.2° 03 0 042 0.3 0.3 - 33
1933 o.hk, 0.3 0.k 0.3 0.5 0.1 0.1 23 33 03 03 0k Tel
193 0.k 0.4 0.k 0,3 0,1 0.3 0 0 0 0 0.2 Ol 2.5
1935 Ok 0. 0.5 0.3 86 722 0.8 05 0a3 0.1 0.2 Ouk 1947
1936 0.3 0.l 0.5 0.5 1.6 0.7 0 0.1 ) 0,1 0.2 0«3 L7
1937 0.2 0.3 0.5 Oui 0.7 0.8 01 042 Da3 N2 02 0.2 k40
1938 °-3 Uoh ogh Oah 1-1 Oo? 0.6 Ooh 0-8 0.1 052 OIB 5.?
1939 0.l 0.1 0.7 0.4 0.1 1.0 0.2 Da2 0 0 0.1 0.2 3.4
1940 0.2 0.7 0.6 0.3 0.1 0.2 0. Q Dol Oel Osly 0.5 35
1941 0.¢ 0.3 Oali N.8 0.3 s Ty 0.8 0e3 0.1 Oely 0.3 Ta5
19L2 043 0.5 1,7 D5 Vb a:8 "0 0.6 0.6 D4 Ol 0% Tel
1913 Oe3 0.5° 0.3 0.3 0.3 0.3 0 0 0 0 0.1 0sl 2.2
19LL 0,€ 0.6 0.6 1.k 0.7 0.3 1.2 0. 0 0.1 02 0.l 62
195 0,5 0.5 0.3 0.k 0.3 0.8 0.2 0.2 0.1 Oe2 0.2 0,1 3,8
1946 0.3 0.4 0.5 0,2 0.6 0.3 157’ D ) 0,5 0.6 05 Seb
WUT 2.8 2.6 1.6 =3.6 0 -3, 3.4 0. 0 - - - 3.8
Avge 0.5 0.5 0.6 0.2 0.9 0,7 0,5 - Ouk Ds2  D¢2  0a3 ~ Oul Selt
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Table 81l.,—Fstimasted flow of Republican River at Culbertson after upstream develcpment plus return flows

from Neeker-Driftwood Dnit

(unit=1000 acre-feet)

Year Jan. Feb. Mar. ADT. May _ June  July  Auge Septe  OcChe Nove Decs  Total
1929 170 7+5 21.0 10.9 139 1.9 0.9 1.1 1.3 1.4 143 § = 72.4
1930 1.0 EaT 11.h4 8.2 18.0 9.8 0.5 0.8 0.8 0.8 6.1 15.4 82.2
1931 10.5 14.9 12.7 10.5 0.9 1.3 0.8 3 Uy 1.0 1.1 1,1 1.1 5740
1932 1.1 C-9 0-9 102 ldl b.l 1.2 l-s 102 llh 1-3 liz 1701
1933 1.2 1.0 3.0 1.1 3.9 1.1 1.1 Lo.2 33.0 1.5 666  1hiO 10747
193L 12.9 13.6 11.2 1.3 1.2 1.5 1.k 1.6 1.8 146 1.6 16  51.3
1935 1.5 1.k 1.5 1.1 202.3 205.1 2.3 17 1.8 1.3 1.2 Leb L1256
1936 745 10.0 1L.0 3,5  L63 5u6 1.5 1e9 1.9 1.9 1.7 1.6 974
1937 1.l 1.3 1.5 1.2 2T 1.9 1.3 1,5 1.8 1.6 1.4 13y 179
1938 1.3 1.3 1.2 1.1 25.2 5.0 1.6 1.6 L6 1.3 1.2 LeO L9k
1939 1240 Lel 21.7 646 1,2 13.8 1.6 1.8 1.8 1.6 1.5 1.5 6942
1940 1.3 1.7 1.6 1u) 1.1 1.3 1.2 1.k 149 1,5 16 16 173
1941 1.6 1.2 1.2 12.L Jab Lh2.L 17.8 3.0 5.9 6.7 8.9 9«7 1ikek
1942 Te3 13.8 9.2 15,0 945 20,0 Tab 1.k 1,5 1.2 9.6  21.2 15045
1943 10.1 15.1 8.0 1.3 1.5 1.6 1.1 L 1.8 % 1.5 1.4 L7.1
19L)L 1.8 1.6 1.6 19.5 16.3 4.0 29.7 0.9 0e9 0.9 09 1,0 79«1
1945 1. 2.5 6.0 9.1 3.7 16.1 1.0 1.1 ) M4 1.1 1,0 0.8 Lheb
1946 1.0 1.0 1i-5 .8 Gel 1.3 35.3 1.0 Tad. 1.5 1046 92 79k
1947 11.0 17.1 22,2 1.7 19,9, ‘a2 5.7 0s9 0.9 - - - 116.6
&Vg. 5.0 6.2 10.6 6-].] 19- B 19 I1 5-6 305 3.5 1.2 303 5.1 B9IB
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Table B2.-——~Combined Flows of Frenchman Creek and Republican River and return flows from Frenchman
and ieeker-Driftwoed Units after all upstream development

(Unit = 1,000 acre=feest)

Year Jan, Teb, iar. 4pr, Mzy June July Aug, Sept. Jets Nove Dec, Total
1929 18,6 17.2 33.3 16.2 26.2 bh L0 300 3.8 6,2 6,5 8,2 1493
1930 . 1l 17.3 16.4 31.7 18.3 5.5 3.1 1.3 92 26,5 24,8 166.7
1931 19-5 23-5 21-? 19-1 9.2 6.7 3-1 h-l 3!3 309 5.8 6.2 12601
1932 5.9 5.6 10.9 9,2 .0 114 363 Lis0 2.8 3,7 5.9 5.3 77.0
1933 Yol 7.5 11,9 L9 7.1 2.8 2.8 3.4 Lo.s L. 12,2 2h.8 169.L
193h 21‘-9 21‘.6 22n2 hol b-g u.? 3.8 3.9 5.0 hlh 5&? ?Oh 11586
1935 8.0 6.7 8.0 3,6 234.2 228,5 5.1 3.8 L.k L0 5.k 9,7 521,L
1936 12.7 20,1 25.8 6.4 5B.,S 8.6 3.5 3,9 L.2 b0, 51 7.1 1599
1937 L.9 6.0 6.6 3,9 3.8 8.1 3.5 3.4 3.9 3.9 5.7 6.b 60.1
1938 6.9 6.l 6.1 3.7 35.8 2.3 L.2 3.8 7.5 3.5 c,l B.,5 100.8
1939 17.5 8.8 31.8 2.8 3.7 16.8 L2 3.9 k0 L0 5.3 5,0 1148
1340 L:.8 7.8 8.8 L.2 k.0 13100 4.0 4.2 5.0 L9 6.7 10.3 4.7
1511 8.k T<5 8,0 23,6 13.3 543 20,2 4.6 8.8 11,5 1l 39,2 193,5
1942 16k 2h.0 61,7 27.9 2h.1  3L.4 3.6 3.8 5.1 Lholi  2h.5 26,7 2L9.6
1943 19,2 25,1 18.9 L.3 b0  hs%® 3T L6 ' Y.2 LS 6,2 6,5 105.7
154, 6.5 7.8 8.7 30.1 29.1 15.3 35.0 3.0 3.0 3.5 6.1 6,0 184,2
1545 5.8 8.3 15.4 15.6 10.B 24.5 3.6 3.6 3.9 L.0 61 8.9 110.6
1946 11.1 10.4 22,0 3.5 10.3 6,2 38,2 i FL- MY v SR b e s . % A L T 1y
1947 21,2 27.0 33.1 24.8 30.8 3B/.L 13.9 2.7 3.0 = & -  194.9
ﬁvg. 22.8 13.6 19»6 12.2 232.0 2603 8-7 5-? 613 5.3 Bnh 11.7 15903
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Meeker-Driftwood Unit

Requirements for fish and wildlife

No water releases from the reservoirs for requirements of fish
have been made in this study, In the past the Republican River has
dried up during extremely dry seasons, Seepage from the dams and
return flows from irrigated lands are expected to establish a live
stream at all times, It is anticipated that the minimum [low
requirements for puvlic hsalth will be sufficient for fish habitat
requiremer ts.

Summary

Reselvolr oprration studies for the period 1929-1947 in this
Appendix indicate that the water supply would have been adequate to
irrigate 16,400 acres in the Meeker-Driftwood Unit by use of Swanson
Lake, Spills would have occurred every year except 1937 and 1940,
There would have been no shortages,
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CHAFTER IV
RED WILLOW UNIT

General Plan for Development

The Red Willow Unit, comprising 11,990 acres of irrigable lands,
is outlined in exhibit 2, This unit lies along Red Willow Creek and
the section of the Republican River between the confluence of Red
Willow Creek and Cambridge Diversion Dam east of Cambridge, Nebraska.
Irrigation development will be accomplished by using water stored
during winter and epring behind Red Willow Dam and by using the summer
flow available from the Red Willow Creek and the Republican River. It
is planned that the Corps of Engineers will construct the Red Willow Dam-

The plan for delivery of irrigation water to this area calls for
construction of 2 diversion dams. The Red Willow Creek Diversion Dam
would be constructed on Red Willow Creek at a point approximately 5
miles above the confluence of the creek and the Republican Rivers
Bartley Diversion Dam would be constructed on the Republican River
approximately 1% miles east of Indianola. The Red Willow Creek
Diversion Dam will divert water into the McCook Canal which will serve
a small area on the west side of Red Willow Creek and also divert water
into the Red Willow Canal which will serve the area east of the creek
and north of the Republican River as far east as Cambridge. Bartley
Diversion Dam would divert water into Rartley Canal which will serve
the area on the south side of the Republican River.

Table B3s Capacity and length of canals in the Red Willow Unit

T 777 Initial capacity Length
Name cfs miles
MeCook Canal 14 53
Red Willow Ganal 100 21.7
Bartley Canal 130 19.8

Reservoir capacity

water supply studies presented in this Appendix were based upon
an active irrigation storage capacity in Red Willow Reservoir of
18,000 acre~feet. This is the gize of the irrigation pool at the end
of 50 years of operation when 8,800 acre-feet of sediment would be
accumulated. Table 8l lists the distribution of the storage capacity
in the reservoir for initial 50-year and 100-year conditions that '
would result from the accumulation of sediment.

Areas served

There are 11,990 acres in the Red Willow Unit which would be
served water under this plan of development. There are 823 acres
which are presently irrigated from wellse There are an additional
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Table Bl.—Red Willow Reservoir Storage Capacities

EO~year 100=year
 conditions conditions
Tnitial (B,800 ac~-ft (17,000 zc-ft
Elevs conditions Sediment) Sediment)
Storage Distribution Tt. acre~-feet acre-fest acre~feet

Accumulative Allocated
Dead storage 300
Canal outlst : 300

Active irrigation
storage 26,200
Irrigation storage

pool top 2,5LL.5 26,500

Flood control stor-
age 22,000

Top of flood control

pool 2,559.0

Total capacity

48,500
48,500

Accumulative Allocated

0

0
18,000

18,000
22,000

10,000
40,000

Aecumulative Allocated

0
)
9,500
9,500
22,000
31,500
31,500
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Red Willow Unit

2,101 acres which are or can be irrigated from existing wells which
have not been included in the area to be gerved because they have
petitioned to be excluded from the Frenchman-Cambridge Irrigation
Districts The irrigable area to be served in the Red Willow Unit

has been determined from land classification surveys. The acreages
under the McCook Canal and under the upper portion of the Red Willow
Ganal were deternined by a reconnaissance survey. Acreages to be
served by the lower portion of the Red Willow Canal and by the Bartley
canal were determined from detailed land classification maps.

Table 85, Acreages to be served by canals in the Red Willow Unit

Acrea presently

Name irrigated _New lands Total
Ml UK Tanal : 600 B00

.3 Jil ew Canal h;au 2,972 l;,ggg
Bartley Canal 39
Total firsi oy B 5

Water Resources

Water stored in Red Willow Reservoir would be the main aowrce
of water for development of irrigation in this unit under this
proposed plan for development. No use of ground water is planned
to carry out this proposed development., The accretion in flow
of Red Willow Creek between the reservoir site and Red Willow Creek
Diversion Dam would be available for diversion at the Red Willow
Creek-Diversion Dam during the irrigation season. On the Republican
River the water passing Culbertson including return flows from the
development of the Meeker-Driftwood Unit and the Frenchman Unit
as indicated in table 82 would be available for diversion at the
proposed Bartley Diversion Dam during the irrigation season. In
addition there will be divertable at the Bartley Diversion Dam
the historic acceretions in flows of the Republican River between
Culbertson and Bartley Diversion Dam plus the return flews from
2,610 acres in the Red Willow Unite

Available stream-flow records

The following historic records of flow were used in computing
the water available at the various points in the unlt or in extending
the flow records at stations where records were not available for the
complete period of study: Red Willow Creek north of HcCook at Red
Willow Dam Site, Red Willow Creek at the mouth, Medicine Creek at
the mouth, Frenchman Creek at the mouth, Republican River at
Culbertson and Republican River at Cambridge. The period of record
for these stations is shown graphically on exhibit 3. The period
of record, type of gage, average flow, and other pertinent data are
listed for these stations in table 1,

D
».
-

KS002385



Red Willow Unit
|

Stream-flow correlation and estimates
|

Historical records of stream flow at the Red Willew Dam Site,
table 86, are available for the period October 19L0 through May 1947.
The flowd for the period October 1928 through September 1931; October
1939 through September 1940; and for June 1947 through September 1947
are estiqated flows based upon a correlation with Red Willkow Creek
near Red Willow, exhibit 25. The historical flows of Red Willow
Creek near Red Willow are listed in table 87. Flows tor the perilod
October 1931 through September 1936 are estimates based upon a
correlation, exhibit 26, with the historical flow of Frenchman Creek
at Culbertson, table 7 Flows for the period October 1936 through
September 1939 are estimates based upon a correlation, exhibit 27,
with histiorical flows of ledicine Creek at Cambridge, table 123.

The runoff of Red @illow Creek near Red Willow (at the mouth), table
87, is based upon historical records except for the period October
1931 through September 1939, [lows for the period October 1931
through September 1936 are estimated flows based upon a correlation,
exhibit 28, estimated virgin flows of Frenchman Creek at Culbertson,
table 122, Flows for the period October 1936 through September 1939
are based upon a correlation, exhibit 29, with historie flows of
lledicine Creek at Cambridge, table 123,

Historical records of the flow of Frenchman Creek at Culbertson,
table 7, are available for the entire period of study, and historical
records of the Republican River at Cambridge, table 125, are availe-
able from 1942 with miseing perieds being filled in by correlation
with Republican River at Bloomington less flows of Sappa and Prairie
Dog Creeks. This correlation is described in the Cambridge Unit
discussion.

Ground water

Information supplied in the Nebraska Water Resgources Survey Water
Supply Paper 1, part III, indicates that the ground-water conditions
for the Red Willow Unit area are similar to those described for the
area of the Meeker-Driftwood Unit.

The water table in the valley of the Republican River is at -
a relatively shallow depth, ranging fram about L to 20 feet belew }H
the surface of the ground. Conditions in the valley are favorable
for direct recharge to the ground-water reservoir from stream flow;)/
however ground-water supplies in the areas north and south of the f&
Republican River Valley are not considered adequate for extensive :
irrigation pumping developments. )

A profile of a stream section of Red Willow Creek is shown In
exhibit 19« A profile of the Republican River at Bartley, Nebraska,
is shown in exhibit 30« There are a total of 81 existing ground-
water observation wells in the irrigable lands of the Red Willow
Unite In May and June of 1950, 59 of these wells were added by the
Geological Survey at the request of the Bureau of Reclamation, Right
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Lot

Table 86.—Historical runoff of Red Willow Creek North of licCook at Red Willow Dam Site a/

Discharge in 1,000 acre-featl

Jear _ Oct.  Nov. Dec.  Jan.  Feb., lar, Apw. Moy oLz July  Aug,  Sepb. Total
1929 1-0 1;1 1.2 0;9 0-6 1.6 1-6 1.9 2;’-‘ 1.0 0.': f‘.s lhlo
1930 0.6 0.9 1.0 1.1 1.3 1.4 1.9 2.6 1,6 1.9 1.l 0.9 16.6
1931 2-’.‘ 2.3 llh 1-9 1.6 109 llB lth 1—01 l!l l.g 0’5 19.3
1932 0.8 1.l 1.5 1.5 1.6 2.L 1.k 253 3.2 1,2 1.6 0.5 19,4
L933 00? 1-0 1-3 1-9 1-9 2.2 1-3 2.6 0..6 006 3.2 h.3 2-1.6
1934 1.1 1.0 2.1 2.0 1.8 1.8 1,2 0.8 3.7 1.0 0.7 1.8 19.0
193¢ 0.7 0,8 1.6 1.8 1,5 1.9 1.1 5.5 53 2.9 0.9 2:3 26,3
1936 0.8 1.2 1,5 1.6 1.7 2.0 1.3 3.6 2,7 Ou7 045 0.7 18,3
1937 0.8 0.9 0.8 0.6 0.9 ;2 0.9 0.9 2.1 1.L 1.6 0.9 13,4
1938 0.8 0.9 0.9 0.9 0.9 1.2 3,2 2.3 1,3 2.6 0.8 0.B 1L.6
1939 0.6 0.7 0.7 0.8 0.7 1.2 1,6 0.9 3.1 1.1 0.9 Ol 12.7
1940 0.6 0.8 0.8 0.7 0.9 1.6 1,6 y 0 3.3 1.0 0.8 1.0 .2
1941 0.8 1.0 1.3 1.6 1.L 1.5 1.7 2.2 7.5 2.6 0.8 3.5 25,9
1942 2.7 1.h 1.3 1.k 1,5 3.2 L7 2.7 5.0 1.2 1.0 L.l 29.2
1943 1.2 1.3 1.6 1.k 1L 1.6 1.7 1.3 1.5 0.5 0.5 0.k 1k.8
19LL 0.8 1.2 1.1 1.2 1.6 2.2 1% | 2.2 2.2 5.0 2.8 0.8 25.2
191‘5 O-B 1.2 1.5 lob 108 la6 1.6 2.’4 6.1— oba 1-5 2.1 23.1
19L6 1.2 1,2 1.1 0.9 3] 2.0 1.3 3.k 1.9 1.4 0.9 1.9 18.3
1947 5.3 1.8 1.5 1.7 1.6 1.8 - 1.5 10.2 2.0 0.8 0.7 30.8
m——————————-— e

Avg. B 1.2 13 ) 1.k 1.6 1.8 2.2 3 b 1.6 1,2 15 19.9

a/ October 1928 through September 1931; October 1939 through September 1540 and June through September 19L7
based on correlation with Red Willow Cresk near Red Willow, October 1931 through September 1936 based on
correlation with Frenchman Creek at Culbertson, October 1936 through September 1939 based on correlation
with Medicine Creek at Cambridge, Oc“ober 19U0 through May 1947 are records,
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Total

iiay June July  Aug, Sept,

Agr,

-Ilja_r-

Feb,

e

Dec.

Tov,

Oet.

Table B7.—Historical Run—off of Red Willow Creek near Bed Willew at Mouth, a/ Discharge in 1,000 acre-feet,

Year

Mo ~'0
. Y

1931
1932
1933
1934
1935

MO0
| I ] ‘.

1936
1537
1938
1939
1940
1941
1942
1943
19LL
1945
1946

1947

Ove B~
“ " v = 4
Nt =l

6?0}18
11111

praa=iit
el el

DR O
[ IS M B M

25.5
KS002388

1.7

1.6

2o1

L.2

a/ October 1928 through September 19313 Netober 1939 through September 1947 are records.

1,5 1.7 1.8 1.8 2,3

1.5

9.6
Ceteober 1932 through September 1936 based on a correlation with Frenchman Creek at Culbertson,

October 1936 through September 1939 based on a correlztion with Uedicine Creek at Cambridge.

1929-47 1.8
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Red Willow Unit

of the wells added to the observation program for the first time are
existing irrigation wells. The additional 51 new wells were drilled
with the jetting method. The Geological Survey will furnish depth
to water and ground-water contour maps by December 1, 1950 as
requested by the Bureau of Reclamation.

Quality of water

No chemical analysis of the mineral constituents of Red Willow
Creek water has been made to date for determining the quality of
the water in Red Willow Creek for irrigation. Requests have been
made to the (eological Survey that such analysis be made, The
geological formation of the area drained by Red Willow Creek is
practically identical to the area drained by Medicine Creek, and the
analysis of the water is expected to show it to have the same qualitys
Analyess of tne Medieine Creek water presented in the discussion
of the Cambridge Unit, show it to be of excellent quality for irrigation.

Analyses ef the mineral constituents of the water of Frenchman
Creak ab Culberison and of the Republican River at Trenton and
Cambridge indicate the water at these points is of satisfactory quality
for irrigation. Because the quality of water above and below Bartley
is satisfactory for irrigation the water at Bartley is also considered
tobe satipfactory, 1In the future rzturn flows from irrigation develop-
ment above this point could cause some deterioration to the quality of
the Republican River water divertable at Partley, Since return flows
represent only a small portion of the total water divertalle at Bartlay
it is not expected that deterioration in water quality due to return
flows will be excessivea.

It is not anticipated that any of the communities in the Red
Willow Unit will wish to use surface water for domestic use. For
this reason no analysis of the extent of pollution of surface waters
is included in this report. The Public Health Service has made a
detailed study of the pollution of streams in the Kansas River Rasin
and have recommended minimum flews necessary for public health. These
flow requirements are shown in a seperate section of this Appendix.

Water Rights

Provisional grants by the state for the use of water for irriga-
tion by private appropriators from Red Willow Creek and frem the
Republican River in the Red Willow Unit have been listed in the
following tables. Table 88 lists the provisional granus totaling
L.60 second-feet made above the proposed Red Willcw Raservoirs Table 89
liets a provisional grant for 0.76 second=-feet made on fied Willow Creek
batween fed Willow Reservoir and Red {illow Craek Divorsinn Jams Table.
PO Listr provisional grants totaling 11.13 second-foot made between Red .
Willow Crack Diversion Dam and Cambeidaeo, Nebrasha. Oearbe iisted in
thege tablea are as published in the Biusnial Reports nf the Nebraska
Department of Roads and Irrigations

175
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Table 88,—Active Provisional Grants above Red Willow Reservoir

Doc, cor Di:‘e Location Provisional Grant
Carrier Applic., No, Priority S T R Use Acres C. F. S.

Elmer Fitzgerald 2447 7/27/34 21 8 32 TIrrigation . D.57
William Bortner a/ 2938 7/21/35 28 5 30 Irrigation - 0.57
Charles Walker 3037 12/6/39 9 6 31 TIrrigation - 0.81
A. P. McKillip 3111 3/9/l6 22 6 31 Irrization - 0.97
William Bortner a/ 311 3/12/l0 21 5 30 TIrrigation @ = 0.18
Howard W. Hill 3124 3/28/l0 27 6 31 TIrrigatien - 0.23
H. B. Little 3508 9/20/l1 2 5 31 Irrigation - 0.42
3609 b/30/43 2 S5 31 TIrrigation = 0.26
George Beebe 3631 8/16/L3 35 6 31 Irr'ig.ation ~ 0.59
Total L.60

a/ located in Red Willow Reservoir area.
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Table 89.—-Active Provisional Grants between Red WWillow Reservoir and Red Willow Creek Diversion Dam

Date
Doc. or of Location Provisional Grant
Carrier Applic. Noo Priority S T R Use Acres CafaSe
Merritt W. Quick 3082 1/22/4l0 31 5 29 Irrigation - 0. 76
Total 0.76
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Table 90.--Active Provisional Grants between Red Willow Creek Diversion Dam and Cambridge, Nebraska

Doc. or Dc;;e Location Provisional Crants
Carrier Applic, No. Priority S T R Tse ACTES Celos.
Alfred E. Lang 2698 2/16/37 1 3 27  Irrigation = 0.42
3L01 2/2b/l1 1 3 27  Irrigation - 0,67

Frenchman-Cambridge Irrig.

District 3869c¢ 1/22/l6 16 3 28 Irrigation = -

3869d 1/22/l6 16 3 28 Irrigation = -
Lowell Ruggles 1964 10/22/27 1% 3 28  Irrigation - 8.L3
Deines, Frantz 1042 12/ 5/10 8 3 28 Irrigation - 0.93
Deines, Frantz C., et. al 3623 7/12/4L3 8 3 28 Irrigation = 0.LB
Total 11.13
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Red Willow Unit

Most of the water rights listed in tables 88, 89, and 90 were
granted during the period of study, therefore, depletions were made
in the water supply studies for these rights. An exception to this
is the 0476 second-foot water right below Red Willow Dam which was
considered reflected in historical records. Diversions made histori-
cally under these rights were not added to the historical flows be-
cause there were no historical records of them and they were considered
negligible. The lands irrigated by the water rights listed in table 88
are included ia the 500 acres for which depletions of the inflow to
the reservoir were made. The land irrigated by water rights listed in
table 90 are included in the 11,990 acres which were furnished a water
supply in this study. This was done because it is expecied the owners
of water rights below Red Willow Creek Diversion Dam in the Red Willow
Init will choose to receive water fram the district rather than to
exercise their water rights. In the past there has not always been
water in the river during the entire season for irrigation. These
lands were included in the Frenchman=Cambridge Irrigation District
at the time the district was formed and they did not petition to be
excluded from the district.

Anticipated Water Use by Future Private Development

It can be anticipated that water supply available for the Red
Willow Unit could be depleted slightly by development of irrigation
in the area above Red Willow Reservoir and by the development of
farm ponds throughout the water shed.

Water use by development of private irrigation und ponds

A reconnaissance soil survey of the area above the reservoir
site shows there is a possibility for the development of irrigation
of not more than 500 acres (including the areas for which the water
rights have been listed in table 88.) This development could be
accomplished by pumping from the creek or by development of irpri-
gation wells. Table 91 lists the depletions that could be caused
by private development. of irrigation and ponds above Red Willow
Reservoir table 111. Consumptive use requirements of irrigation
water in the Red Willow Unit was used as the basis for determining
these depletions by irrigation. Pond depletions were estimated to
be 100 acre-feet per year. These depletions were treated as if
they would all be diversions from the streams because this assump-
tion would impose the most severe conditions on the available
stream flows,

Municipal and industrial requirements

No allowance was made for increased use of water for municipal
and industrial development because all municipal water supplies
in this area are pumped from ground water and any increase in the
use of water by the towns of the area is not considered to materially
effect the water supply of the division.

179
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Table 91.--Depleticns from Possible Future Private Development of Irrigation and Ponds Above
Red Willow Dam a/

1,000 acre-feet

Year Jan. Feb. Var, Apr. llay June July Aug. Sept. Oct. Nov. Dec. Total
1929 0 0 0 (o (6] 0.1 0.1 0.2 0.1 0 0 4] 0.5
1930 0 0 0 0 0 .d 0 P | g 0 0 0 .3
1931 0 0 0 0 0 ol A o¥ W1 “ 0 0 5
1937 (s} 0 0 (0] 0 b | .1 .2 o) X 0 0 .5
1933 0 0 0 0 0 .2 .2 D 5 ) o 0 0 5
193L 0 0 0 Fa .1 B 4 . 2 ol ol 0 0 .9
1935 0 0 0 oL 0 3 .2 ; ! 1 0 0 0 .6
1936 0 0 0 .1 0 2 2 .2 o 3 0 0 &9
1937 0 0 0 5 4 ] = | 2 .1 0 0 0 0 Db
1938 0 0 0 nl O 02 .l .l L] l 'l 0 0 t?
1939 0 0 0 0 X sl .2 ) .1 S | 0 0 .08
1940 0 0 0 A § 0 2 .2 o2 .1 0 0 0 8
1941 0 0 0 0 0 b | .1 3 0 0 0 0 i
1942 0 0 0 0 0 e % = 0 | 0 0 L
1943 0 0 (o} Q 5 1 42, 1 a3 b | .1 6] 0 7
19LL 0 0 0 0 0 | 0 0 v 4 i - 0 0 3
1945 0 0 0 0 0 - 4 3 ) i b & 5 ] 0 0 <5
1946 0 0 0 J1 0 2 .1 wh 0 0 0 0 S
1947 0 0 s} 0 0 0 &l 0 .2 ok 0 ) ol
Avg.s 0 0 0 ot 0 .1 3 o .1 b 0 v} b

3/ Includes irrigation requirements for 500 acres and 100 acre-fest per year for ponds
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Red Willow Unit

Project Water Sugglx

Water available for development of this unit will be the water
stored in Red Willow Reservoir, sectional accretions between the
reservoir and Red Willow Creek Diversion Dam, sectional accretions
on the Republican River between Culbertson and Bartley Diversion
Dams, return flows from the Frenchman and Meeker-Driftwood Units,
and return flows from 2,610 acres in the Red Willow Unit that are
above Bartley Diversion Dam.

Reservoir Inflow

Water available for storage in Red Willow Reservoir is the
historical runoff at the dam site, table 86, less the water required
for possible future private development above the dam listed in
table 91. This depleted inflow is listed in table 92.

Stream=flow sectional accretions

Table 93, the inflow of Red Willow Creek between Red Willow
Dam and the mouth of Red Willow Creek is obtained by subtracting
table 86, the historical runoff of Red Willow Creek north of McCook
at Red Willow Dam from table 87, the runoff of Red Willcw Creek
near its mouths

Bacause the drainage area between Hed Willow Creek Diversion
Dam and the mouth of the creek is small in comparison to the drainage
areg between the reservoir and the diversion dam, the total accretion,
table 93, of Red Willow Creek between Red Willow Dam and the mouth
of Red Willow Creek is estimated to be available for diversion at
Red Willow Creek Diversion Dams

Table 9L is the sum of the flows of Frenchman Creek at the
mouth, table 7, the Republican River at Culbertson, table 5L, Red
Willow at the mouth, table 87, and Medicine Creek at the mouth,
table 123, The flow of the Republican River at Cambridge, table
125, less the above table 9L, is the accretion in flow, table 95,
of the main stem of the Republican River between Culbertson and
Cambridge without the Red Willow and Medicine Creek flows. Eighty=
three and five tenths percent of this flow is the estimated histerical
accretion in flow of the Republican fiver table 96 between Culbertson
and Bartley Diversion Dam without the {low of Red Willow Creek. The
83.5 percent used above is based upon the proportion of the drainage
area above Bartley to the total between Culbertson and Cambridge
when the drainage areas of Red Willow and Medicine Creeks are deleted.
The remaining 16,5 percent of the accretion in flow of the Republican
River is the estimated historical accretion in flow, table 97, between
Bartley Diversion Dam and Cambridge, Nebraska,

The estimated historical flow of the Republican River at Bartley

Diversion Dam, table 99, was obtained by adding table 96, the
estimated historical accretion in flow of the Republican River between
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Table 92.—Depleted Inflow of Red Willow Creek at Red Willow Dam Site

1000 zecre-feet

Apr. May June July Aug. Sept. Oct. Nove. Dec. Total

Mar.

16.4
18.2
22.2
17.0
6.1
16.4
12.9
13.3
12,1
k.3

1.5
1.3
2,1
1.6
1.5
0.8
0.9
0.7
0.8
1.3

1.1
0.9
2.3

0.9
0.6
2.4

2.3

1.8
1.k
1.3
1.1
1.0

1.9
2.L
2.2
1.8
1.9

1.6
1.6
1.9
1.8
1.5

1.9 °
1.5
1.9
2.0
1.8

1932
1933
193k
1935

1931

1.8 1.5 22,9
- 21.9

543

1.7 1.3 0.8
1.9 0.8

10.2

3.l
1,5

0.9
1.5

19L6
1947

Total

1,1 1.4 1.1 1.2 1.3 19.3

1.5

1,8

1.L

3.3

1.7

Average 1.3
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Total

Sept.

&ug.

May June July

Apr.
0.5

1000 aczre-feet
Dec, Jan, Feb, Mar.

Nov.

Table 93.,-=Inflcw of Red Willow Creek between Red Willow Dam Site and the lMouth of Red Willow Creek
Oct.

Year

Sl
L.y
3.2
5.3
547

el ==

oedRy

-
-

Ly et

_Unum_omu

M- =T MmN
- . ® L
00004

N O T
L] - L] Ld

Sel
343
10.2

6-’4
946

79
L.2

2.7
0.6
0.1
0.2
1.3

0.L
0.k
0.9

0.9
1.6

0.5
0.l
0.5

1,3
0.k

27
1.6
0.4

0.7
2.7

0.7
0.7
0.2
1,0
1.5

O Onn Mmooy
*® s 8 = @
oo omO

0.3 043
D.h UI?
0.3 0.3
0.2 0.2
0.3 0.3

1.3
(V1
0.3
0.2
0.4

542
10.9

Ouls

0.2

0.3
0.3

0.3
L.3

19L6
1947

2

Total
hvg.

o.L 0.5 0.k 0.5 0.6 0.L 0.8 0.k 0.3 0.2 5.5
KS002403
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Table 9l,—-Sum of historical flows of Frenchman Creek at mouth, Republican River at Culbertson, Red Willow at
the mouth and Medicine Creek at mouth

(Unit - 1000 acre-feet)

Year Oct. Nov. Dec. Jan, Feb. Mar, Apr. May June July Aug. Sept. Total
1929 17.3 30.3 19.8 _ 21.3 19.6  39.5 35.6 35.0 2L.6 6.9 5.2 11,2  266,3
1930  16.5 26,3 26,1 26,0 25.2 27.7 28.5 35,9 341 21.0 25.7 16,1  309,1
1931 27.2 26,5 31,6 27.0 30.2 29.8 28,2 20.1 13,2 6.5 13.2 k.6  258.1
1932 12.7 24.0 5.6 27.L 25.L  30.5 26,3  17.8 27.9 13.6  20.2 5.6 257.0
1933 11.0 17.6 22,9 29.7 286.0 31.3 2L.7 27.5 8.0 7.8 97.3 62.3 368.1
193L 22.9 18,2 32,6  31.2 29,9 29.2 23.3 7.6 28.L 72 6.3 9oli 2L6,2
1935 8,0 1.9 27.7 30,1 25.9 31.9 22.3 301,4 253.0 39.7 21.5 20.1 793.5
193¢ 12.6 18.8 26,9 2L.8 27.0 33.k 31.1  65.6  3L.6 5.5 8.9 5,2  29L.L
1937 8.6 15.8 20.3  1L.8 22.8  30.7 21,6 26.1 L1.3 11.9 11.5 15.5 2L0.9
1938 11.3 16.0 19.5 22.k 23.k 25.4 2L.8 50.8 36.1 33.L 19.0 30.6 312.4
1939 7.7 12.6 18.5 2h.3 14,8 36.6 30.0 11.2 L7.9 13,6 11.1 2.9 231,2
1940 L.5 8.3 ik8 15,3 3k 3L.S 23.0 11.7 5h.2  15.3 9.2  20.7 2k5.6
1941 12.8 22.1 32,2 38.0 28,2 26 39.7 35.4 87.3 56.6 28.8 3045 438,0
19L2 27.L 2k.3 23.2 21.6 28.5 78.1 53,6 37.8 52.5 11,4 23,9  LO.B L23.1
1943 25.2 2k.9 37.2 24,7 301  24.6 21,9 16,4 25.3 7.0 5.2 5.0 2L7.5
19LY 6.7 13.6 15.7 30.L 33.5 36.6 74,0 L3.0 29.4 66,6 17.8 5.2 372.5
19L5 12,6 18,7 2L.6 29.h 29.5 2L.0 26.5 26.6 65.0 15,0 16.9 16,2 305.0
19L6 18.2 19.2 15.9 22,8 23 313 18,2 35.6 2L,2  6L.5 5.7 13.0 292,9
1947 61.2 3L.8 ar 26.7 32,6 L0.9 30.9 33,4k 116.5 35.2 6.5 6.7 L52.6
To

Avg. 17.1 20.2  2L.3 25.7 27.0 33.8 30,7 Lh.2 528 23,1 18.6 16,9  33h.4
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Table 95.--Historical accretion of Republican River betwesen Culbertson and Cambridge less Red Willow and

Medicine Creek flow a/

(Unit - 1000 acre-feet)

July  Aug.  Sept. Total

June

Oct. Nov. Dec, Jan, Feb., dar. Apr,

Year

Lo.g

2.2
"'5 05

1929
1930
1946
1947
Total

L. 28.3 [y 0.7 3.1 33.2

3.5

0.2

-,4 09 "S 1 8

~2.6

Average 1.8

5/ Excludes the flows of Mecdicine and Red Willow Creeks
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Totzl

Sept.

Aug.

July

June

May

Apr.

Dam, less Red Willow Creek flcw a/
(Unit — 1000 acre-feet)

freb.,

Jan,

-2.5

Dec.
-0.2

Nov.
-? 18
"'3 .h

Table 95.,-—Estimated historical aceretion in flow of Republican River between Culbertson and Bartley Diversion
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1942
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9Lk
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27.7

2.5
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0.6

6.5

2.9 3.4 23.6

0.2

ween Culbertson and Cambridge

2.
L

-

"h 08

=1

-0.2
342
-2 02

Estimated to be 83.5% of the gain b

Average 1.5

19L6
1947
Total
a/
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Tzble 97.—Increase in Historical Flow of Republican River betwsen Bartley Diversion and Cambridge

Diversion a/

(Unit -~ 1000 acre~feet)

Oct. Feb. Mar. Apr. Tot.al_
1929 O.h '—l-s -0-1 -0- ? "1-1 0-9 Oab 1.2 8.7 6.5 0.6 "'OC.? 1-'-1‘8
1930 -0.9 0.7 =DeS =141 -0.9 0 23 Lie5 649 0.1 =047 3l 11,9
1931 Sels 246 0,1 Da2 0.7 1.3 2.0 2.3 3.k 0s2 =240 ~0.l 1546
1932 —10? "'2-3 "‘2.6 -2.14 1.5 1.2 -0.1 003 ?01 0.2 ':] .3 105 3.0
1933 =1.0 -1.6 =0.6 =1,0 <1.L =045 3t 3.9 Dol ~0.1 =86 0.5 =643
1934 -0.9 =0.1 =0, =0.6 =1.0 =0.1 =0,1 ~Oel 3s2 =045 ~0e6 1.3 0.1
1935 -Ons -0.3 -2.2 “1.0 —0.5 “0-6 O.l -13.0 32.2 Obz h.z h‘? 22.8
1936 Dlh 0.3 -0'? -1-0 "2-2 Ouh -1.2 3.3 009 -Och —1.2 Oll -1‘3
1937 "'1-0 -0-7 '-006 -1.0 0.8 ““0.1 -Oih "1-1 0.9 2.5 2.6 0'2 2..1
1938 -0,8 -0.7 ~-1.0 D43 =042 0.7 1.1 0.1 Yot sl 23 1,0 be?
1939 -0,3 -0.6 0.5 =1.2 =0<1 ~0.6 0.l 26 2.7 2.0 1.L ~0a3 Se5
19110 -006 '-Ol 7 "‘0¢6 "'1.2 -3.3 D.h -0.1 O-B 0.5 '0 O‘h ""2-3 "6.?
1941 0.6 -1.8 ~2.9 2,8 0e2 0e7 =1.0 1.8 2.8 349 37 2.6 7.8
1942 0.5 0 -0.1 -0.3 0.2 =3.60 0«b 1.8 <0k O i =049 ~L.l =249
1943 0.1 0.3 =14k =l.1 0.2 1.1 1.0 045 0 0,2 =0,1 0 Dals
194k -0,5  =0.9 0.8 <=2.,4 <=0.8 =0,3 0.3 2.6 k.2 Se? 162 =0.1 TeT
1945 0 -0l 0.6 =07 0.2 042 N.9 0.6 6¢2 1.2 ~0s3 =04t 6.5
19L6 0 -0.1 -0.1 0.3 D.L4 0 0 0,5 0.7 0.9 0 0.2 2.8
19]4? 61? 1.0 0-2 -0-7 "1-0 —0.3 0-9 o.h 6!? 0! —'002 "0.5 13'7
ive. B3 . SOl 0.0 3.0 - “0.5 o 0.6 0. Te? 13 T T

_-'3'._/ Excluding flow of Medicine Crezk.
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Red Willow Unit

Culbertson and Partley Diversion Dam less the Red Willow Creek flow,
and table 98, the sum of the flows of Frenchman Creek at the mouth,
the Republican River at Culbertson, and Red Willow Creek at the mouths

The depleted flow of the Republican River available for use at
Bartley Diversion Dam is listed in table 104+ The flow available
for use at Bartley is the sum of table 82, the combined flows of
Frenchman Creek and the Republican River and return flows from the
Frenchman and lfeeker=Driftwood Units, and table 96, the estimated
historical accretions in flow between Culbertson and Bartley.

Tasle 105 is the same table with the negatives in the winter months
carried over to the next month, This is Lhe flow uged in the oper-
ation study. Winter negative flows were satisfied in this way and
negative flows occurring during the irrigation season were met by
reservoir releases,

Return flow

Return flows available for use in the Red Willow Unit consist
of the return fiows from the Frenchman and Meeker=Driftwood Units
and retirn flows from 2,610 acres irrigated by the iicCock and the
Red Willcw Canals above Bartley Diversion Dam. The return flows
fram the Frenchman and Meeker-Driftwood Units were computed in the
discussion of the Meeler-Driftwood Unit and are part of the flows
listed in table 82, the combined flews of Frenchman Creek and
Republican River and return flews from Frenchran and ifeeker-
Driftwood Units after all upatream developmentu: The return flows
frem the 2,610 acres irrigated in the Red Willow Unit and available
for use at Bartley Diversion Dam are listed in table 101,

There are L,960 acres to be irrigated by the McCook and Red
Willow Canals. The return flows from this area are listed in table
100 Return flows from the 2,350 acres served by Red Willow Canal
Lelow Bartley Diversion Dam, table 102, were considered available
for diversion at Cambridge Diversion Dam. Return flows from the
7,030 acres irrigated by the Bartley Canal, table 103, were also
congidered available at Cambridge Diversion Dana

Return flows from the Red Willow Unit were computed on the
basis that 75 percent of the canal and farm losses would return
to the stream and be available for reuse. The monthly distribution
of return flows used is the same as was used for the Frenclman Unit.

Water Requirements

Factors studied in determining the water required for irrigation
in the Red Willow Unit inelude: (1) The consumptive use of water by
crops, (2) total precipitation and the precipitation that can be used

by erops, (3) consumptive use requirements of irrigated crops, (4) farm

delivery requirements, (5) and diversion requirements.

158
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Table $8,——Sum of flows of Frenchman Creek at mouth, plus Republican River at Culbertson, plus Red Willow
Creek at mouth a/

(Unit - 1000 acre-feet)

Year Octa Nova Dec, Jan, Felb, Koxr . Apr, Vay June July Auga Sept. Total
1929 15.6 27.5 17.0 18.7 16.9 35.5 30.6 29,5 19.8 L.2 b 8.1 227.5
1930 1.1 21.7 21.8 22,2 21.7 23.7 23.5 31.3 2h.a 12,8 19,3 1L.3 2L3.5
1931 22.2 22.5 26.9 22.0 25.4 2.2 23.5 1S.L 1.1 L6 11k 3.6 212,.8
1932 9.3 20.6 22,0 23.6 21.5 25.5 20.0 1L.2 21.9 10.1 15.5 3ol 207 .k
1933 8.L 15.2 19.7 25.3 23.6 26.5 18.5 22.7 53 S.l 91i.1 53.6 315.0
1934 17.3 16, 27.9 26.6 25.6 2L.9 18.2 L6 21.2 3.9 3.k 56 195.2
1935 5.3 10.3 23.8 25. 22.3 275 17.1 280.k 237.0 33.2 18.3 16,0 717.0
19356 9.2 15.7 23.1 20.9 22.9 28.8 2.7 59.0 28.9 2.9 6.3 2.7 2l5.1
1937 6.1 12.9 17.7 12,4 19.9 25.8 18.6 23.3 3449 Tk 6.0 12,7 198,7
1338 8.8 13.0 16.5 19.6 20.5 21.3 20.9 L3.5 32.0 25.4 16.3 28,0 265.8
1939 5.8 10.2 16.3 21,7 12.L4 327 25.1 8.2 38.3 10.1 8.2 1.7 190,7
1940 2.6 5.9 12.2 12,k 30,3 30.5 i8.5 8.5 34l Sl 3.6 1.5 178.8
1911 10.0 19.2 27.5 30.8 21.7 22.4 35.2 21.8 70.6 L3.8 25.1 17.4 3L5.5
1942 23.2 20.9 20.0 18.0 25.3 66.3 32.6 31.1 1.3 8.6 20.2 33.0 340.5
1943 22.2 21.L 33.1 21.3 26.2 21.0 18.2 13.1 19.L 3,1 2.6 1,8 2034
194k L6 10k  13.3 27.2 29.3 30.6 58.8  3Ll7 22.0 8.4 8.0 h ] 290.L
1945 9.9 15.3 21.L 25.6 25.0 20.3 23.2 19.2 k3.5 11.6 13,1 10.0 238.1
1946 15.0 16.1 13.3 19.2 21,0 2163 15,4 a7ay 18.4 60,5 3.9 9.8 2LT .6
1947 38.2 30.9 23.7 23.k 28 .8 36.6 27.2 29.9 =N 26.0 3.k 52l 321,2
Total -

Average 13,0 g 20,9 21.9 23.2 25.1 2L.7 37.8 40,7 17.2 14,7 12,8 273.1

a/ Table used to compute flow of Republican River at Bartley Diversion Dam.
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Table 99,--Estimated historical flow of Republican River at Bartley Diversion Dam

(Unit - 1000 acre-feet)

Year Oct. Nov. Dec. Jan, Feb. Mar. Apr. May June July Aug. Sept. Total
1929 17.L 19.7 16.8 15,1 11.L L0.2 33.5 35.3 6L.1 36.9 7.1 L.8 302.3
1930 8.5 18.3 19.3 16,9 17.0 23.6 33.9 53.9 59.1 13.1 15.7 30,1 309,k
1931 L9.L 35.5 26,4 2343 29.2 30.6 33.9 26,8 28.3 5.9 1.4 1.7 292.L
1932 0.9 9.0 9.0 11.h 14,0 19.2 19.8 15.9 57.9 11.0 17.2 10.5 223,k
1933 3,5 7.k 16.8 20.1 16.8 2L,.2 37,1 L2.2 7.k L.5 L7k 56,4 283.8
193L 12.8 15.54 25,7 23.L 20.3 24k 17.5 L3 37.5 1.6 0,3 12,.L 195.6
1935 2.6 8.8 12.8 20,9 18,0 23.L 17.8 21h.L  399.7 34.3 39.k 39.8 831.,9
1936 11.0 17.2 19.L 15.6 11.5 31.0 18,5 Th7 33.2 0.9 0.2 2,0 236.6
1937 0,9 9.3 1.k 7ol 23.8 26,1 16.4 17.9 39.7 20.0 19.4 1440 20%9.3
1938 Li.7 9.4 11.5 21.2 19.5 2U.7 26,5 Lk.0 L0.9  33.9 28.0 33.2 297.5
1939 L.5 Tk 13.8 15.L 11.8 29,4 27.1 21.6 02.2 20,2 15,3 0 218,.7
19L0 0 2.5 9.k 6.2 13.6  32.h 18.3 12,7 36.7 5.6 59 3,1 1L6,4
1191 13.0 10.0 13.1 16,8 22,5 26.1 30,0 30.9 8445 63.3 Ll 30,7 385.0
1942 25.8 20.8 19.3 16.7 26.6 L7.9  35.6  L0.3 39.0 10,6 15,9 2743 325.8
1943 22.9 23,2 25.8 15,7 27.1 26.7 23.L 15.L  19.2 2,2 2.0 2.0 205,.6
19L) 1.8 5.7 9.l 15.3 25,1 29.3 60.5 L8,0 43.0 74,8 13.9 2.3 329.1
1945 9.7 13.L 18,2 22.3 23.8 21.3 28.0 22,0 74,9 17.5 11,7 7.8 270.6
1946 14.8 15.7 12.9 20.9 23.3 27.5 15,6 30.0 21.B 65.2 3.8 10.8 262.3
1947 72.L 36.1 2h.9 20,1 23.7 35.1 31.9 32.1 83.6 28.L B2 1,2 391.7
Total

Average 1L.6 15.0 16,8 17.1 20.7 29.2 _ 27.60 : - W12 6L  23.7 15.3 15.3 300.9
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Table 100.—Return flow from L960 acres irrigated by Red Willow Canal

(Unit - 1000 acre-feet

Y-BEI' Jana Feb. Vars }'Lpr. Hay June July A‘Jﬁo Sept. Octe Nove Decs Total
1529 0.2 0.2 0.2 0.2 0.2 0.2 0:3 0e3 0.4 0.3 03 0s2 30
1930 2 .2 -2 el o | P g 2 2 o2 2 2 ol 2.1
1931 11 .1 ol ¢2 r2 02 -2 l3 .3 -3 .2 .2 ZQh
1932 il 2 .2 o2 3 <3 =3 ol Wl o = o3 3.5
1933 «3 .2 el «2 o2 3 *3 ol ol ol »3 o3 365
193L 3 «2 «l «3 a3 ol «5 «6 6 o5 «5 ol L.9
1935 b 3 .3 2 .2 3 o3 oL o4 ok .3 o3 3.8
1.936 .2 2 v -3 03 oh th u6 .6 .6 1’4 oh h‘é
1937 4 3 o3 o2 2 «3 <3 2l ol ol o3 o2 3.8
1958 «3 o2 .2 «3 3 3 L -5 5 .5 ol «3 o2
1939 0.3 .3 '3 03 -3 uh Ih vs .5 .5 Ih lh h06
mo -3 03 -3 CS 03 oh a-’-l -5 n6 ns .h -h hi?
pLIN «3 -3 o3 v 2 2 2 .2 3 3 .2 .2 2.8
L2 -2 o1l by 1 o1 2 .2 2 «3 2 o2 2 2.1
1943 -2 vl el .2 .l 2 <3 3 ot 3 «3 3 2.9
1oLk .2 32 .2 0 % | «1 +1 N ¢ o1 % ol »1 1.k
19L5 5 ol a o2 o2 .2 o3 3 ol o3 3 e 2.6
146 .2 .l .2 .2 2 «2 2 3 «3 o3 -3 2 2.8
-1911? '2 o2 .2 -1 cl 12 .2 .2 .3 02 02 12 2!3
Total

Averagg .2 02 02 02 92 u3 l3 -3 o‘h ch 03 .3 3.3
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Table 10l.—Return flow from 2610 acres irrigated by Red Willow Canal and available for use a2t Bartley
Y Diversion Dam

{Unit = 1000 _acre~feet)
Year _ Jan,  Fob. Nare __ Apr..  May Juns __ July _ Aug. _ Sept. Oct. _ Novs _ Dec.  Total

1929 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.1 1.6
1930 1 0 1 o1l i .1 -1 1 oL o1 oL ol 1.1
1931 01 tl .l ol 01 nl ol 41 12 .1 a% &1 133
1932 oL o1 -1 o1 5 o1 2 o2 . Y - ol 1.8
1933 nl -1 .1 ol .1 ll -2 .2 .2 .2 .2 l2 198
1934 o2 .1 .2 .2 -2 .2 <2 «3 <3 o3 »2 «2 2.6
1935 «1 i | -1 «1 .1 «2 .2 o2 3 a2 o2 .2 2.0
1936 “l x ol <1 2 o2 .2 3 3 «3 <l 22 2.1
1337 o1 -1 .1 +1 .1 -2 .2 .2 o3 o2 02 - 2.0
1938 «2 «1 o1 1 2 o2 - «2 «3 2 .2 o2 2,2
1939 .2 .1 51 .l .'E 02 :2 53 .3 03 .2 02 2..14
1940 2 S «1 22 .2 o2 .2 «3 3 «3 +2 o2 2.5
241 -1 .1 -1 .1 1 o1 sl 22 «2 o2 o1 « L 1,5
19112 ol 0 Ql nl ol ll ll -1. .1 -l -1 ol 101
19143 .l -l -l al ll -l .1. .2 l2 .2 .l .1 1-.5
194l -1 0 0 0 ol 0 .1 .1 «1 1 o1 0 07
1945 =1 .1 6] .1 aX ol o1 -2 .2 Yy -1 o1 1.l
lghé’ ol cl ol ol l:.. "—l 61- .2 -2 02 01 .l 1.5
1947 «1 .1 1 +1 <1 -1 ol o1 1 .1 .1 .1 1.2
Total

Averzge .1 L o | o % A sk o2 .2 .2 -2 0?2 el 1.7
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Table 302.--Return flow from 2350 acres irrigated by Hed Willow Canal and available for use at

Cambridge Diversion Dam a/

(Unit - 1000 acre-feet)

Year  Jan. Feb.  War.  Apr.  May _ June  July _ Aug. _ Sept. Octs  Novy _ Dec. _ Total
1929 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.1 0.1 0.1 1.b
1930 aX 2 % & 0 0 0 s S | o | 1 l ok 1,0
1931 O 0 0 o1 ol «1 .1 2 o1 2 ol ol 141
1932 Il .1 ll 01 u2 02 .1 l2 .2 .2 01 nl 1-7
1933 .2 nl .1 Il .l .2 -1 ‘2 .2 .2 .1 .1 1.7
1934 ol " | 0 .1 .1 w2 v3 3 o3 3 3 2 2.3
1935 l3 -2 '2 01 .1 -l Il .2 11 .2 .1 .1 1.8
1936 D ll -1 -2 .1 '2 .2 .3 .3 |3 12 |2 2.2
1937 '3 .2 .2 .1 nl -1 ll ql l'2 nl .l v2 1.8
1938 o | ol - .2 «l 5 | .2 .3 2 o3 o2 o | 240
- 1939 oil +2 .2 2 ¥ § a2 o2 2 <2 P P . 2,2
19150 01 .2 12 .1 .1 42 .2 .2 13 .2 .2 .2 2-2
W L2 2 .2 0 | 1 W ¥ a i 5 | ol 1.3
1942 .1 ol 0 0 0 ol - .1 .2 ol P | ol 1.0
1943 | 0 0 - § e | ol 22 o1 = | .2 2 «2 1.4
19kl «1 o2 o2 0 0 1 0 0 (0] 0 Q ol 0.7
1945 © 0 0 1 1 5 | o2 ol .2 ol o2 1 1.2
19h6 01 -1 .1 .l .-1 '1 .l .1 .l .1 .2 .l 1.3
™7 .1 1 .1 0 o oI % . s | 2 ¥ | 1 21 1.1
Total
ﬂb 0-1 Oll Dll 0.1 0.1 0-1 D-l 0.2 002 0.2 O.l 0.1 1-5

a/ Return flows from L,960 acres irrigated by L,9%0 acres by the Red Willow Canal, Red Willow Unit, less
return flow from 2,610 acres considersd available at Bartley Diversion Dam.
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Table 103.—Return flow from 7030 acres under Bartley Canal

e

(Unit - 1000 acre-feet)

Year Jan. Feb. Var, ApT. tay June  July  Auz, Sect, Oct, Nov, DECo Total
1929 0.3 0.3 0.3 0.2 0.3 0.3 0.l 0.5 0.5 0.5 0.4 0.3 L.3
1930 .3 3 o3 o 8 .2 4 .2 a3 3 o3 o2 - 2.9
1931 52 o2 o & .t 3 .3 U 4 5 o WU .3 3.7
1932 -3 12 -2 u3 011 oll DS 06 .6 -6 05 .h Slo
1933 Dh l3 13 53 b3 lh 05 -6 .6 .6 IS lh 5.2
193h th 13 I3 tb 15 06 o? -S .9 tB D? !6 ?.G
1935 IS IS 15 o3 llb- ch -h 05 16 -S .LI- uh SQL
1936 U «3 o3 L +5 N .0 .08 o9 .8 .6 .6 6.8
1937 5 A ol -3 .3 A oL 0 .5 ) 2 ol 5e3
1938 Ih n3 03 .h oh .S 05 o? I? .? -6 -5 6-0
1939 <4 .U ch ol &5 o5 N T .0 o old es 6-5
1940 i ol ol ol o5 5 6 o7 .8 of 0 .6 6.6
19h1 .5 I-l- .h 02 02 .2 93 nh .h Ih l3 I3 h.o
19132 |2 I2 .2 12 .2 -2 13 03 .Ll .3 .3 03 301
1543 .2 o2 W2 3 «3 3 ol »5 o5 o5 o h o3 L.l
19hh 03 .3 t3 .1 .1 .l .1 .2 .2 .1 ll ll 2.0
19)-15 al Il Il 52 03 03 lh -5 IS cs lh l3 3.7
1946 .3 o3 3 .2 ¥ % A .5 5 ol N 3 Le2
19h7 .3 02 .2 .2 '2 .2 03 03 .h A— S— — 2.3
Aves -0:3  0a3— 0.3 0.3 0,3 B4 04 0.8 06 05 0 Gl ha7
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Table 10k.—Depleted flows of Republican River available for use at Bartley Diversion Dam a/
(Unit - 1000 acre-feet)

Year Jan, Feb. Mar. Apr. May June July Aug. Septs, Qct. Nov. Dec. Total
1929 15‘0 11'7 BB.IO 19-1 32.0 SOI? 36l? 6.0 0.2 1-6 3:1 5.? 219.8
1930 3.2 9.1 17.2 26.8 5L3 53.3 5.8 -0.5 17.1 36.k  29.5 2k, 276.8
1931 20.8 27.3 28.1 29.5 20.6 23.9 Lk =549 1.k -1i,5 -5.8 5,8 133.0
1932 -6.3 13.1 17.2 9.0 10.7 L47.L L.2 ST 10.1 -1.2 -1.9 2.4 110.L
1933 1.9 0.7 9.6 23.5 26.6 L.9 2.2 -0.3 L3.3 ~0.1 11,6 22,5 116.5
193k 2 By 19.3 21.7 3.L L.b6 21.0 1.5 0.8 11.8 : 55 L.2 =3.6 108.1
1935 3-1 2-’.{ 3-9 l-l03 16802 391 12 6.2 21‘09 23 12 SOB 6-9 600 651 ll
1936 7!!1 B.? 2& .0 002 7h|2 12 .9 1.5 "2 ¢2 hl9 "'1 .2 1-5 3.8 139 l?
1937 "'0-1 9-9 5.9 1.7 -116 12.9 16-1 16.8 5.2 ""0.2 2.1 1.!-‘ 70.1
1938 8.5 5.l 9.5 9.3 36.3 18,2 12,7 15.5 12.7 2.2 2.3 6.0 138.6
1939 11,2 8.2 28.5 11,8 17.1 30.7 1h,3 11.0 2.3 0.9 1.9 2.2 140,1
19110 "'lch -8.9 1007 h.O 8.2 12.3 h-z 6.5 "'6011 ? 09 -2 05 —Ll]-_ 3005
19l 5.6 8.3 13T 18.L 22.h 68,2 39.7 23.6 22.1 1.1 14.0 18,5 255.4
1942 15.1 25.3 h3.3 30,9 33.3 32.1 5.6 0,5 2.k 5.1 16.3 19.L 228.3
1943 13.6 26,0 2k.6 9.5 6.3 L.S 2.8 3.L Lk 2.3 1.5 2.6 101,3
19LY 5.4 3.6 7.l 31.8 L2,k 36.3 61.L 8.9 ok 3.k L.2 2.8 192.0
19L5 2.5 7.1 16, L 20k 13.6 56,0 9.5 2.2 1a7 3.8 5.7 8.5  1i7.L
19L6 12.8 12.7 22.2 3T 12,6 9.6 L2,9 2.9 Qe L5.5 22.9 20.9 213.9
Total = — — m—
Average 7.2 11.2 19.8 15.1 32.h 50.4 15.2 6.3 8.9 6.8 6.5 Tl 167.2

E/ Computed as combined flows of Frenchman + Republican at Culbertson after upstream development + gain in

flow between that point and Bartley Diversion.
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Table 105.—Depleted flow of Republican River available for use at Bartley Diversion Dam with winter
flows adjusted a/

(gnit. - 1000 acre-feet)

Year __ Jan. Feb, _ Mar.  Apr, Moy June  July  AUB.  Septe  OCt, _ NOVe DeCo Total

1929 15.0 11,7 38.0 19,1  32.0 50.7 36.7 6.0 02 1.6 3.1 Sl 219.8
1930 3,2 9.4 17.2 26,8 5L4.3 53.3 5.8 -0.5 17.1  36.4 29,5 24,3 276,.8
1931 20.8 27.3 28,1 29.5 20.6  23.9 Lhei  =5.9 1o =UeS 0 Q 1456
1932 0 0 11.k 9.0 10.7 L7k o2 5.7 10,1 =l e2 0 0.5 97.8
1933 159 0.7 9.6 23.5 26.6 L.y 202 -0.3 L33 -0.1 11,6 22,6 11645
1934 1.7 19,3 21.7 3.4 L.6 21.0 1,5 0.8 11.8 p 0% 4 L2 0 % B L
1935 0 1.9 3.9 L.3 158.2 391.2 6.2 2.9 28.2 5.8 6e5 6.0 6L7.5
1936 ?oh 80? 28-0 0.2 ?13.2 12-9 105 -202 h.9 "'1.2 1.5 308 139.7
1937 0 9.8 59 1.7 =146 12.9 16,1 16.8 5.2 =0,2 2el 1. 70.1
1938 Ba5 Celi 9.5 9.3 36.3 18.2 12.7 15.5 12.7 202 2.3 6,0 138,6
1939 11.2 8.2 28.5 11,8 17,1  30.7 1.3 11.0 2.3 0.9 1.9 5.9 140.1
1940 0 0 0.l LO 8.2 12.3 b2 6,5  ~bul To9 0 0 37.1
1941 0 0 7.8 184 22.4 68.2 39.7 23.6 22.1 14,1 1,0 18,5 248 .8
1942 15,1 25.3 43,3 30,9 33.3 32.1 5.6 ~0,5 2.h S5el 16,3 19,4 228.3
1343 13.6 26,0 2h,6 0,5 653 L5 2,8 3.h Lok 2,1 1.5 2.6 101.3
19LL 0 0 55  31.8 W24 36,3  61.L 8.9 2.2 3.k La2 2,8 19,0
1945 2.5 Tel 16,k 20,4, 13,6 56.0 945 2.2 1.7 3.8 Se7 Be5 7.l
1946  12.8 12.7 22,2 3.7 12.6 9.6  L2.9 2.9 5.2 L5¢5 22,9 20,9 213.9
19&7 17'9 21-9 31.::6 2905 3390 72\6 16.3 1'5 OIS i e — 22hlB
ave, 3.0 10.3 16,6 1ok Je.l - ' 500 15.2 6.3 5.9 % Tol .0 1871

flow between that point and Bartley Diversion.

a/ Computed as combined flows of Frenchman + Republican at Culbertson after upstream development § gain in
Negatives in winter months carried over to next months,
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Red Willow Unit

Consumptive use

The Lowry-Johnson method was used in determining the consumptive
use requirements for the Red Willow Unit. This method and the deter-
mination of the consumptive use monthly distribution percentages are
discussed under the consumptive use determinatiecn for the Frenchman
Unit. The annual consumptive use has been determined from the effec-
tive heat based upon the temperatures recorded by the Weather Bureau
at Curtis, Nebraska. This computation is shown in table 106. The
annual consumptive use has also been determined for Culbertson based
upon temperatures recorded there. This computation is shown in
table 65. The average of the consumptive use for these two stations
wag used for the consumptive use for the Red Willow Unit. The monthly
distribution and annual consumptive use for the Red Willow Unit are
shown in table 107.

Precipitation over project area

Precipitation data used to determine the effective precipitation
for the Red Willow Unit were determined from the average of precipi-
tation recorded by the Weather Bureau at McCook and Cambridge, Nebraska.
The precipitation recorded at these two stations is listed in tables &8
and

Not all precipitation falling on the project area is effective;
therefore an adjustment was necessary to determine the amount that
would be considered effective. These adjustments to the recorded
precipitation were made in the same manner as explained for the
Frenchman Unit. Effective precipitation at McCook, 1s shown in
table 108 and the effective precipitation at Cambridge, is shown
in table 109, The effective precipitation for the Red Willow Unit
ia the average of these two tables and is shown in table 110.

Consumptive use requirements of irrigation water

The consumptive use requirements of irrigation water is the
amount not supplied by effective precipitation. The monthly consump=
tive use requirements of irrigation water for the Red Willow Unit,
table 111, were determined by subtracting the monthly effective
precipitation, table 110, plus any precipitation carry-over of the
previous month from the monthly values of consumptive use shown in
table 107. The soil reservoir was considered to be able to hold 6
inches, or 0.5 feet of water and this was the maximum carry over used.

Diversion requirement

In order to satisfy the crop irrigation requirements it is
necessary to divert sufficient additional water to overcome trans-
portations and farm losses. The farm losses were estimated to be
30 percent of the farm delivery requirements. Therefore the crop
irrigation requirement is multiplied by the ratioc of 100 over 100
minus the 30 percent farm loss to give the farm delivery requirement.

97
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Table 106,—Computation of Effective Heat and Consumptive Use at Curtis, Nebraska

(Day Degrees)

/ Consumptive
Year Jan., Feb. Mar. Apr. May June July Aug, Sept,. Oct. Nov, Dec, Total use in
day dego.ft, depth a/

—_— —

995 1,246 1,551 1,882 1,882 1,260 1,018 =

1929 - - - - 9,834 2.38
1930 = - - 952 1,252 1,503 1,876 1,724 1,503 979 = - 9,789 2,38
1931 = - - 639 1,367 1,743 1,900 1,727 1,686 1,218 = - 10,280 2.L6
1932 - = - 862 1,l88 1, ,560 15 29l 1,835 1,476 653 - ~ 9,818 2.38
1933 = - - 902  1,29% 1,85h 1,93h 1,677 1,635 902 - - 10,200 2,44
1938 -~ - - 1,057 1,686 1,803 2,114 1, ,900 1,395 1,392 56 - 11,403 2,63
1935 - - 120 864 980 1,503 1,993 x 24 "BliL 1,LL9 919 - - 9,669 2,36
1936 = = = 385  1,Lk2 1,700 2,092 2,000 1,581 B2 = - 10,052 2.L2
1937 = - - 812 1,479 1,599 2 065 2,071 1,617 956 = - 10,599 2,51
1938 - - 287 1,071 1,293 1, 1880 1 N 2 012 1,575 1,34 =~ - 11,203 2,60
1939 b/- - - 965 1 u11 1,650 2 ou9 1 866 1,680 1, o = - 10,668 2,52
1940 7 ~ - - 902 1 L51 1 782 2 018 1,80? 1;593. .k 196 - - 10,749 2,53
o - - - 937  1,L76 1,524 1,869 1,876 1,85 1,001 27 - 10,195 2elily
k2 - - 59 1,104 1,296 1,518 1,938 1,770 1,266 1,054 - - 10,005 2.41
1943 - - - o2 1,228 1,569 1,972 1,950 1,L82 628 - - 9,771 2.37
9k - - - L59  1,h0L  1,h9k 1,662 1,733 1,536 o2 = - 9,230 2,29
1945 b/~ - - 767 1,352 1,34k 1,798 1,786 1,L58 1 - - 9,LkL6 2,32
1946 b/= - 55 1,161 1,107 1,572 1,739 1,596 1,311 852 - 9,894 2,39
1947 B/~ - - 689 1,175 1,347 1,634 1,916 1,L79 1,355 11h - 53709 2.36
Total - ==

Avg, 10,132 2.43

a/ From Lowry-Johnson curve,
'B/ Records for Lexington used when Curtis records were incomplete.
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Table 107 ,—Distribtution of Consumptive Use—Red Tillow Unit a/

(Feet per acre)

Year Jan. Feb, Mar, ADr, Nay June July Aug, Sept. Oct, Nov, Det. Total
1929 $02 «05 o12 «19 2l 3l Lb Lb «29 ol5 .07 +05 2,42

1930 002 005 012 3 19 .2h .3)4 gh.6 gh.h .29 .15 ‘O? .05 2.h2

1931 .03 .05 12 <20 «25 o35 L7 L5 .30 015 07 .05 2.L9

1932 L02 .05 12 19 2l 3l L6 li3 29 «l5 ,07 205 2.1

1933 .02 05 012 «20 25 35 L8 .45 30 «15 «08 .05 2,50

193L .03 .05 .13 .22 /| 38 51 L8 .32 16 .08 05 2.68

1935 .02 .05 o2 .19 2L <3l b 43 .29 <1l .07 .05 2,L0

1936 .02 .05 W13 «20 25 +35 L8 o115 <30 o15 .08 .05 2451

1237 .02 .05 213 #20 25 <35 .18 <15 <30 15 .08 +05 2,51

1938 .03 .05 iy 221 26 .36 +50 U7 .31 o16 .08 .05 2.61

1939 .03 .05 .13 .20 .25 .36 4B 26 .30 <15 <08 W05 2.5L
19L0 .03 .05 .13 .20 .26 .36 LB U6 .31 .15 .08 «05 2,56

1941 .02 05 12 «20 <25 34 U7 oll .29 +15 «07 -05 2.L45

1942 .02 .05 012 020 .25 3L 146 olly .29 <15 07 .05 2.4

1943 »02 .05 12 .19 o2l o3b L6 ok 29 «15 <07 205 2.2

194l 02 <05 212 519 23 233 U5 U2 .28 1l «07 05 2,35

1945 .02 .05 <12 019 2k o33 oli5 L3 28 <1l 07 +05 2.37

1946 .02 <05 13 220 «25 o3 L8 45 30 15 208 «05 2,51
1947 .02 <05 «12 .20 25 o3k oLb Ll 29 <15 .07 +05 2.kl
Total e

Ave. .02 .05 a2 .20 25 .35 L7 L5 .30 a15 07 05 2.48

a/ Use mean of records at Culbertson, Curtis, and Alma.
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Table 108.—-Effective precipitation at McCook, Nebraska a/

(Feet)

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total

1928 0,01 0,03 0,07 0,02 0.27 0,31 0.3k 0,03 0.08 0Jd1 0.1 O 143
1929 .01 .09 .03 .13 .25 30 .20 .09 .18 P 13 bk L1 1.5L
1930 .09 .07 Ol .30 3L, 27 3l .18 .20 3L .20 03 2.3k
1931 .02 .15 .27 A2 .09 3 .09 .19 .05 .06 .18 Ol 1.L9
1932 07 .07 .03 .13 .23 27 .19 .10 .09 05 0 Ol 1.2k
1933 0 .02 .16 22 .20 .09 «1l4 .33 .23 0 .01 A2 152
193k .03 09 .01 W1 .10 .32 0oL 1l .15 .01 1€ O 1.9
1935 0 02 .0l o112 Il .22 .10 .21 .13 .0l .10 02 1,33

1936 Ok .03 01 .08 33 12 16 .05 10 .01 .01 HO5  0.99
1937 00? .02 .la 105 .la a26 .15 .11 008 tl]— -01 .02 1 .2h

1938 .02 .01 a2 18 33 .09 23 .25 .12 0 0 01 1,36
1939 .05 Ol 12 .19 .13 .26 o1l .10 .02 0 0 L7 1,12
19L0 .07 .03 .28 .02 <1k .16 16 <1l J1 .03 07 09 1,30

19L1 A, 5 .03 .05 27 .18 3k Al 13 .33 .06 ,01L A8 1,81
1942 ,03 13 15 .25 16 .33 .07 .13 31 .ol .05 Ob 1,67
1943 ,01 .01 205 15 .10 .22 .15 .10 .03 .01 .01 D2 0.86
194k A8 i .16 3l .15 21 N 09 01 W07 10 LOL 1,83
19LS .05 02 .02 .18 .22 29 21 .30 a2 o2 01 06  1.50

1546 0l 0 .16 .01 .30 .22 32 .23 .19 34 .20 3} 1,98
1947 .03 .0 .08 .18 .19 29 .25 .06 Al .09 .10 09 1.5L
Total

Average .05 .05 .10 16 W21 .18 18 .15 Ah .07 .07 LO5 1.l

a/ Based upon rainfall recorded at McCook, Nebraska.
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Table 109.,--Effective Precipitation at Cambridge, Nebraska

(Feet)

Year Jan, Feb. Mar, Lpr. May June July Aug. Sept.  Oct. Nove. Dec. Total

1928 0.17 0
1929 0.03 0.15 0O 0.20 0.32 0.20 0,12 0.04 0.14  0.19 0.12 0 1,51
1930 .06 .06 .02 3L 31 .30 .24 =19 .10 .28 .19 02 2,07
1931 .01 .07 20 by & § .16 24 L1k Sz .07 .07 «20 01 1.5k
1232 .07 0L 0L .08 .12 ax) .22 .02 .13 L0l L1 .03 1313
1933 0 02 A2 .29 22 A1 16 «3L .10 0 0 .10 1.L6
1934 0 .07 0 07 13 .25 09 10 2L .07 .22 <Ol 1,28
1935 0 0l 07 «05 3L .18 0 .26 .15 .02 08 01 1.20
1936 Ok 02 2/ .01 .08 .3b .09 .11 .07 Al H1 0 05 0,96
1937 0L SO | 243 .05 .16 2l ,19 31 .16 a1 LOL 01 142
1938 .02 01 .10 a6 J1 .09 .29 «20 .10 0 0 .01 1.29
1939 .05 <0k 09 0% »23 33 «15 a3 .03 0 0 07 1,22

1940 .06 L0l .19 .03 .18 .15 a5 Ol A7 .07 .06 .08 1,22
1911 .08 .0l .03 .33 2h 3k .18 .05 .29 Lol L0l 12 1.78

1942 .0l .08 06 256 .18 32 a5 22 .26 .07 05 .0l 1.73
1943 .03 .03 .06 31 .05 22 .19 .22 .25 o) 01 01 1.L2
19LL 17 .10 .18 3h 30 3k 3L .22 0 .0l 16 .02 221
1945 .05 .03 .03 +20 21 27 07 22 .18 .02 .03 .07 1.38
19L6 .01 Q o1l .0l 33 .25 .28 .15 2L =34 .22 W01 1.98
1947 .05 eIt .06 .18 18 3L .21 .05 .22 .05 .10 L0l 1.52
Total

Avg. 0.0k 0.5 0.8 1.7 2.3 2.4 147 1.6 1.6 0.8 0.8 Ouls 1,50

E/ Feb. — Aug, 1936 are average precipitation records of McCook, Gosper, and Beaver City.
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Table 110.-=Average of effective precipitation of Cambridge and McCook (Red Willow) 9_/
(Feet)

Year Jan, Feb, Mara. Apr. May June July Aug. Sept. Oct. Nov. Dec, Total

—_— —

1929 0,02 0.12 0.01 0,15 0.29 0.25 0,16 0.07 0.15 0.15 0,13 0,01 1,52
1930 .07 .06 0l 33 <31 .29 34 .16 .15 .33 .19 .03 2.27

1931 .02 Jd2 .26 «11 .13 «23 o1l «20 .06 .07 19 .03 1.52

1932 .07 .05 .03 by s ¢ .18 31 .21 .06 k5 ) Kol 201 .02 1,20
1533 0 .02 .14 .26 .21 .10 .15 i 27" W 0 P 1 1.50
193) 01 .07 0L .09 & 4 .29 .07 .12 .19 0L .19 0L 1.23
1935 0 .03 .06 .08 3l .19 .05 2L W1l ,03 .09 .02 1.27
1936 .0l 02 a/ ,01 .08 3b .09 W11 .07 12 0L 0 .05 0.94
1937 06 01~ 5 05 17 31 S Y .23 12 .l 01 .02 1.1
1938 .02 01 W11 .18 32 .09 26 .22 71 § 0 0 01 1,33
1939 .05 L0l .10 b .19 .30 Al J1 .03 0 0 .07 1,17
1940 .07 o) <23 03 .16 A6 .15 .09 i .05 W07 .09 1.28
1911 .10 0L .0l 31 2L .3k 16 .08 .32 .05 .03 15 1.83
1942 .03 .09 5 § .26 .18 .33 by s | .18 .29 .05 .05 Ol 1.72
1943 .02 .02 06 2L .08 .22 1T .16 .15 .02 01 L0L 1,16
19LlL .18 e .18 3L .20 31 3L 16 0 W05 «13 <03 2,09

1945 .05 .02 .03 .19 22 .28 Al .26 .15 .02 .02 07 1.L5

1946 0L Q +15 .01 32 .23 o33 .19 .22 3L 21 .01 2.00
1947 .0l .0l 07 .18 .19 .32 .23 06 .18 .07 <10 06 1,54

Total
Avg. 0l .05 .09 .17 .22 .2l .18 16 .15 .08 <07 <05 1.50

g_/ February - July 1936 zre precipitation records from the average of licCook, Gosper, and Beaver City.
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Table 11l~--Consumptive Use Requirements of Irrigation Water
Red Willow Unit

Feet per acre irrigated

a/ a/

Year  Apr. May June July  Aug. Sept. Oet, Total
e
1929 0 0 0,01 0430 0.40 0.15 0 0.90
1930 0 0 0 .05 .29 .19 0 53
1931 0 4} 0 .28 .23 .23 .08 .82
1932 .06 +12 01 .24 ol .16 = | 1339,
1933 0 .07 2L 2 38 «11 .20 .15 1,09
1930 .2l 22 .13 L2 .38 .08 .09 1,56
1935 .09 0 .06 L6 4 ) i o 12 1.04
1936 .20 0 .25 .37 .38 .16 1l 1,50
1937 «20 .1k .11 .29 .1l .1h oL 1,06
1938 15 L0l .27 21 .27 21 W16 1,31
1939 qla ¢09 003 |33 u33 ¢27 ‘15 l|38
1940 .15 .08 .21 .33 L2 L1l .08 1,h41
1941 0 0 0 .20 .39 0 0 ) .70
1942 0 0 0 IR & .22 .03 .08 Nan
1913 0 27 212 .27 .22 .0k i s ) .93
194k 0 0 0 0 0 .20 .10 ¢ 30
1945 0 .0l 06 .38 w23 .10 +12 <91
19L6 .23 b} .05 .20 .30 .06 (o] .B8L
1947 0 0 0 .09 .39 .07 .10 .65
Average0,08 0.05 0.08 0.27_ 0,28 0,13 0,09 _ 0,98

a/ Includes one-half of portion of Nov.-Mar. requirement not met by
the effective precipitation for that period,

203
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Red Willow Unit

Transportation losses in the distribution system include water
consumed by evaporation, transpiration by the canal-bank vegetaticn
and seepage or percolation. The estimated percentage for the canal
losses was based upon these factors together with the length of the
canal. Canal lossocs were estimated to be 25 percent or the diver-
sion requirements. Table 112 lists the diversion requirements
determined for the Red Willow Unit in acre-feet per acre by multi-
plying the ratio of 100 over 100 minus 25 percent by the farm
delivery requirement. The diversion requirements for the L,260
acres finder the HcCook and Red Willow Csnals are listed in table
113 and the diversion requirements for the 7,030 acres under the
Bartley Canal are listed in table 11l

Fvaporation {rom reservoir

The evaporation rate from Red Willow Heservoir was determined
by using the same general procedure as was used for determining
the evaporation rategs from Enders Reservoir.

Gross evaporation.--The records of evaporation rates of North
Flatte, Nebraska were used in determining the evaporation rates
from Red Willow Reservoir through the peried from April through
September. The actual records were converted to evaporation rates
from a free water surface, table 115, by multiplying the actual
readings by a coefficient of 0.9Ls These converted records are
moved to the Red Willow Reservoir area by factors determined from
Adolph F. Meyer's Charts.l/

Month Factor
April .
May 1.05
June 1.03
July 1-06
August 1.03
September 1.05

Records of evaporation are not collected during the winter
because of freezing weather; therefore the rates of evaporation
for the winter months are based upon studies by Adolph F. Meyer.l/

Month KEvaporation rate in inches
Octaber L. t5
November 2.75
December 1.35
January 1,05
February 1.30
[iarch 2.35

The gross evaporation at Red Willow Reservoir is contained in
table 116,

1/ Adolph F. leyer, "Evaporation from Lakes and Reservoirs," published

by Minnesota Reservoirs Commission, June 1942.
20U i
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Table 112,--Diversion Requirements--Red Willow Unit

_(acre~feet per acre irrigated)

Year Apr. May June July Aug. Sept. Octe Total
1929 0.00 0,00 0.02 0.65 0.76 0.28 0,00 1.7l
1930 .00 .00 .00 .10 .55 .36 .00 1,01
1931 .00 .00 .00 .53 Lk <l .15 1.56
1932 A1 .23 .02 L6 .78 .30 21 2.11
1933 .00 .13 L6 61 .21 .38 .28 2.07
1934 L5 L2 .25 .BO Ji2 .15 A7 2.96
1935 .17 00 A2 87 «32 .27 .23 1.98
1936 .38 .00 L8 .70 $72 .30 .27 2.85
1937 .38 .26 .21 .55 «26 .27 .08 2.01
1938 .29 .08 .51 Lo .51 Lo .30 2.49
1939 3L 17 .06 .63 .63 - 1 .28 2,62
1940 .28 .15 W ls) .63 .80 527 .15 2,63
sl .00 .00 .00 .38 . Th .00 «21 1.33
1942 .00 .00 .00 .59 L2 06 .15 1.22
1543 .00 .32 .23 .51 L2 .08 .21 1.77
19LL, .00 .00 00 .00 .00 .38 .19 57
1945 .00 .08 % o} .72 LU0 .15 .23 1.73
19L6 | .00 .10 .38 57 1L <00 1.60
1947 .00 .00 .00 s 17 i .13 .19 1,23
%otal =

Avg. 0.15 0.10 0.16 0.51 0.52 0.26 0.17 1,87
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Table l1ll.--Diversion requirements for 7030 Acres under Bartley Canal,

(Unit — 1000 acre-feet)
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Table 115.--Reservoir Evaporation - North Platte. 2/

— (Inches)

Year  Jan. Feb,  ller,  Apr. _ HMay  June July Aug, Sept,  Oct. _ Nov, Decs Total
1929 5.04 5.18 6,19 8,40 T7.61 3.92
1930 L,05 5439 5.8l  T7.67 6,19 L.52
1931 o300 6.39 7.7l 9.65  B.07 7.9
1932 C.12 7.2k 6,57 8.07 TeTlh 5,89,
1933 5.82 5.54 9.11 10,02 5.57 6.2l
193k 5.95 9.02 9.95 12,50 9.06 5,25
1935 L.63  L.03 5.54 9.21 8,05 L.9k
1936 L.99 5.60 B.56 10.99 8,85 6,76
1937 L7k 6,19 6.LL B.98 8,52 6.19
1938 417 5.1  7.40 9.45  9.87 L.99
1939 4,57 6.88 B.84 10.82 8,55 8,L46
1940 L.52 7.41  9.38  9.89 7,76 6,15
%L1 3.74 6,03 6,03 T7.54  7.34 5,98
1942 3.75 5.69 5.56 7.38 6,58 3.97
193 5.0  L4,37 6,56 8,25 7.31 6,15
1945 3,72  5.0h 5.35 6.4B 6,09 5,60
1946 5.29  5.,56 7.08 7.93 701 5,50
1947 3.17 L.55 5.66 6,61 7.75 S.83
Avg. LSl 6,10 7402 879 T.61  5.70

a/ 04,94 x actual readings
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Tabie 116.--Gross Evaporation at Red Willow Reservoir a/

(inches) = =

Yoor Jan. Feb.  Mar.  Apv.  May _ June  July _ Bug, Sept, Oct,  Nov, _ Dec, _Total

1929 1.05 1.30 2.35 S.34  S.uh 6,38 8.90 7.84  L.12 L85 2.75 1.35  51.67
1930 1.05 1.30 2.35 Li.29 5.66 5.98 8,13 6.38 L79 L B5 2475 1.35 LY. 8L

1931 1.05 1.30 2.35 L.56 6,71 7.94 10.23 8.31  T7.55 L1.85 2,75 1.35 58495
1932 105 1.30 ' 2.35 5.43 7460 677 8.55 7.97 6,18 L.B5 2475 1.35 56,15
1933 1.05 1.30 2.35 6,17 5,82 9,38 10.62 STk 6,55 L.B5 275 1.35 57.93
193L 1.05 1,30 2.35 6.31 9.47 10.25 13.25 9433 5451 L85 2475 1.35 6777
1935 1.05 1.30 2.35 L4.91 L.23 5.T71 9.76 B.29 5.19 L1485 2475 1.35 51,7L

1936 1.05 - 1.30 2.3% 5.29 c.B8 8.82 11.65 9.12 T7.10 5,85 2,75 135 61,51
1937 1.00 1.30 2.35 5.02 6.50 6.63 9.52 8,78 6,50 L85 2,75 135 56460
1938 1.05 1.30 2.35 L.l2 5.37 7.62 10.02 10,17 5.2k  L.B5 2.75 1,35  56.L9
1639 1.05 1.30 2.35 L.BL 7.22  9.11 11,47 8.31 8,88 L.B5 2,75 1.35 63.96
19L0 1.05 1.30 2.35 L.79 7.78  9.66 10,L48 7.99 6JLb L85 2475 1,35  60.81
1911 1.05 1.30 2.35 3.96 6.33 6.21 799 7.56 6,28 L1485 2.75 1,35 51.98
192 1.05 1.30 2.35 3.98 597 %73 7.82 6.78 La17 L85 2.75 1.35 L8.10
15L3 J.05 1,30 2.35 5,72 L.59 6,76 8,74  T«53 6.L6 L85 2,75 1,35 5315
194l 1,05 1.30 2.35 3.06 6.70 6,96 T.60 T.2Lh 5,63 L.85 2.75 1,35 508l
945 1,05 1,30 2435 3,94  5.29 5,51  6.87 6.27 5.86 L.85 2275 1,35 L7.la
1916 1,05 1.30 2.35 S.61 5.8L  7.29 Boll  Te22 5.30 L85 2,75 1.35  53.32
1947 1.05 1.30 2.35 3.36 L.78 5.83 7.01 7.98 6.12 .85 2.75 1.35 LB.73

Total
Average 1-05 1030 2035 hc?g 6v17 ?029 9-32 7086 5.99 ’-1085 2.75 1.35 55-07

Oct. through Mar, estimated from lleyer's maps. Other months based on correction factors for recordes at
North Platte, Nebr. (1.06 for Apre, 1.05 for iMay, L1e03 for June, 1,06 for July, 1le03 for Auge and
1,05 for Sept.)
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Red Willow Unit

Precigitabion over resefvoir area.--The records of precipita-
tion af McCook, table b8, are assumed to represent the precipitaticn

over the Red Willow Reservoir area.

Net reservoir evaparation.--The net evaporation from HRed Willow
Reservoir, Lable 117, Ea the gross evaporation, table 116, less the

precipitation over the reservoir area, table 68.

The amount of water thet is lost by evaporation from the reser-
voir surface may be cbtained from the Reservoir evaporation chart,
exhibit 31. This chart shows the evaporation loss in 1,000 acre-
feet for various reservoir capacities between O and 18,000 acre-feet
and for various evaporation rates between 1 and 16 inches.

SBEEEB

From geologic data taken at the dam site the seepage from Red
Willow Reservoir was estimated to range from 0 to { second-feet.
Although losses from the reservoir to the abutment may occur in some
such variable fashion, it is believed that outflow frem the abutment
to the stream would remain practically censtant throughout the year,
providing that the reservoir filled at least once during the year,

In this study the seepage was held constant at approximately
5 second=feet, which amounts to approximately 300 acre-feet per

monthe

Water Utilizetion

An operation study showing the water delivery on a monthly
basis for the irrigation of 11,990 acres has been made to determine
the adequacy of the water supply available for development of the
Red Willow Unit.

Reservoir operations

The operations study, table 118, is based upon conditions
expected to exist in Red Willow Reservoir after 50 years of operations
The initial active irrigation storage capacity of 26,500 acre-feet
has been reduced by 8,500 acre-feet of sediment to the 18,000 acre-
feet which was used in this study. The amount of water assumed to
be available for development of irrigation in the unit was determined
after allowing for all water use that will occur because of future
developments above the Reservoir on Red Willow Creek and above
Bartley Diversion Dam on the Republican River.

Table 118, shows the computations made in the operations study
for the Red Willow Unit. The following operation criterlia were
used in making the operation study.

1. Method of meeting irrigation demands

21e
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Table 117.—Net Evaporation at Red Willow Reservoir a/

(Inches)

Year Jan Feb. Mar, Apr, May June July Aug, Sept. Oct. Nov, Dec, Total
1929 0.87 U.dl 2.01 3,68 2.0l 1,96 6.2l 6.66 1.89 3.45 0.95 1,21 31.10
1930 -0.05 0.Lk8 7,23 =00 0.91 9,21 -O:57 L.16 2.07 =1,81 0.1k 0.95 10,58
1931 0.75 0.67 =1.52 3.05 5.53 4.83 9.11 5.80 6.95 L.06 0.L9 0,79 39.18
1932 0.25 0.L& 1,98 3.72 L.L8 3.01 €.07 6.67 L.97 L,19 2.75 i B b 39.72
1933 1.05 g0 0.26 Fed P 3.16 8.19 B.85 0,22 3.L5 L.8S 2.63 =0.17 36.79
1934 0.73 0.21 2.19 k.85 8.20 5,06 12,80 7.L46 3.61  L69  0.B5 0.86 51.51
1936 0.56 0.93 2.17 k.27 0.53 7.32 9.62 8.48 5.84 473 2.68 0.58 L7.81
1937 0.15 1.10 0.06 L.Ll 4.23 2.98 5T T4l 5.53 3.40 2,62 1,04 L0,50
1938 0.80 1,15 0.8l 2,11 -0.17 6454 6.90 6.7k 3,70 L.85 2.73 1.20 3739
1939 O.u2 0.77 0.86 2439 5.L8 C.52 9,67 T«56 8,63 L.83 2.75 0.L7 L%, 35
1940 0.12 0.87 =1.6L L.50 6,00 7.52 84S 6.20 £.00 L. 52 1,87 0.15 L3.56
1951 0.4 0.92 1,68 0,02 1.0 <0.14 6.13 6,16 0.52 L.06 2.57 =0,89 2l.63
1942 0,70 =0,05 0.42 0.Lé 3,82 0.35 7.00 5.13 =0,52 L L0 2.15 0,88 2L, 7L
9k -1.31  -=0.L8 0.27 =5.16 L 77 L.21 0.15 6.10 5.56 3.4 1,52 0.91 20,LB
1945  0.39 1.09 2,05 1.71  2.38 1,21 L0  1.78  L.31  Ls66 2,58 0.6L 26,90
191-[6 0-90 1.26 0-32 ECLLI ll3’6 h¢35 3.11 h‘0’6 2|Bl -2l?? Ollh 1030 22-25
1547 0.70 0,75 1,36 1.15 2.25 1,61 3.61 721 = .28 3.69 1.48 0.25 28,34
Total

Average 0.45 0,6l 1,00 2.L6 3.12 3.85 6.51 5.76 3,62 1,687 0.72 3L.12

v
=
n

E/ Gross evaporation less precipitation at licCook, Nebraska.

Negative valnes indicate the amount that precipitation exceeded gross evaporation,
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Red Willow Unit

a. Sectional gaing between Red Willow Dam and mouth
of Red Willow Creek were supplemented by releases
from the reservoir to meet the irrigation demand
for 600 acres served by the McCook Canal and
L,360 acres served by the Red Willow Canal. Re~
turn flow, wastes, and sectional gains from
upstream units that are available for diversion
at the Bartley Diversion Dam are supplemented by
releases [rom Red Willow Reservoir to meet the
irrigation demand for 7,030 acres served by the
Bartley Canal.

2s Requirements for other than irrigation demands

4. When the sectional gain between the reservoir and
the diversion dam is negative, or when the depleted
flow of the Republican River at Bartley Diversion
Dam is negative, releases from Red Willow Reservoir
were made in order to satisfy these negative flows
during the irrigation season.

b. FEvaporation losses were determined in accordance
with the reservoir content and the monthly net
evaporation rate.

Cc« BSeepage was estimated to be 300 acre-feet per month.

3« Reservoir content

as The reservoir irrigation pool becomes full when
the capacity reaches 18,000 acre-feet. Any
inflow into the reservoir at this capacity was
allowed to spill.

b. Releases can be made from the reservoir until it
becomes empty, since there is no space allocated
to conservation storage.

L 1Integration of operation with other units

2. Mo releases from upstream reservoirs were made
to help satisfy demands in this unit.

b. No releases from Red Willow Reservoir were made
to help meet demands in downstream units,

An explanation of the different columns in the opefation study,
ible 118, ia offered as follows:

l. Years and months which the operation study was made.
(Jan. 1929 through Sept. 19L7)

217
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Raed Willow Unit

2. The depleted inflow, table 92, is the historical flow
at Red Willow Dam site less the estimated future
depletions above the reservoir. This represents the
water available for storage or regulation.

3. Fvaporation rate in inches, table 117, is the net rate
of evaporation from the reservoir.

k. Reservolr evaporation loss in scre-feet is obtained
by entering the "Reservoir Evaporation® chart, exhibit
31, with the average of the reservoir content for the
month concerned, and with the monthly evaporation rate
in inches.

5. Seepage is estimated to be 300 acre-feet per month
and is allowed to pass downstream without satisfying
any demands in this unit.

6. Sectional gain in historical stream-flow records
between Red Willow Reservoir and the mouth of Red
Willow Creek is contained in table 93,

7« TIrrigation demand for l;,960 acres served by McCook
Canal and Red Willow Canal is shown in table 113.

B. Demand on the reservoir is that portion of the irri-
gation demand, Col. 7, which is not satisfied by the
sectional gain between the Reservoir and Red Willow
Creek Diversion Dam.

9. Wastes passing Red Willow Creek Diversion Dam is that
portion of the sectional gain between the Reservoir
and the Diversion Dam which is not diverted to satisfy
irrigation demands.

10 Return flow from 2,610 acres, table 101, served by the
MeCook Canal and Red Willow Canal. Of the L,960 acres
served by these two canals, 2,610 acres are above the
Bartley Diversion Dam.

11, Depleted {lows of Republican River at Bartley Diversion
Dam, table 105, are the combined flows of Frenchman
Creek and Republican River at Culbertson after upstream
developments plus the gain in flow between Culbertson
and Bartley Diversion Dam. Negative flows that occur
during the winter are carried over into the following
months until satisfied.

12. Flow at Bartley Diversion Dam available for diversion
is the sum of Cols. 9, 10, and 11,

13+ Irrigation demand for 7,030 acres served by the Bartley
Canal is shown in table 11k,

218
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Lhis

15.

17.

184

194

20.

21.

22.

234

k.

25,

Red Willow Unit

Demand to be met by releases from Red Willow Reservoir
is the positive figure ocbtained by algebraically
gubtracting Col. 12 from Cols 13a

Waste water passing Bartley Diversion Dam is Col. 12
less Col. 13.

Total demand to be met by releases from Red Willow
Reservoir is the sum of Cols. 8 and 1h.

An increase in the content of the reservoir at the

end of the current month over the content at the end
of the preceding month is indicated by a plus signg

a decrease is indicated by a minus sign, and no change
in reservoir content is represented by a zero, Col.
17 = Colas (246+10411420) = Cols. (L+5+7+13+15+19).

The content of the reservoir at the end of the month
equals the content at the end of the previous month
gorrected by the change in content as shown by Col. 17.

Shows the amount of water which must be spilled to

avoid showing a content at the end of any month in

excess of the actlve irrigation storage capacity

which is 18,000 acre-feets Cols 19 = Cols. (2+6+10+11+20)
= Golss (L+5+7+13+15417).

Represents the demand on the reservoir which was not
?ztsgue to an insufficient supplys, Col. 20 = 16 = 2 +
+3)s

The flow below Bartley Diversion Dam is that which is
in excess of the irrigation demands of lands which are
served by the Bartley Canals The flow includes seepage
and spills from Red Willow Reservoir plus return flow
from 2,610 acres which are located upstream from
Bartley Diversion Dam. Cols 21 = 5+415419a

Shows the return flow from 2,350 acres table 102 which
is the remainder of the 4,960 acres served by the McCook
and Bartley Canals. These 2,350 acres are located down-
stream from the Bartley Diversion.

Return flows from 7,030 acres irrigated by the Bartley
Canal are contained in table 103,

The sectional gain in stream flow between Bartley Diversion
Dam and Cambridge Diversion is shown in table 97, The flow
of Medicine Creek is excluded,

The flow of the Republican River at Cambridge Diversion Dam
after upstream developments and excluding the flow of
ifedicine Creek, is shown in table 136. Col. 25 = Cols.

(21&Q2+e3+2hl unless their sum is negative, in

which case it is carried over into the followin

months as zero until a positive answer is obtained,

219
KS002439



Bed Willow Unit

Table 119 is a summary sheet of the Red Willow Reservoir opera-

tiong study by years,

This table shows that the shortage during the

eritical 1930-1940 period does not exceed the maximum permissible
shortage as described in Vol, IV, Chapter 5.3 of the Reclamation

Manual,

Exhibit 32 is a graphic chart which shows the proposed opera-

tion of Red Willow Reservoir.
this chart.

There are three hydrographs shovn on
The hydrograph at the top of the chart represents the

estimated depleted inflow into the reservoir during the period of

study,

The second hydrograph shows the irrigation requirements which
were supplied by natursl flows, the requirement met by storage re-
leases from the reserveir, the total diversion requirements, and the
amount which was shorted.

The third hydrograph shows the reservoir content and the spills

during the period of study,

Releases for Public Health Service

gtudies made by the Public Health Service indicate that during
the months of June through September the minimum desirable flow of

the Republican River at Indiancla is 10 second-feet. 1/

The de-

girable flow throughout the year as a percent of the June through

September minimum flow is shown below:

Month Percent of summer flow Min. desirable flow (cfs)
Jar, 20 2
Feb. 20 2
Mar., 25 205
Apr. Lo L
May 60 6
June 100 10
July 100 10
Aug., 100 10
Sept, 100 10
Det. L5 b5
ov, 30 3
Dac. 20 2

The Public Health Service requirements were adequately met by
the normal operation of the Red Willow Reservoir eperation study,

The flow passing Indianola may be found by subtracting column 20 from

the sum of columns 21 and 13 of the operation study, table 118,

Y

WKansas River Basin Water Pollution Investigation" Public

Health Service, June 1949, p. 121,
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Red Willow Unit

Requirementuy for fish and wildlife

No water releases from the reservoirs for requirements of fish
have been nade in this study. In the past the Republican River has
dried up curing extremely dry seasons, Seepage from the dams and
return flews from irrigated lands are expected to establish a live
stream at all times., It is anticipated that the minimum flow re-
quirements for public health will be sufficient for fish habitat
requirements,

Water passing the unit after development

The estimated flow of the Republican River passing the Red
Willow Unit is the Republican River flow at Cambridge Diversion Dam
and is shown under column 25 in the operations study and also in
table 136, This flow consists of spills and seepage from Red Willow
Reservoir, sectional gain in flow between Red Willow Reservoir and
mouth of Red Willow Creek that was not diverted by either the Red
illow or the Bartley Diversion Dam, return flow from 2,610 acres
that was not divertable by Bartley Diversion Dam, return flow from
9,380 acres below Bartley Diversion Dam, depleted flow of Republican
River at Bartley Diversion Dam that was not diverted, and the sec-
tional gain between Bartley Diversion Dam and Cambridge Diversion Dam.
Flows from Medicine Creek were not included in table 136 as they are
treated separately in the operation of lledicine Creek Reservoir.

Sumnn;z

The water supply studies as presented herein indicate that the
supply of water available is sufficient to serve the 11,990 acres
in the unit, with the exception of a few small shortages which oc-—
curred during the critical 1930-1940 periods The maximum shortage
occurred in the year 1934. This shortage amounted to 13.6 percent
of the eonsumptive use requirements,

223

KS002443



CHAFTER V
CAMBRIDGE UNIT

General Plan of Development

The Cambridge Unit is comprised of 17,230 acres of irrigable
land in the Republican River Valley between Cambridge and Alma,
Nebraska, The water supply for the unit under this plan would be ob-
tained from stored water in Medicine Creek Reservoir and from water
that would be available for diversion from the Republican River at
Cambridge Diversion Dam about 2 miles east of Cambridge, Nebraska.

Construction on Medicine Creek Dam was started March 3, 19L6,
and completed December 9, 19U9. Closure was made at the dam and the
storage of water was commenced on August 8, 19L9.

Construction on Cambridge Diversion Dam was started November 17,
1947, and eompleted in December 1948. Work on the Cambridge Canal
system was commenced June 12, 1948, The section between the diver-
sion dam and Arapahoe which is about 12 miles long has been completed
and an 8 mile section between Arapahoe and Edison is now under
construction.

Reservoir capacitiea

A total storage capacity of 92,300 acre~feet in Medicine Creek
Reservoir is allocated as indicated in table 120.

The water supply study presented in this report has been worked
out on the basis that there will be 15,000 acre-feet of sedimentation
in the first 50 years of operation. This estimate of 15,000 acre-
feet was based on very limited data. Reecent studies using subsequent
records of sediment on Medicine Creek indicate that sedimentation may
be approximately LG6,000 acre-feet in the first S0-year period.

Table 120.—S5toraye allocation in iledicine Creek Reservoir

- TO-Year 100-Year
Elsv, Initial conditions conditions
(rt.) condition 15,000 ac=-ft 30,000 ac=ft
e gsediment seddment
Accum, Alloc. Accume Alloc. Accum. Alloc,
Dead storage 6,000 800 0
Canal outlet 2335.0 6,000 80O 0
Active irrig,
storage 3,000 2li,200 10,000
Irrig, storage
pool top 2366,1 L0,000 25,000 10,000
Flood control
storage 52,300 52,300 52,300
Top flood
control pool 23B86.2 92,300 77,300 62,300
Total capacity 92,300 17,300 62,300
22y
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Cambridge Unit

If the results of studies in the future substantiate the con-
¢lusion that the original capacivy for sediment storage was under-
estimated, present plans for increasing the storage capacity avail-
able for irrigation may have to be carried out. This may call for
allocating the present water surcharge storage space to flood control
storage and redesigning the present spillway section to pass the
maximum design flood.

At the present time, a proposed plan is being initiated to de-
velop a watershed treatment plan on the Medicine Creek watershed
which would serve to reduce the sources of sediment and debris inflow
ta the reservoir. This would be a cooperative program between the
Soil Conservation Service and the Bureau of Reclamation. Previous
survey experience of the Soil Conservation Service in an adjacent
watershed indicates that such a program would be very beneficial.

If the plans for redesigning the spillway section cannot be
confirmed, it may become necessary to release irrigatlon water from
other reservoirs to satisfy irrigation demands under the Cambridpge
Unite

Finally, reference is made to the operating agreement between
the Bureau of Reclamation and the Corps of Engineers wherein the
loss of reservoir capacity, exceeding 10 percent of the present al-
location for either irrigation or flood control is to be redistributed
accordingly.

The method of distributing sediment in the reservoir was de-
scribed under the Frenchman Unit, Operation studies were based on
conditions assumed to exist in the reservoir at the end of 50 yeara,

Areas served

Cambridge Diversion Dam, near Cambridge, Nebraska, will be used
to divert water from the Republican River to 17,230 acres including
about 1,655 acres presently irrigated by pumps in the Cambridge Unit,
There are 665 acres of irrigable lands in the Cambridge Unit which
have been excluded from the Frenchman-Cambridge Irrigation District
and are also excluded from the area furnished water in this study be-
cauge they are or can be irrigated from existing wells. At the time
the Frenchman~Cambridge Irrigation District was formed the owners of
these lands petiticned to be excluded {rom the District.

Detailed land classification surveys show there are 15,630 acres
to be served by the Cambridge Canal, which is now under construction,
on the north side of the Republican River between Cambridge Diversion
Dam and Alma, Nebraska. This canal will be approximately L7 miles
long and will have an initial ecapacity of 325 second-feet. Tha Holbrook
Cahal,f19 miles. long,and with an initial capacity of 36 second-feet, will
be' construbted to sepve 1500 acres. This acreape was determined by land
classification surveys which were complete except for detailed

]
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Cambridge Unit

topography, The Holbrook canal is located on the south side of the
Republican River between Cambridge Diversion Dam and Holbrook,
Nebraska, The areas to be served under the Cambridge Unit are shovn
in exhibit 2.

Table 12l.-—Areas served under the Cambridge Unit,

Canal TFresently irrigated New lands Total
(acree) (acres) (acres)
Cambridge 1,348 1,282 15,630
Holbrook __307 1,293 _1,600
Total 1,655 15,575 17,230

Water Resources

ledicine Creek rises in a sand-hill area in the south central
part of Lincoln County, Nebraska, and flows southeastward about
70 miles to its confluence with the Republican River near the town
of Cambridge, Nebraska. The contributing drainage areas above the
near Cambridge gaging station and above Medicine Creel Dam are
687 square miles and 656 square miles, respectively. This does not
inelude approximately 150 square miles of sand-hill area drainage
which does not econtribute to flood runoff; however, the sand-hill
drainage contributes much to a sustained base flow of from 15 to
50 second-feet throughout the year in Medicine Creek, Summer flows
are characterized by occasional large flows due to summer storms.
lielting snow contributes little to surface runoff.

Available stream-flow records

Strean~flow records of Medleine CUresk near Cambridge and the
Republican River near Cambridge have been used in detemining the
water supply which will be available to serve the Cambridge Unit.
The perinds of historical record are indicated in table 1, and ex-
hibit 3. The locations of the stations used in the study are shown
on exhibit L.

Records of the flow of Medicine Creek near Cambridge prior to
Jetober 19L0 are based upon staff-gage readings and they are only
considered to be fair records. [low records since October 1940 are

based upon water stage recorders and they are considered to be good
racords except for periods of ice effect wnen all records are
congidered to be poor.
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The records of the flow of the Republican River near Cambridge
are all based upon staff-gage readings. They were read twice daily
and are considered to be fair records except for periods of ice
effect when they are considered poors

Stream flow correlations and estimates

Historical records of stream flow on Medicine Creek and on the
Republican River near Cambridge are not available for the entire
period of the water supply study, 1929-L7, therefore, the use of
correlations with available records at other stations was necessary
in order to complete the records for use in the operation studies.

Ooncurrent historiecal records of Medicine Creek near Cambridge
were correlated with records of Frenchman Creek flow at the mouth
near Culbertson, adjusted to virgin flow, table 122, and by use of a
curve, exhibit 33, The missing period was completed as shown in
table 123, The virgin flow was computed by adding censumptive use of
irrigation water by lands irrigated historically under Culbertson
Canal., Portions of the pericd in this table were also completed by
use of records of Red Willow Creek near Red Willow, table 87, and a
correlation curve, exhibit 29, showing values of congurrent records
of Medicine Creek and Red Willow Creek near Red Willow.

No records of historical runoff of Medicine Creek at Iedicine
Creek Dam were available for this study. Estimates of this historical
runoff at Medicine Creek Dam, table 124, were computed by multiplying
the estimated flow of Medicine Creek near Cambridge, table 123, by
the ratio of the respective drainage area of the two points. The
drainage area at the dam site is 656 square miles and the drainage
area at Cambridpe is 687 square miles, The drainage area above the
dam is thus 95.5 percent of the Cambridge drainage area. The missing
period of flow records of the Republican River near Cambridge,
Nebraska, were estimated by correlating with adjusted records near
Bloomington, Nebraska, Historical run-off records collected near
Bloomington, table 128, were adjusted by subtracting table 127, the
sun of the flows of Sappa Creek near Stamford, Nebraska, and Prairie
Dog Creek near Woodruff, Kansass This adjustment was necessary to
eliminate any flood flows that occurred in the drainage area above
Stamford and Woodruff, The adjusted flows near Bloomington shown in
table 126, were then used in establishing the correlation curve
prasented in exhibit 3L. Flows for the missing period of record of
the Republican Hiver near Cambridge, Nebraska, table 125, were es=
timated by entering this curve with the adjusted records near
Bloomington, Nebraska, table 128,

Ground water

The information on ground water as presented in this discussion
was obtained from Parts I and I of Water Supply Paper T, which is a

e2?
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Table 122.—Virgin Flow of Frenchman Creek at Culbertson, Nebraska (at Mouth) a/

(1000 acre-~feet)

Year Oct. Novs Dec. Jan, Feb. Mar, Apr, May June July Aug, Sept. Total
1929 7.0 11.0 9.9 8.3 9.3 121 11,2 10.8 8.8 5.3 3.0 3.2 100,7
1930 L6 8.9 10.h  10.7 9.4 10,0 8,8 9.8 Ta7 Tt B.6 6.1 102.7
1931 9.1 10.3 9.5 8.8 8.6 9.0 Bu6 6.6 3.3 S5 By9 L6 92,8
1932 5.2 8.6 9.2 9.5 9.8 12,7 9e3 5.5 B.9 5e3 Te1 3.7 94,8
1933 3,9 6.1 8.2 11.1 11,1 12,2 9.2 7.2 L. L1 942 12.7 99.1
193 8.4 5.6 12.0 11,7 10,7 10.9 T+6 L.6 10.5 5.0 L.l Cel 97.1
1935 k.2 L0 10,1 10,8 9.2 11,1 7.8 29.8 22.9 9,6 L.B 6.2  130,5
1936 5.2 7.8 9.7 10.1 10.3 11,7 9.4 9.8 8.5 5 3a 3.8 9L.1
1937 2.7 5.9 9.3 7.1 9.0 9.7 7«5 L6 10,2 53 L,2 L3 79.8
1938 2.9 Sl 9.1 9.8 9,1 9.1 8.9 8.8 11,6 6.3 L,L 7.0 52,4
1939 3.9 L. 8,2 9.8 8.1 9.9 9.9 5.2 6.6 5.3 L.2 3,8 79:3
1940 3.3 2.5 6.8 6,9 10.3 11.6 9.3 5.3 2L.6 S.8 5.1 L7 96,2
1941 6.6 6.8 12,8 ¢ & 0mx S 75 O T e N AT ¢ 9.0  10.4 8.5 Le3 3.4 10L.8
1942 B.7 9,0 9.5 9.1 10,1 12,6 12,6 14,0 12.6 6.7 5.3 10,0  120,2
1943 9.9 9.6 10.L 2.8 9.8 10,7 9.1 5.5 9.6 L,5 3.6 3.9 96,k
19“4 h.? 7.5 B.a 9'0 10,6 -1-1-8 m.h 12.3 10.0 9.2 5-2 h.? 107.7
1945 6.3 7.8 9.k 9.4 9.L 9.l 9,2 6.0 12.5 6.8 5.0 5«9 97.1
1946 9.5 8.3 8.1 9.8 g2 | A0.3 8.5 6.4 7.1 10,1 kol 7.6 99.0
1947 12.5 11,2 10.2 9.9 9.7 10.7 10,0 8.0 1.4 10,1 5.8 b1 113.6
Total ———

év_E! 6.2 7-11 9!6 9‘6 9-? mtB 9-6 BI9 mc? 6.6 Soh 5.5 mlo

a/ Computed by adding consumptive use of irrigation water by lands irrigated historically under Culbertson

Canal,
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Table 123.--Historical Runoff of lfedicine Creek near Cambridge at Moutho 3/ Discharge in 1,000 acre-feet.

Year Oct. Nov. Dec. Jan,  Feb,  Mar. Apr. Nay June  July  Auge  Sept.  Total
1929 1.7 2.8 2.8 2.6 2.7 L.0 5.0 5.5 L. 8 2.7 ;g 3 3848
1930 3.4 L.6 L.3 3.8 3.5 4.0 5.0 Lke6  10.0 8.2 AN 1.8 59.6
1931 5.0 4.0 L7 5.0 4.8 .6 b7 k.7 2 1.9 1.8 1.0 L5.3
1932 3 3.4 3.6 3.8 3.9 5.0 6.3 3.6 6.0 3.5 Le7 2.4 19.6
1933 2.6 2.4 3.2 Lol L.l .8 6.2 4.8 2.7 227 6.2 8.7 53.1
1534 5.6 2.2 L.7 ) Lis3 Lia3 5.1 3.0 7e2 3.3 2.9 3.8 51,0
1935 2.7 1.6 3.9 ka3 3.6 Ly 5.2 21.0 16,0 6.5 3.2 L1 76.5
1936 3.4 3.1 3.8 3.8 Ll L.6 6cly 6.6 Se7 2.6 2.6 2.5 L9.3
1937 2.5 2.9 2.6 2.1 2.9 3.9 3. 2.8 6.4 LS 5.5 2.8 k2.2
1938 2.5 3,0 3.0 2.8 2.9 3.8 3.9 T3 k1 B.0 2.7 2.6 166
1939 1.9 2.4 242 2.6 2.4 3.9 4.9 3.0 9.6 3.5 2.9 1s2 LO.5
1940 1.9 2.L 2.6 2.9 3.8 k.0 L5 3.2 19.8 9.9 5.6 6a2 6648
19l 2.8 2.9 be7 Te2 6.5 4.0 heS 13.6 16,7 12.8 3.7 136 92.5
1942 k.2 3.h 3.2 3.6 3.2 11.8 21,0 67 © In2 2.8 3.7 7.8 82.6
191]3 3.0 3.5 bll 3.}.1 3.9 3.6 3.? 3'3 5’9 3 9 2.6 3-2 h-h-tl
194k - 0 3.2 2.4 3.2 Lh.2 6.0 15.2 8.3 Teli 18,2 9.8 2.1 B2.1
1945 2.7 3.4 3.2 3.8 4.5 3.7 3.3 Teld 21«5 3.4 3.8 6e2 66,9
1946 3.2 3.1 2.6 3.6 3.3 k.0 2.8 7.9 5.8 k.o 1.8 32 5.3
1947 23.0 3.9 3.5 3.3 3.8 k.3 3.7 3.5 67.1 9.2 X o & 3.0 131k
A?I

1929"‘h7 hn 3 l 3 h 3 ? 3 8 Ll 6-0 6.‘-& 12-1 5. 3 9 hl 610

a/ Periods Oct. 1931 through Sept. 1936 based on correlation of Medicine Creek at mouth with Frenchnan Creek
(virgin flow) at mouth, (On Nov, = Mar. basis and Apr. = Oct. basis.)
Oct. 1928 through Septe. 1931; Oct. 1936 through Sept. 1943; and Oct. 194k through Sept. 1947 are records.
Oct. 19L3 through Sept. 19Ul based on correlation of Medicine Creek with Red Willow Creek near Red Willows
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Table 12L.~—Estimated Historical Runoff of Medicine Creek at Medicine Creek Dam Site 5/

{Uhit 1000 acre-feet)

Yo Ot Wou, s Dees  Jan Feo, W, v Ty Jwe —July sl Sept. Tomal

prr————————

1929 L6 2.7 2.7 25 2.6 3.8 LB 53  Lb 2.6 1.0 3.0 37s2
1930 3.2 Lel L1 3.6 3.3 3.8 L.8 bk 9.6 7.8 6al 1.7 5648
7931 L.B 3.8 L5 k8 L6 5L L5 k5 20 1.8 1,7 L0 L3.4
‘1.932 3.3 3-2 3-,4 3-6 3-7 h.B 600 3.1! 5-7 3-3 L‘S 2-3 h?tl
% 2!5 2.3 3'1 h-z hoa ht6 5-9 h-6 2-6 2.6 5-9 803 50-8
3L 5.3 2.1 L5 bb k1 k1 L9 2.9 69 3.2 28 3.6 18.8
355 2.6 1.5 3.7 Lol 3.4 L2 5.0 2041 15.3 642 3.1 3.9 73.1
§936 3.2 30 3.6 3.7 3.9 Il 61 6.3 Bl 2.5 25 2.k L7.0
1?3? 2 }J, 2.8 2. S 203 2-8 3a 7 2.9 2. 7 6.1 b.3 5-3 217 hOi 5
193F 2.4 2.9 2.9 2.7 2.8 3.6 3.7 7.0 349 7.6 2.6 2.5 Ll 6
159 1.8 2.3 2.1 2.5 2.3 3.7 L7 2.9 942 3.3 2.8 1.1 3847
PLO L8 2.3 2.5 2.8 3.6 3.8 L3 3.1  18.9 945 5.3 549 63.8
wir 2.7 2.8 L5 6.9 6.2 3.8 L3  13.0 159 322 3.5 12,5 883
19112 hno 3.2 301 3-1]. 3-1 11.3 20‘0 6.& 10.7 2.? 3.5 ?Ih ?a.s
ou3 2.9 3.3 3.9 3.2 3.7 3.k 3.5 32 5s6 3.7 2.5 3.1 k2.0
Pt 2.0 3.1 2.3 3.1 L0 5.7  1heS 79 7.1 17k 9uls 2.0 765
awls 2.6 3.2 3.1 3.6 L3 3.5 3.2 Tel  20.5 3.2 3.6 5«9 63.8
146 3.1 3.0 2.5 3.k 3.2 3.8 2.7 7.5 5.5 3.8 1.7 3.1 L3.3
19“7 22.0 3-7 3.3 3.2 3-6 hol 3.5 3‘3 611-1 8.3 300 2.9 125'5
Total
Ave 3.9 2.9 3.3 3.6 3.6 L5 5.8 6.1 1145 5.6 3.7 L0 58.5

. tO be 95.53_f The ilow at the mouth. Drainage area ratio (656)
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Table 125.~—Historical Runoff of Republican River at Cambridge, Nebraska (Cambridge Diversion Dam) 5/

(Unit - 1000 acre-feet)

Year _Oct. Wov. Dec. —Jan. Feb. War, fApr, Way  June  July _ huge  Septs Total

1929 19«5 21.0 19,5 17«0 13.0 LS.1  39.1 42,0 77.6 L6« 8.8 Ts2 355.9
1930 11.0 22.2 23.1 19.6 19,6 27.6 Hl4O0 63,0 760 2.4 21,4 350 380.9

1931 59.8 42,1 31.0 28,5 3Le7 37,5 LOs6  33.8 33.8 8.0 1e2 2.3 353.3
1932 2.6 101 100 12.8 3hels 38,0 26,0 19.8 A0 Ase7 22,2 el 276.0
1933 5-1 8.2 19.!) 23- 5 19- 5 23.5 h?to 50-9 10.5 7.1 '-15.0 65.6 330.6
193 17.5 17¢5 300 27«4 23.6 28.6 22.5 T2  L7.9 Laly 2.6 1745 2L6s7
1935 L8 10,1 1hS 242 20,8 27.0 23,1 222.4 L47.9 h1.0 L6.8  LB.6 9312

1936  1hL.8 206 22,5 18.5 13.4 36.0 23.7 BLsS  39.8 3.1 1.6 6.0 28L.6
1937 2.4 11,5 16.4 8.8 27.5 29.9 19.0 19.6 L7.0 2740 2745 1740 253.6
1938 6.t 11.7 13.5 2Le3 22.2 29.2 31.5 Sl.L L6a 7 L3.6 33.0 36.8 350.3
1939 6.1 9.2 15.5 16.8 141 32,7 32,4  27.2 6leS  25a7 1946 09 2607
21940 0.8 L.2 1.l 7.9 el  36.8 22.7 16.7 57.0 15,5 11,9 7.0 206,0

941 164 111 9 2042 29,2 30.8 3345  U6s3 10Le0 B04O 51,5  Lbek L85.3
942 30,5 2W2 22,4 20,0 3040 561 ST.2 L8.8 9.8 13,8 18.7 34.0 L05.5
1943 26.0. 270  -aBusl 3ABs0" - T2, A | 281 ¢ 3egey 2531 5e9 b5 Se2 250.1
19kl 3.4 8,0 11,0 16.1 28.5 35,0 76.0  58.9 Bl.6 9842 24s% Le3 11849
1945 12.4  16. 208 25.4 28,1 25.2 32.2 30.0 102.6 22,1 15,2 13.6 344.0

k6 18,0 1847 15,4 248  27.0 31.5 18.4 3B,  28.3 T0+1 56 1ha2 310. L4
1347 102.1 k1.0 28.6 22.7 26:5 39.1 36,5 36,0 157.h 38,1 S.1 3.7 536.8

Total
Average 1849 176 19.L 15.8 2h.1 34.0 3k.2 4842 81.1 30,8 19.3 20.0 367.6
2/= Records are as follows:
June through Oct. 19L2; Apr. through Oct. 19L3; Aprs through Oct. 19L4l3 and Oct. 1945 through Septs 15L7.
All other months, with the exception of May and June 1935, based on a correlation with the Republican
River at Bloomington, Nebraska less Sappa Creek near Stamford and Prairie Dog Creek near Woodruff. May
and June 1935 based on adjusting the pickup between Culbertson and Bloomington by river mileage basise
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Table 126.—Runoff of Republican River at Bloomington minus runoff of Sappa and Prairie Dog Creeks

(Unit - 1000 acre~feet)
Mar. 4 Mz

Nov. Dec. Feb.

1929 20.5 22.0 20,6 18.,2 13.7 19.9 Lh2.0 LhS.B 92.8 51,0 9,0 Tok 392,9
1930 11.7 23.5 2b.1 20.8 20.7 28.7 Llhely 6.4  99.5 22+3 22,5 37.5 L32.1
1931 70.6  LS5.9 32.8 29.8 36.9 L0.0 U5.7 35.7 35.6 8.3 142 2.4 38L.9
1932 2.7 10.8 10.3 13,3 36,6 LO.L  27.0 20.9 90,0 15.5 23.3 15.0 305.8
1933 5.3 8.8 20.2 2L.8 20,9 2943 52.0 57«5 11.0 7«3 496  B80.9 367.6
1934  18.5 18.6 31,6 28.6 2L.6 30.0 23.6 7s5 533 Le6 2,6  18.5 262,0
1935 L9 10.9 15.1 25.3 21.8 28.0 2L.1 79.6 526.2 Lle2 51.8 SLs 7 88646
1937 2.5 12.0 17.5 9.0 28,8 31.3 20.0 20,8 52.0 28.0 28,7 18.0 268,6
1938 6.7 12.1 1L.1 25. 23.4 30.L 33.1 £8e5 51.6 L78 35.0 39.0 3772
1939 6.3 9.7 16.9 17.9 15,1 3L.6  3L.3 28el 78a7 26,9  20.8 0.9 290.5
1940 0.8 Le3 12.0 8.1 15,0 39,0 23.9 17.8 66,8 16,7 12.L Be7 22545

9la 17.5 11.8 15«5 22.44 30.6 32.6  35:5 61,3 155.7 106.7 586  5l«2 589.4
1942  32.3 25.5 23.6 21,1 31,6 65,2 67.3 SLhe8 109.1  22.2 31.1 T1le2 555.0
1943 2L.3 2840 30.0 19,0 33,1 33.9 53.3 2% Bme7 Il 16 2.2 30946
194l 1.3 8.2 11.5 172 30.0 37«2 103.7 63,6 100.L 753 34,0 6.6 L89,0
1945 9.8 17.6 21,9 26,7 2943 26,6 3k  31.7 152.2 23.1 16.1 1Lk L03.5

1946 17.9 175 10.8 2163 29.7 33.1 19.9 3847 2945 65s6 16.8 L3.8 3LL6
1947 192.7 LB.2 345 20,5 28.5  U5.7 371 L0 2757 61.8 10«2 5.8 8011

Average 2!1'3 18-8 20.’4 20-1& 25-h 36.1[ 3902 h5-6 1@.0 33.8 22.11 250‘4 h21o1
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Table 127.--Run-off of Sappz Creek at the mouth plus FPrzirie Dog Creek at the mouth

(Unit = 1000 acre=feet)

Year Oct.  Nov,  Dec.  Jan. Feb.  Mar. Apr. Mgy  June  July  Aug.  Sepb. Total
1929 2.k 0 2.8 0.3 0 9.6 b3 1.9 16,2 19.1 3.0 1,2 69,8
1930 ’419 Doh 0-11 0.6 5-1 1-07 hoB nﬂ.h 3605 ,-Ioa 9.3 8.8 Bh‘?
1931 28.1L 8.0 5.5 4.3 3.9 5«9 2.6 6:1 5,6 1.2 23.8 2.2 104 .5
1932 1.3 1.6 1.6 1.5 18.7 2.5 2.8 6.2 8.2 2.5 3.6 L.9 55l
1933 0 0. 1.3 1.3 0 3.3 1.6 15,1 2.5 1.1 0 12.5 51,7
1934 1,1 2.3 3.8 2.8 0.9 Ll 2,7 1.4 1.2 0.7 0.1 5.7 Lo.o
1935 0.3 0.9 0 j 55§ 0.9 1.8 g P IO I TN R - P 5.2 4.1 16.6 115.7
1936 2.9 L.k 1,5 0,5 0 T2 0.8 24,9 7.0 0.k 0 1.7 51.3
1937 0 0.1 0.h 0 5.9 T 0.9 3.5 LB8.9 5.0 19,4 7.7 95.3
1938 0.3 0 ] 0.3 0.4 1,1 3.6 13,9 31.5 10.8 3al 1,7 66,7
1939 0 0 0.1 0 0 0.9 .47 - 3153 43052 6.5 1,9 0 5243
1940 0 0 0 0. 0.k 0.4 0 3.3 3.9 25.3 11,7 2.7 STaT
1941 1.7 0 0,3 0.k 1.5 0.5 8,3 9.7 102.5 L2.9 19.8 L6.,5  23h4.
3—9]42 5.9 209 2.? 2.2 2.9 3-7 2012 ll.h 51.7 1818 29.0 9.2 160.6
19L3 2.4 .00 233 Re3 oL T L.8 1,9 17.2 2.0 1.6 Le2 45,8
19LL 0 0.3 0,3 1.3 1.0 1.5 114k 25,5 20.7 113.9. 30.0 L,7  210.6
1945 - B 2.k 2,5 2.3 2.k 3.3 3.7 357 15,0 26,0 346 Ok 68,0
1946 0.2 0.4 0.5 0.5 0.7 %3 0.7 9.3 6y  19.6 2 6,5 8.2
1947 88,6 11,9 7.1 L9 L6 10.9 5.1 5.4 121.0 19.6 56 1,6 2B6.3
A?ex'age 7.5 2.0 1.7 10'—1 2-? 3-5 5-6 11.2 30.0 17.1 9.5 ?.8 99.8
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Pable 128,—iistorical flow Republican River near Bloomington a/

1000 acre=feet

fear Oct. Nova Dec. Jana Febs Mars  Apra _Haﬁr June M. Septe Tota_;
1929 22,9 22.0 23,4 18.5 13.7 595 L6e3 5667 109.0 T70.1 12,0 Ba6 L6247
1930 16,6 23.9 2L.,5 21.4 25.8 30.4  LB,7 BLe8 136.0 26,6 31,8 L6e3 51648
1931 99.0 53.9 38.3 3hkad L0.8 L5,9 5503 L1.B  Lle2 9,5 2540 Leb  LB9.L
1932 k.0 22k 12,9 1h.8 55.3 L2.9 20,8 27,1’ 98,2 1B.0 2649 19,9 61,2
1933 Ca3 B8 21.5 2641 20.9 32.6 66a6 T2e85 13.5 Bali  L9s6 934L %43
193k 19.6 20,9 35.4 314 25,5 3L.L 26,3 8.9  67.h 5.3 247 2bk2  302,0
1935 be2 11,8 15,1 26,k 22,7 29.8 275 121.3 555.9 L9l 65.9 71le3 100243
1936 18.5 25,8 25,1 19,9 1k.3 L5.7 25«0 1L045 51.7 3.6 1.7 7.9 380.3
1937 2,6 123 Ai7%% 9.0 3L.7 3k4.8 20,9 2Le3 100.9 33.0 L8,2 25.7 363.9
1938 7.0 12,1 1L, 25,8 23.8 31.5 36,7 T2al 83,1 58,6 381 10«7 Ll3.9
1939 643 9.7 17.0 17.9 15.1 35.5 35,7 39,7 108.9 33.L 22.7 0.9 3L2.8
1940 0.8 L3 12.0 8.1 15.k 39.L 23.9 21.1 70.7 L2.0 2h.1 21.l 28342
1911 19,2 11,8 15.8 22,8 32.1 33.1 I3.8 6l.0 258.2 1h9.6 T8l 97.7T 02345
19L2 38,2 28,4 2643 23.3 3Ls5 6849 875 6652 160.,8 U1,0 60.1 804l TAS6
1943 26,7 29.7 32.3 2143 35.8 3646 Sl 23,3 679 1Ll 322 6.4 35544
1944 1.3 8.5 11,8 18.5 31,0 38.7 115,31 8941 121.1 189.2 6L.C 11.3 699.6
19LS 12.5 20,0 2hok 29.0 31.7 299 37.8 35.k 167.2 L% 19,7 1k.8 LTL.S
1946 18,1 17.9 131.3 21.8 30,4 35.k 2046 LBs0 3549 8542 1749 50.3 392.8
1947 281.3 60.1 LU1.6 25, 33.1 5646 L2.2 LS8 396.7 Bl 15.8 T4 1087.L
0 30L.1 I9.7 I05.5 536.6 76L:6 L, 1000:0 20LL.3 067s5 ©607.7 G332 9913.6

20,8 22,1 21,9 28.2 L0 Lh.7 568 139.2 50.% 32,0 33,3 521.8

A - 31.6
3—? Oct, 1520 = Apr. 1929 based on yearly discharge correlaticn with Hardy, Nebrs Other values are

records.
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Cambridge Unit

publication of the Nebraska Water Resources Survey, and from informal
talks with farmers throughout the region. 1/

The Republican River Valley has an average width of about two
miles in the Cambridge Unit area. The valley is characterized by a
buried channel with relatively low bedrock and ccmparatively thick
overlying deposits of water~bearing sand and gravel, Both north and
south of the valley the sand and gravel deposits are capped by a
relatively thick mantle of loess except where streams tributary to
the Republican River have cut through the loess cap, As a result,
recharge of the underlying ground-water reservoir from local precipi-
tation is limited. It is believed that, because of these circum-
stances, the intensive development of large ground-water supplias in
the areas north and south of the Republican Valley will necessarily
be restricted. However, within the valley optimum conditions prevail
for the infiltration of precipitation that falls in the region, be-
cause the valley soils are permeable, thus allowing percolation to
the underlying sands and gravela, Conditions are likewise favorable
in the valley region for direct recharge to the ground-water reservoir
from stream flow, In addition, the ground water in the Republican
Valley region receives steady contributions from upland areas north
of it in the form of water moving in toward the valley. Sirce the
soils in the valley are generally permeable, it is expected that most
of the return flow waters, resulting from irrigation developments,
will seep to the ground water and then return to the river. Return
flow waters should increase the ground-water supply and make it
possible to obtain a larger and more dependable yield from the ground
water than is possible abt present.

Profiles of the Republican River near Arapahoe and near Alma
are shown i{n exhibits 35 and 36, The water-table ranges from about
L feet to 20 feet below the surface of the ground.

Although the profiles show that the water-bearing layer of sand
and gravel is relatively uniform in thickness, informal talks with
farmers about farm wells reveal that it varies considerably in thick-
ness throughout the regilon. In many locations it is too thin teo
yield a sufficient guantity of water. In other locations it is some-
times difficult to obtain a sufficlent yleld because the fine-grained
sands too greatly restrict the flow of water into the well, even
though there may be a good supply of water contained in the water-
bearing layer. The better producing wells are predominantly on the
south side of the river, because here the impervious chalky shale

}/ Ground water in the Republican River Basin in Nebraska, Part I
Nuckolls, Webster, Franklin, and Harlan Counties, and Part TI
Furnas County, by H. A. Waite, E. C, Reed, and D. 5, Jones Jr.,
Published by the Unilversity of Nebraska, Conservatlon and
Survey Division.
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Cambridge Unit

bedrock has been scoured out more deeply and there is generally a
greater thickness of water-bearing sand and gravel overlying the
shale than is generally found on the north gide. The maximum thick-
ness of saturated water~bearing material oceurs in a narrow band
extending from a point about 2 miles southwest of Holbrook to the
Red Willow-Furnas county line west of Cambridge.

Wells have been developed more successfully along the river on
the bottom terrace than wells on the second terrace. Some wells
have been developed on the second terrace on the south side of the
river; however attempts to develop wells on this terrace along the
outer rim of the valley have not always been successful. This is due
to the variation in thickness of the sand and gravel layer.

A narrow buried channel exists in the valley of Medicine Creek.
The water table in the valley is at a relatively shallow depth and
there is a possibility that some direct recharge to the ground-water
regervoir from the stream flow occurs, There are possibilities of
developing small water supplies in places where there is sufficient
thickness of underlying saturated water-bearing material, A profile
of Medicine Creek about 2 miles north of the Frontier-Red Willow
County line is shown in exhibit 37,

Tt 1s not expected that extensive development of ground water
will take place after a gravity system for irrigation is installed,
because of the capital investment, heavy depreciation, scarcity of
well locations, and upkeep costs necessary to maintain and operate
the wells and pumps,

A cooperative program between the Bureau of Reclamation and the
Ceological Survey has been established for the study of the ground
water in the Republican River Valley. This program will establish a
history of the conditions which will be used as a basis for observing
ground-water changes resulting from irrigation.

There are 27 observation wells located in the Cambridge Unit on
the north side of the river and & wells located on the south side
that are being read monthly by the Geological Survey. Thirty-ons of
thege wells were jetted by the Geological Survey during May and June
1950 and were added to the observation program. The Bureau of
Reclamation has requested the Geological Survey to prepare depth to
ground water and water table contour maps of this area on the north
side of the river by December 31, 1950, and July 1, 1951, respectively.
The Bureau has also requested the Geological Survey to drill 25 addi=-
tional observation wells on the south side of the river under the
Holbrook Canal and add them to the observation program for minimum
coverage. They were also requested to prepare depth to ground water
and table contour maps of the area by October 1, 1951,

2Lo
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Cambridge Unit

Quality of water

The criteria used in determining the quality of water permissable
for use in irrigation are described under the discussion of quality of
water for the Frenchman Unit,

Analyses of the mineral constituents of Medicine Creek near
Cambridge and of the Republican River near Cambridge have been made
by the Geological Survey. These analyses, taken during 1947 through
1949 are listed in tables 129 and 130, Table 131 lists analyses of
ground water taken from wells at Cambridge, Arapahoe, Oxford, Orleans,
and Alma,

Total salt concentration and sodium percentage of the water
listed in tables 129 and 130 are plotted on charts, exhibits 38 and
39, These exhibits indicate tnat the stream flows of Medicine Creek
and of the Republican River are of excellent quality for irrigation
with respect to total salts and percent sodium. The boron concen-
tration of these waters is low enough for the water to be classified
as excellent or good for growing crops clasgified as sensitive to
boron.

Hypothetical chemical combinations were made by drawing bar
graphs of chemical equivalents showing the relationship of the car-
bonates and bicarbonates to the calcium, magnesium, sodium, and
potassium. These bar graphs indicate that in two samples out of
seven on Medicine Creek and eight samples out of the fourteen taken
on the Republican River there were some concentrations of sodium
carbonate or bicarbonate.

Analyses of ground-water samples taken from city wells at
Cambridge, Arapahoe, Oxford, Orleans, and Alma have been made and are
listed in table 131, These wells ranged in depth from LO feet at
Oxford to 72 feet at Arapahoe. FExhibit LO indicates that the ground
water in the unit is satisfactory for irrigation insofar as percentage
of sodium and total salts are concerned. The largest amount of boren
reported in any of the samples analyzed is 0.1l p.p.m. which is not
enough to cause damage to the plants most sensitive to boron, A
gtudy of the sodium carbonate or bicarbonate concentration indicates
there is no damaging concentration of these salts in the ground
water of this area.

A1l of the communities in the Republican River Valley use water
pumped from wells for domestic water supplies and it ig not anti-
cipated any of them will wish to use project water in the future.
Por this reason no data is presented to show the extent of pollution
of surface waters in this report.

The Public Health Service has prepared a detailed report showing
the extent, types, and major sources of pollution of streams in the
Kansas River Basin, 1/ Minimum stream flows necessary below

1/ "Kansas River Basin Water Pollublon Investigation," Federal
Security Agency; Public Health Service, June 19L9.
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EXMIBIT & - ammu FOR USE IN INTERPRETING THE ANALYSIS
&tn SAMPLES
Memcme CREEK NEAR CAMBRIDGE , NEHRABKA
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EXHIBIT .2 DIAGRAM. FOR USE IN INTERPRETING THE ANALYSIS
' OF WATER SAMPLES FROM
REPUBLIGAN RIVER NEAR GAMBRIDGE , NEBRASKA
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EXHIBIT &4 umsam FOR USE IN INTEHPRETING THE ANALYSIS

)

SODIUM  IPERCENT
2 2

F WATER SAMPLES
wsLLs IN cmamnas UN!T AREA

PERMISSIELE

DOUETFUL
10
UNSUITABLE

! ) s, rm |
UNSUITASLE

L

| 55

TOTAL CONCENTRATION AS ELEGTRICAL CONDUCTIVITY

USDA CIRCULAR NO. 784, MAY 1948

"EXPL ANATION AND INTERPRETATION OF ANALYSIS OF

IRRIGATION

WATERS "

LV wiLCOX

b2 o
DOUBTFUL

= -
I35 —
- |
- s
e oV

S0 e
S Z a0 4
| EXCELLENT, ko 8000 DOVB TPUL el

et e [ ™o !
. ocod® |  PEAMmSIBLE UNSUNTABLE :
e | TP et Wy e 0| %

o 800 000 1600 2000 2500 3000 3800

KS002468



Cambridge Unit

reservoirs for sanitation are listed in the Public Health Service
Report and are discussed in the section of this appendix discussing
releages for Public Health Service.

Water Rights

TInformation concerning the water laws of Nebraska appears under
the discussion of water rights for the Frenchman Unit, Claims and
applications to water rights in the Medicine Creek drainage area and
on the Republican River between Cambridge and Harlan County Reservoir
appear in tables 132 and 133.

Active water rights

There are 12 provisional grants for water rights which total
6.79 second-feet in the drainage area above liedicine Creek Reservoir,
Because the water rights above the reservoir have not been exercised
throughout the period of study it was necessary to include the acre-
age irrigated by their use in the 1,650 acreage which will be de-
veloped by private development, This was done in order to insure a
full water supply for these rights. For the purpese of this study
the historical use by these rights has been considered negligible and
the historie records were not corrected for this use, Storage at
Wellfleet Reservoir of BO acre-feet will not affect the project water
supply except for evaporation losses from the reservoir, which would
have been reflected in past stream-flow records.

In the Medicine Creek Reservoir area there are S claims to a
total of 2.96 second-feet of Medicine Creek {lows. Due to the con-
struction of Medicine Creek Dam the use of these rights will neces-
sarily be discontinued, It is assumed that the water rights under
appropriation filings numbered 2686 and 2687, dated January 27,
1937, will be assigned to the appropriation filing by the United
States of America, application number 3500, dated May 1, 19L6, for
for right to store U0,000 acre-feet of water from Medicine Creek for
irrigation purposes, A letter of July 16, 19L1, from the State
Engineer, Nebraska Department of Roads and Irrigation, to the Chief
Engineer, Bureau of Reclamation, states that there is on file in the
office of the Nebraska Department of Roads and Irrigation a resolu-
tion, dated July 5, 1941, by the Board of Directors of the United
Public Power and Irrigation District stating that water rights
claimed in filings numbered 2686 and 2687 may be assigned to the or-
ganization designated to build the Cambridge project. The Cambridge
Unit will inelude the same areas which were planned te be served
under the water rights clalmed in filings numbered 2686 and 2687,

Betwsen Medicine Creek Dam and Cambridge, there are 6 provisional
grants with a total right of 71,10 second-feet, however, 68.0 second-
feaet out of bhe 71,10 seecond-feet are rights claimed by the Cambridge
Mill at Cambridge.

®
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Cambridge Unit

Cambridge Mill was diverting as much as 6B second-feet from
Medicine Creek in the period immediately prior to its destruction by
flood in April 1943, The floods for June 1947 and June 1946 also
caused much damage to portions of the mill remaining after the flood
of 1943, The mill has not been operated since April 1943, In oper=
ating the mill, the wheel was rope-connected to the milling ma-
chinery. Since most of the Medicine Creek nonirrigation season flow
will be stored for project use before reaching the mill site, it will
not be possible to operate the mill during winter with water power
after development of the project.

The ovmer of the mill has indicated that he is willing to sub-
ordinate his right to the proposed irrigation project during 7 months
of the year for a consideration, however, the Bureau of Reclamation
is negotiating to have the right cancelled because of nonuse,

The water supply studies presented herein have subordinated the
right of the mill to those of the Cambridge Unit.

There are 9 provisional grants with a total right of 9.88
second-feet on the Republican River between Cambridge and Harlan
County Resarveoir. Moat of these water rights were granted during the
period of study, therefore, the historical records do not reflect
depletions for irrigating these lands throughout the entire period of
study, The lands irripgated under all but one of these rights have
been included in the 17,230 acres in the Cambridge Unit for which a
water supply has been determined in this study because they were in-
cluded in the Frenchman-Cambridge Irrigation Diastrict. Only one
farmer with a provisional grant of 0,73 second-feet has petitioned
to be exeluded from the district. The historical records have not
been corrected for the water used by these lands because there is no
record of diversion or of acreages irrigated on which to base a cor-
rection. The water use under these rights has been considered negli-
gible because the lands irrigated by their use have not received a
full water supply during the entire perioed of study, It is expected
that those who did not petiltion to be excluded from the district
will recelve water from the district and will not choose to exercise
their water rights.

Inactive water rights

Information presented in tables 132 and 133 also includes water
rights cancelled during and after the period of operation study for
the Cambridge Unit water supply.

fights which have been cancelled are as follows: 12.L9 second-
feet ahove Hedicine Oreek Reservoir, 170.00 second-feet on Medicine
Oreek between nedicine Creek Dam and Cambridge, and 215,90 second-
feet on the ftepublican River between Canmbridge and Harlan County
Reservoir,

252
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Cambridge Unit

Anticipated Use by Future Private Development

T4 is anticipated that in the future there will be additional
depletions te the watar asupply for the Cambridge Unit, 0iher dsple-
tions considered in tiis study are water uzacd by private isrlgation
developnent, water wsed by development of ponds, and water used for
municipel and industrial requirements.

Water use for private irrigation and pond development

Meld recnnnairsence and informal talks with state and county
agents were tha basic for determining the estimated maximum probable
future irrigation and pond development. The estimatad effect of
future use by pond development is considered to be very small,
averaging 100 acre~reet in liay and 100 acre-feet in Junas, or 200
acre={aet per year.

Atove Meicina Ureel Reservoir it was ectimated that 1,£€50
acres w.ll be develomed for irrigation including the land %hat is
prasently irrigated. This irrigable area is based upon lcnd classi-
fication maps prepared by the Bureau of Agricultural Ecorcuics, De=
velopnent ie dependernt upon private initiative which may be ac-
complished with the cid of the Water Facilities program of the
Department of Agrienlture. On March 20, 1942, H. P, Burleigh, rep-
resenting the Bureaw of Agricultural Economics and C. T, Judah,
repregenting ithe Bureau of Reclamation recommended that the develop=
ment in this arsa te limited to 1,L00 acres. An estimated 250 acres
of presently irrigated land was added to the 1,400 acres to obtain
the total area for privaite depletions abave Medlecine Creesk Dam. The
use of water expeciad by this new area was romputed by multiplying
1,680 aeres tiges the consumptive use of irrigation water requirements
shovn in table 1L7.

This privvate derelopment gould result from pumping from the
atream or from well development; however all expectad future use was
deplzted from the stream flow in order to impose the mosti severe
demand on the stream flow during the irrigation season. The average
annual depletion, table 134, for both irrigation and ponds is 1,700
acron={cets

Part and present use of water above Medicine Creek Reservoir is,
for the most part, already reflected in stream-flow records. Future
use for irrigation of an estimated 200 acres between Medicine Creek
Dam and Cambridge is shown in table 135, Future development of ponds
in this reach is considered to be negligible.

Water use for municipal and industrial requirements

No allowance was made for future municipal or industrial de-
velopmert above or below Medicine Creek Reservoir, At the present
time all of the communities in the Cambridge Unit area obtain their
water supply from wells.

22
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Tabla 134.—Depletions from Possible Future Private Development of Irrigation and Ponds Above

Medicine Creek Dam. 3/

1,000 acre~feet

1929 0 0 0 0 0.2 0.4 0.5 0.6 0«2 0 0 ¢ 1.9
1930 0 0 0 0 o3 a1 = | «3 ol 0 0 0 1.0
1931 0 0 0 0 .1 | 3 o3 o3 = | 0 0 1.2
1932 0 0 0 0 51 W o5 6 a2 o2 0 0 1.7
1933 0 0 0 0 2 .5 b 52 &2 o2 0 0 1.9
1934 0 0 0 3 i 23 | b . o2 0 0 2.7
1935 0 0 0 .2 Ql l1 .7 03 l2 cl 0 D 1-?
1936 0 0 0 4 al 5 ol o6 ol . 0 0 2.6
1937 0 0 0 o3 ) .3 5 o3 o2 % | 0 ) 1.9
1938 0 0 0 a2 ol 5 <5 N o3 o3 0 ) 2.3
1939 Q 0 0 .2 3 .2 b o5 ol 52 0 0 2.h
19]-10 0 0 0 03 ql 05 lll '? 02 ol 0 0 2!3
911 0 0 0 0 o1 .1 o o3 ol o 0 0 0.9
15L2 0 0 0 0 .1 ok .6 o3 0 ¥ | 0 0 12
191{3 0 0 0 (4] <3 3 5 sly o2 2 o 0 1eg8
9Ll 0 0 0 0 .1 al 0 oZ . e § 0 0 0.9
1945 0 0 0 0 &l al o6 ol o2 2 0 0 1.7
15L6 0 0 0 <l by L .3 ol o3 0 0* 0 0 1.5
1947 0 0 0 n ol &l ol b Al X 0 0 1.5

0 0 0 al P .2 .5 ol o2 ol 0 0 1.7

Aveg. o
3? Deplet

ions were made for the private development of 1,050 acres and 300 acre-feet per year for
depletions due to pond development. 2
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Table 135.--Medicine Cresk--depleticns for future private irrigation
between dam site and mouth

Year Apr. M June i apti. Total
1929 0.1 041 0.2
1930 0.1 0.1
1931 0.1 0.1
1932 0.1 0,1 0.2
1933 0.1 0.1 0s2
1934 0«1 0 0.1 0.1 0.3
1935 0,1 0.1 0.2
1936 0ul Nel 0.1 0.3
1937 04l 0,1 0.2
1938 0.1 0,1 0.2
1939 0.1 0.1 0.1 0.3
19]&0 0-1 0.1 0.1 DII3
1941 0.1 Del
1942 0.1 0.1
1943 Osl 0.1 0.2
19ll 0.1 0el
1945 0.1 0.1 D.2
1946 0.1 0.1 0.2
1947 0,1 04l 0,2
Total P

AVE, 0,0 0.0 0.0 0.1 0.1 0.0 0.2

Note: Depletion for 200 aecres of private development.
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Cambridge Unit

Project Water §HEEEI

The principal source of water that will be used in daveloping
the Cambridge Unit will be water stored in Madicine Creel: Reservoir,
In addition, stream-flow accretions in Medicine Creek beiween Medicine
Creek Dam arnd Cambridge and in the Republican River batwean Bartley
Diversien Dam will be used to serve the area, The accretions in the
Republican River upatream from the Cambridge Diversion Dam will in-
cluds wastes and revurn flow from upstream units which will be used
te serve the arsa, The Rapublican River flow at Cambridpe Diversion
Dam after upstream Gevelopment less flows that will be contributed by
Medicine Cresk are shown in table 136,

Reservoir inflow

The only historical records of Medicine Creek {low 2re flows re-
corded near Canbridze. The flow at Medicins Creek Dam was estimated
to be ©5.5 percent of the flow at Cambridge. This perceniage 1s
basea upon the ratic of the drainage area sbove the dam %2 the drain-
age arca above Cambridge, The drainage area above Medicine Creek Dam
is 656 square miles and the drainage area above Cambridge i3 €87
square miles. Tabla 124 is the estimated historical flow of Medicine
Creek determined 2z described above,

The depleted inflow at Medicine Creek Dam, table 137, was com-
puted by subtracting the depletions which would be caused by future
private develcpment of irrigation and ponds, table 13L, from the
estimated historical flow at Medicine Creek Dam. Water can be
stored in the regervoir for irripation until the irrigation storage
capacity of 2L,200 acre-feet, assumed as the effective storage content
at the end of 50 ysars of operation, is filled.

Stream-flow sectional accretions

The gain in {low of Medicine Cresk between Medicine Creek Dam
and Cambridge is estimated to be L.S5 percent of the flow near Cam-
bridge, Thls percentage was based upon the ratio of drainage areas
as explained in the foregoing discussion in reservoir inflow. The
seotional pain in stream flow of Medicine Creek between the Dam and
the mouth of the Creek (near Cambridge) is listed in table 138. This
natural gain was depleted by the estimated future use for private de-
velopment in this reach, table 135, and the result is shown in table
139, The depleted sectional gain, table 139, is the natural flow
water that will be available for diversion at Cambridge Diversion Dam,

Return flow

Return flow from 17,230 acres in the Cambridge Unit, table 1LO,
was computed as described in the discussion of return flow under the
Frenchman Unit., The distribution of return flow is the same as used
in the Frenchman Unit. The return flows from the Cambridge Unit will
not be available for reuse by this unit. They were determined in
order to show the water that will pass the unit after development.

256
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Table 136.—Flow of Republican River at Cambridge Diversion Dam after upstream developments &/

(Unit - 1000 ecre-foct)

Year Jan, _ Feb. _ Mar. _ Apr. &y Juns__ July _ Aug, _ Sept. Oct.  Nov.  Decs _Total

1929 15.8  11.7 4l.3 219  36.0 62.7 39.6 2.4 063 1.9 3.6 6.2 2l3.k
1930 3.2 9.6 18.L4  29.%9 60:3  61.3 6.4 0 18.5 k3.3 33.5 25.3 309.7
1931 22.2 30,0 32,2 3L.0 249 28.7 1.8 0 0 0 0 0 173.8
1932 0 0 13.5 943 10 55.4 2.3 1.8 10.8 0.1 0 1.6 105.2
1933 2.8 1.0 10,8 29.0  30ck 3.1 0.8 0 3k.9 0.2 13,0 2L.1 150s1
1934 23;8' 20.0 233 5 P} 2.6  23.7 0.8 0.8 13.8 137 5.6 0 11644
1935 1.1 3.0 5.1 4.1 1581 L23.6 Te3 281 323 5.8 9.0 el 678.7
1936 8.2 8.2  30.1 0 78.3 1.7 0a? 0.2 L.7 Oels 2.k L7 119.6
1937 0.3 11.9 7.3 03 0 12.9 15.7 1848 4.9 0e2 2.8 1.9 77.0
1938 10"0 6-3 1105 9lh 37‘3 l?uh 12.8 15-? 1291‘ 1.3 3 2 6‘? MGO
1939 1.2 9.3 29.4 108 19.6 35.0 1322 9.5 1.0 06 2.6 2.9 5.1
19L0 s} 0 0 2.8 9.0 11.2 1.1 2.8 0 2.5 0 0 29,4
w9kl ) 0 9.3 18.6 25.6  Th.h  L1.7  23.0 28.4 13 150 204 270:7
19k2 17.0 27.7 L3.9 37k 38.6  38.6 2 7 0 2.0 .9 17.7 191 2L9.6
2943 13.7 28,1 27.8 12.8 5.k 3.7 07 1.k 4.9 1.3 1.8 2.7 104-3
9oLl 0 0 51  37:8 LB.1  L3.2 Ba. A7 024 2.6 L6 3.0 231.6
Y945 3.4 9.1 18.5 23.3 17.5 T70.0 6.6 0.6 1.6 3.3 6.9 9.7 170.5
1946 1.9  14.8 251 1:3' .18.) 38 24 0:9 5.7 60,6 26,9  23.3 2L3.h
1947 19.3 23.0 33.7 33.0 35.4 93.2 1%7 0.5 Ok : 25642
Total

Average 8.8 11,2  20.3 16.7 3.4 57.0 _ 1h.8 6.3 9.3 8.1 8.3 8.8 204.0

Excluding flow of Medicine Creek.
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Table 137.—Depleted Inflow of Medicine Creek at Medicine Creek Dam Site

Dec. 1Total

ﬁov-

(Onit - 1000 acre-feet)
July Auge

June

Febe E’ﬂ‘. ﬂpr o

Jan,

40.0
57«2

k.l
L.5

o;:;oanuhu

BMSM?

= H N\ ~0
- . - - L]
Mg M

3.2
Gyl
2.1
1.5
3.0

131...,..—1
anceDnC.J

O e mMmm

= On[=Cu D
® a = =
AN o

@ QI
PPN PP

g
N AD D

SN0
LI - .
TN O

=10 W

=h N T 1
WA F 3

'Q.?nr_l.uc
B AT B fah

R.U-'O-?-.ldl
- - L4
=t NN
neahs
PARARAPAA
o g bk

»3
39.1
i0e3
36.7
6L.9

87.7
e
37.5
79¢1
618

2.5

3.1
3.9
2.3
3.1
3.3
-

3.2
3.3
3¢l
3.2
3.0

3-8
2-8
1.8
245
2.9

12.4
7ol
2.9
1'6
0.7

3.2

3.2
3.2
2.1
9.2

2.1
342
176k
2-6

12.1

15.8
10.6
Sely
7.0
20,3

19kl
19L5

62,2
95.1

3.7

22,0

3.1
2.7

3.4
3.2

1946
947

Total

56.8

3.6 e 5 5.6 5.9 113 5.1 3.3 3.8 3.9 2.9 3.3

3.6

—

Average
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Table 138.—~—Sectional Gain in Streamflow of Medicine Creek between Dam Site and the Mouth

{(Unit - 1000 acre-feet)

Year Oct. NOov» DecCa Jan. Feb. Hars Apre May June July  Auga Septe Total
1929 0.1 0.1 0.1 01 0.1 0c2 0a2 0.2 0:2 0.1 0.1 Ool 1.6
1930 O. 2 .92 2 . 2 a e .2 002 o2 0. h |h ¢3 .1 268
1931 0.2 .2 -2 o2 «2 -2 0.2 2 06l «1 1 0 1.9
1932 0.2 2 .2 .2 .2 wl 0s3 2 0.3 vl 22 % 2.5
1933 0ol 1 ol «2 »2 o2 0:3 .2 0.1 «l «3 <l 2.3
193h 003 -1 |2 l2 .2 I2 002 ll 0¢'3 Il .1 l2 2-2
1935 0ol 1 a2 o2 .2 .2 0e2 9 0.7 «3 .1 »2 3.4
1936 0:..2 01 '2 .2 12 '2 0l3 13 003 .1 !1 '1 2.3
1937 0.1 «1 sl «1 1 o2 0.1 «1 0.3 .2 a2 1 1.7
1938 0.1 = | ol «L el 2 0e2 3 0.2 oL 1 vl 2.0
& "1939 Oll -l -1 -1 .l 02 0-2 01 Dbh |2 ‘1 .1 1-8
0 ’19110 001 ll al -l 02 -2 0n2 cl Ong -!.l .3 03 310
19151 001 nl c2 .3 I3 02 0‘-2 l6 0&8 .6 02 .6 h.z
1942 0.2 .2 5 | W2 1 5 1.0 o3 0.5 5 | .2 ol 3.8
191\3 Ohl 2 12 (2 02 -2 0'2 ll 003 .2 !1 ll 291
19LL 0.1 1 s | i | 2 .3 0c7 b 0<3 .8 ol ol 3.6
191‘5 001 e2 I]- 02 02 -2 001 ¢3 1-0 .2 .2 03 301
1946 0l .l <1 2 i | o2 0.1 cly 0.3 o2 ol o1 2.0
1947 1.0 .2 .2 ol .2 02 0.2 .2 3.0 ol ol 1 5.9
Total
Ama_g_e 0.2 0:1 0.1 0.2 0.2 0.2 003 0.3 0.,5 003 052 0.2 208

KS002479



Table 139.—Depleted Sectional Gain of Medicine Creek between the Dam Site and the Mouth

(Unit = 1000 acre-feet)

Year Jan. Feb, Mars Apr. May  June July Aug,  Sept, Oct. Nov, Dec,  Total
1929 0.1 0.1 0.2 0.2 0.2 0,1 0 0.1 0.1 0.2 0,2 0.2 1.7
1930 -, S .., Y sl A U %3 0 o2 .2 »2 2ol
1931 |2 .2 I2 .2 .2 Ol 0 .1 0 l2 '2 .2 1.8
1932 .2 .2 .2 a3 B, 3 s X sk o5 i =i ) > | ol 2.0
1933 .2 o2 .2 3 o2 0 0 3 A .3 ok W2 2.h
1934 .l .2 sl .2 0 5 | 48] 0 2 o e e 1,7
1935 .2 .2 |2 -2 19 .7 I2 0 l2 '2 .l .2 3.3
1936 o2 -2 o2 o9 o3 .2 0 0 % b % | sl &l 1.8
1937 HE o ol e 5 | «1 % . vl = o R e ] X 1.5
1938 ul .1 |2 .2 -3 .1 l3 .1 .1 .l ll .l lta
1939 -1 -1 .2 Ge .1 'h gl 0 0 .1 '1 01 1l5
1540 .1 il .2 2 .1 .0 23 a2 .3 b= sk a2 2.8
1911-1 .3 .3‘ '2 I2 l6 -8 .6 -1 .6 .2 .2 .1 h.z
1942 o2 - | o5 1.0 3 .5 0 a2 A ol ar ¥ 3,7
1943 P .2 a? .2 ol % .1 0 «1 = B 9 # | 157
19L4L P | 2 »3 o7 U 3 .8 ol 0 = | .l 41 3.6
19[‘5 ‘2 -2 .2 ll .3 1.0 .1 .1 l3 cl '1 .1 2!8
1946 ;2 s 2 B b 33 S | = X 13,0 o2 e 2,9
1947 .1 2 <9 ud 2. 30 3 0 .1 - - - 4s3
AVE, 0.2, 0.3°  Di2  0a3- 0,37 D5 0.2 0,0 0,8 - 0.2 -0.0. - 02 241
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Table 1)j0.~-Return Flow from 17,230 Acres Irrigated - Cambridge Unit

(Unit — 1000 acre-feet)

0Cta

— =

Total

Dec,

Nove

Feb, Mar. Apr.

Jan.

Year

1929
1930
1946
1947
Total
Average

0.9 1.0 1.2 1.3 1‘2 1.0 0.9 10.9

0.8

0.7 0.6 0.6

0.7
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Cambridge Unit

Water Requirements

Water requirements for the Cambridge Unit that will create a
demand on Medicine Creek Reservoir include water required for irri-
gating lands in the unit, water lost due to evaporation from the
reservoir, and water lost as seepage from the reservolir,

Determination of irrigation and diversion requirements

The diversion requirement for irrigation is based upon the con=
sumptive use of water by crops, the effective precipitation in the
area, and transportstion and farm losses, These values were computed
as described under discussion of the Frenchman Unit.,

Consumptive use,--The Lowry-Johnson method as described under
the Frenchman Unit was ueed in determining the consumptive use of
water by crops. Effective heat data used in deternining consumptive
use for the Cambridge Unit was the mean of three stations as in-
dicated below:

Recordsa at Culbertsen, Nebr,--Table 30 under Meeker-Driftwecod
Unit

Records at Curtis, Nebr.-=Table 106 under Red Willow Unit

Records at Beaver City and Alma, Nebr,--Table 11 under the
Cambridge Uait

The distribution of consumptive use, using an annual total
based on average of the above tables is shown in table 142,

Precipitation over project area.——An average of the precipita-
tion racorﬁﬁ at Cambridge, ﬁaEraaEs, table 143, and Orleans, Nebraska,
table 1Llj, were used for the precipitation over the Cambridge Unit,
table 145, WNot all precipitation falling on the project area is ef-
fective for use by growing crops, therefore, an adjustment was neces=
gary to determine that which would be considered effective. These
adjustments to the recorded precipitation were made in the same
manner as explained under the discussion of the Frenchman Unit. The
computed effective precipitation for the Cambridge Unit is shown in
table 11460

Consumptive use requirements of irrigation water.--The consump=-
tive Use requirements ol irrigation water is the amount of the con-
sumptive use requirements not supplied by effective precipitation.
Consumptive use requirements of irrigation water for the Cambridge
Unit are shown in table 1L7.

Diversion requirements,--In order to satisfy the crop irrigation
requirement it 1s necessary to divert sufficient additional water teo
overcome bransportation and farm losses. Operations specialists of
the Regional Office have eptimated that the transportation losses

22
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Table 141,--Computations of Effective Heat and Consumptive Use at Beaver City and Alma, Nebraska

Day Degrees =
Consumptive
Year Jan, Feb., Mar. Apr, May June July Aug, Sept, Oct. 1Nov. Dec. Total Use in
Fts Depth a/

19290/ - - 27 1,086 1,274 1,611 1,885 1,968 1,353 1,082 - 10,286 2.U6
1930 - - sk 1,146 3,224 1,563 2,037 1,786 1,L85 1,032 163 = 10,450 2.9
1931 - - - 932 1,305 1.B03 1,953 1.755 1,734 1,243 108 - 10,833 2.5k
1933 - - 120 990 1,252 1,932 1,959 1,727 1,629 1,190 7L - 10,863 2.55
1934 - - - 1,128 1,628 1,845 2,200 1,962  1,L25 1,383 L76 - 12,048 2,73
1935 = -~ sL8 %9 1,011 1,398 2,074 1,838  1,LL3 21,032 31 - 10,28L 2,L6
1336 - - - 961 1,h1k 1,776 2,207 2,083 1,542 988 = - 10,971 2456
g7 - - - 984 1,50 1,64k 2,003 2,080 1,668 1,153 =~ - 11,032 2,57
1933/ - - 548 1,038 1,308 1,632 1,987 2,02k 1,629 1,534 93 - 11,793 2,69
19,0 - - 226 1,095 1,kL63 1,76 2,021 1,789 1,584 1,Lk32 115 - 11,Lk70 2.6L
9l - - 6L 1,01y 1,454 1,497 1,860 1,838 1,491 1,132 87 - 10,53k 2,50
1942 - o 172 1,173 1,355 1,518 1,959 1,767 1,374 1,243 - - 10,561 2.50
1943 - - - 1,047 1,271 1,563 1,938 1,990 1,500 B27 - - 10,136 2.43
19LL - - - k75 1,454 1,587 1,733 1,773 1,536 1,318 113 - 9,989 2.1
19L5 - - L6 990 1,294/ 1,395 1,835 1,885 1,578 1,157 = - 10,182 24lk
1946 - = 626 1,332 1,234 1,719 1,897 1,761 1,46k 1,104 76 - 11,213 2,60
L7 - - - 8Lk 1,330 1,k64 1,773 2,003 1,59 1,380 178 = 10,52 2,50
Total 3 7, . 30 29,026 22, 200,91
Avg. i 14,2 1, 1,877 1,8h0 1,182 10,
a/ From Lowry-Johnson Curve. ¢/ Records from 1938-1946 taken at Beaver City, Nebraska.
B/ Records from 1931-1937 taken at Alma, Nebraska d/ Record for Norton Kansas, used.
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Table 142.,—Distribution of Consumptive lise = Cambridge Unit 5/
acre-feet per acre

Year ___Jan. Feb. _ Mar. _ Apr. Hay June _ July  Aug.  Sept. Oct.  Nov,  Dec.  Total

3929 0,02 0,05 0,12 0,19 0.2k 0,34 0.6 0.4 0.29 0,15 0.07 0.05 2.2
1930 .02 .05 A2 .19 .24 34 L6 Ll .29 15 .07 05 2.h2

1931 .03 .05 W12 .20 .25 +35 U7 LS .30 .15 07 .05 2.L9
1932 .02 .05 .12 .19 2L .3k L6 L3 .29 .15 .07 05 2.l
1933 .02 .05 .12 .20 .25 «35 L8 L5 .30 .15 .08 .05 2.50
193k .03 .05 .13 .22 .27 .38 .51 48 32 .16 .08 .05 2,68
1935 .02 ,05 .12 .19 2L 34 JLb L3 .29 A4 07 .05 2.0

1936 .02 .05 13 .20 .25 .35 L8 L5 «30 .15 .08 .05 2,51
1937 .02 .05 .13 .20 .25 +35 18 L5 .30 .15 .08 .05 2.51
1938 .03 .05 .13 .21 .26 .36 .50 47 1 .16 .08 .05 2,61
11939 .03 .05 .13 .20 .25 .36 A8 L6 .30 .15 .08 .05  2.54
1940 .03 .05 .13 .20 .26 .36 LLB L6 31 .15 .08 05 2,56

1941 .02 .05 A2 .20 .25 b U7 Ll .29 .15 .07 +05 2.LS
1942 .02 .05 »12 .20 25 3L L6 Ll .29 .15 .07 .05 2.hL
1943 .02 .05 .12 .19 2L b L6 Ll .29 .15 .07 05 2,h2
194) .02 .05 .12 .19 .23 <33 N L2 .28 o1l .07 05  2.35
1945 .02 .05 2 3 W2L .33 L5 A3 .28 Al 07 05 2,37

51

1946 .02 .05 £13 .20 .25 .35 4B LS .30 .15 .08 05 2,
19’-‘7 .02 -05 912 -20 '25 §3h lhé .hh 129 -15 lD? 005 2

Total
ﬂl 0.02 0-05 0.12 0.20 0.25 0'35 Ooh? Olhs 0'30 0-15 0-0? 0.05 2.ha

3/ Use mean of records at Culbertson, Curtis, and Alma in Nebraska.
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Table 1L3.--Precipitation at Cambridge, Nebraska--Inches 1/

Year Jan, Feb.  liar. Apr. _ Hay June  July  Aug,  Sept. Oct, Nov, Dec.  Total
1929 0.0 2.00 0.01 2.61 5.13 2.68 1.53 ok 1.76 2.6 1,50 0O 20,52
1930 0.75 0.76 0,20 3l L.76 L.55 3,29 1.97 1.2k L.,06 2,50 0.30 31,69
1931 0010 o.% 3'30 llw 2.0h 3-27 1.?7 2.96 0.% 0.86 2.60 0.10 20.20
1932 0,80 0.5 0.45 1,02 1.55 5.50 3,05 0.25 1,66 0.u5 0,16 0.38 15,77
1933 © 0.20 1.58 L.2k 2.9L 1.36 2.12 7.93 1,26 0 T 1,26 22.89
1934 0O 0.80 0 0.80 1.62 3.50 1,20 1.26 3.22 0,88 2.92 0.45 16,65
1935 0 0.45 0.86 0.62 10,16 2,21 T 3.72 1.99 0.2 1,04 0.15 21.LL
1936 0.Ls 0.238/ 0,108/ o0.978/ 6.623/ 1.183/ 1.8/ o.9ke/ 1.83 0.1k T 0.59 16
1937 0.5 0.15 1,69 0.63 2.09 3.25 2,2 L.79 2,12 1,41 0,10 0,17 19.32
1938 0.27 0.18 1.33 2,09 L.85 1,10 L.30 2.62 1,30 0,06 0,05 0,12 18,27
1939 0.72 0.L7 1,09 1,11 3.4 S.UT 1.91 1,60 0,43 0,02 © 0.91 16,88
190 0.72 0.L8 2.40 0.37 2.39 1.591 1.94 0.L48 2.16 0.92 0,71 1,0k 15,52
1941 1,02 0.50 0.35 5.33 3.38 Tl 2,26 0.66  Lo2h 0445 0.54 1.59 27.73
1942 0.45 1.02 0.79 3.61 2,29 5.25 1,96 2.92 3.68 0,84 0466 0.50 23,97
1943 0.35 0,38 0.76 L.69  0.68 3,05  2.43 2.97 3.0 0,48 0.13 0.10 19.k2
9Lk 2.16 1.31 2.31 8.09  L.62 6.79 7.29 2.90 0,01 0,5 2.04 0.29 38.31
1945 0.67 0.40 0,38 2,62 2.88 3.92 0.89 2.95 2.36 0,29 0,33 0,91 18,60
196 0,08 0.04 1.84 0.10 5.L0 3.43 L0k 1.89 3.3L 8.88 2.98 0,11 32.13
1947 0,65 0,53 0.70 2.27 2.38 6.03 2.76 0.6L 2.93 0,68 1,24 o.,L8 21,29
Avg. 0.52 0.60 1.08 2.65 3.70 3.66 2.3 2.40 2,05 1,27 1,02 0.5 21.88

I cords published by U, S, Weather Bureau.
2/ Average of McCook, Gosper, Beaver City.
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Table 1Ll,—Precipitation at Orleans, Nebraska 1/

(Unit - Inches)

Year Jan, Feb. Var. Apr. Way _ June July Aug. Sept, Oct. Nov. Dec, 1Total
1929 0 0,60 T 3.48 1.7k 1.36 3.3 0,80 2.05 4,71 1,65 O 19,52
1930 0.80 0.25 O 5,66 L,23 L.hO 2,06 5.05 0.79 5.84 2,97 O 32,04
1931 O 2,10 1.9 3,22 1.96 1.32 2.79 L.J46 1.83 1,90 2,60 0,35 2L,4L3
1932 1,90 1,90 0.60 1,81 2.70 4.0 1.55 1,43 3.1 0.77 O 0.4l0 20.57
1933 O o0 1.50 5.65 2.98 -0.83 1,33 L4.71 2,81 O 0.90 1,45 22.56
1934 0,10 1,35 0.65 1,10 1.07 5.3 1,31 1.43 1,38 0.37 1.80 0.80 16.L9
193 0.10 0.45 0.25 O.74 6.43 1,00 0,92 0.86 3.97 O 0.05 0.80 15.57
1937 1.20 0,70 1,92 0.1 2.84 3.27 2,6 2,9 1.60 1,53 0.10 0,05 19.0L
1938 0.25 0.55 1,27 2.91 L.78 1.61 1,59 3.59 2.4 © 0 0.10 19,09
1939 0,70 0,95 1,12 1,99 2.93 5.39 0,98 2.45 0.38 0 0 0.50 1739
1940 1,00 0.5 1,32 0,89 L.12 1,30 L.,59 0.89 1,71 1.63 1,10 0,70 19.75
1941 1.20 0.70 0.70 L,87 2.41 10.18 6,46 5.99 2,52 0.%0 1,07 1.00 368,00
1942 0.35 0.55 1,88 3,19 1.87 6.20 0,43 k.39 6.27 0.31 0.65 0,90 26,99
943 0.10 0.60 0.70 5,0 ©0.62 5.81 2.2k 1,77 0,71 0,12 0,28 0,10 18.15
19kka/ 1,37 0.92 1.5 7.22 1l.71 2.39 6.12 2,38 0.48 1.09 1.36 0,26 26.70
194sa/ 0.6k 0.36 0,30 L.85 2.83 L.31 1.k0 1.38 1.28 0.3k 0 0.81 18,50
1946a/ 0.35 0.10 1.57 T 515 2,34 3.27 S.J0a b7k 5.58 162 T 29.93
1947a/ 0.19 0.2 0.42 1.98 2,70 B8.30 2.30 1.25 0,60 1.71 1l.,k2 0.79 21.%0
ivg. 0.55 0.72 0.95 2.9 3.18 3.87 2.0 2.90 2.19 1.L5 1,00 0.L7__22.0h

a/ Alma Records
1/ Data published by U. S. Weather Bureau.
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Table 145.~—Average of Precipitat ion at Cambridge and Orleans, Nebraska

(IIlChes) ———— 1

Year Jan, Feb., Mar. Apr. May June July Aug., Sept. Oct, Novs Ters Tottal
1929 0,20 1,30 0,01 3,04 3.4k 2,02 2,33 0.62 1.90 3.59 1,57 © 20,02
1930 0.77 +51 .10 6.48 k.50 L7 2,67 3.51 1,02 L,95 2,73 el5 31,86
1931 0.05 1.50 2,60 2.31 2.000 2,29 ' 2528 1 371 'A.37 ‘L1u38 1 2.60 5423 22.32
1932 1.35 1.20 g.53 1.4 2,12 L4.,80 2,30 X 2,53 ©,61 0,08 04,39 18,16
1933 © 0,30 1.5 L4 2,96 1.09 1,73 6,32 2,04 © D45 1.36 22,73
1934 0.05 1.08 0.32 0,95 1.3L L,32 1.25 1.35 2,30 0.62 2.36 0.63 16.57
1935 0,12 0.8 0,68 0.87 B.73 3.37 0,38 3.78 2,33 0.50 1,27 0408 22,59
1936 0437 034 048 0.85 6.52 1,09 1.17 S0 2.90 D.O7T 0,03 0469 15.01
1937 0,85 0,43 1.80 0,52 2.47 3.26 2.4k 3,87 1.86 1,47 0,10 0.l 19,18
1938 0.26 0,36 1,30 2,50 482 1.35 2.95 3,10 1,87 0.03 0,03 0.ll 18,68
J,1939 0.71 0,71 1,10 1,55 3.03  5.43  1.kh 2,03 L1 0,01 O DeTl 17.13
1900 0,86 0.49 1,86 0.63 3,25 1.61 3,26 69 1,93 1.28 0,90 0487 17.63
1941 1.11 0.60 0.52 5,10 2,89 B,80 L.36 3.33 3.38B 0467 0.81 1.29 32.86
1942 0,40 0,78 1,33 3.k 2.08 5,72 1.20 3,65 L.98 0457 0.6 0470 25,47
1943 0422 0,49 0473 L.90 0.65 L.43 2.3 2,37 2,05 0,30 0,20 0,10 18,78
B 1.76 1.12 1.90 766 3,16 L,59 6.71 2,59 2 D80 1,70 0427 32450
1945 0.65 0,38 0,34 3.74 2.85 L,12 1,15 2.15 1.82 0,32 0,17 0,86 18,55
1946 0,21 0,07 1.71 0,05 5.27 2.79 3.66 3.65 L.0Lh 7.23 2.30 0,05 31.03
1947 0,42 0.38 0.56 2.13 2,50 7.16- . 2,53 95 1,76 1.20 1.33 0463 21,59
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Table 146.—Effective Average Precipitat ion of Cambridge and Orleans (Cambridge Unit)

(Unit - Feet

Year Jan, Feb, Mar. Apr. Hay June July A Sept. ~ octs Nove  Dec.  Total

1929 0.02 0,10 O 0.22 0,25 0,16 0,18 0,05 0,15 026 .02 © 1,51
1930 .06 0L O+ .3k 330 30 «20 25 .08 32 20 .01 2,11
1931 0 «12 20  L1B JA5 .18 18 «26 W11 s11 .20 «02 1,71
1932 Sk .09 o) Jdl L16 31 .18 07 .19 «05 +0L «03 1,35
1933 0 .02 .12 32 ,22 .09 =13 o3k .16 0 <Ol o1l 1,55
1934 0 .09 «03 08 Jd0 429 .10 .10 .18 .05 .18 «05 1.25
1935 01 L0k 05 07 34 2k .03 27 .18 <Ol .10 0L 1,38
1936 .02 .03 ,01 .07 .34 09 .09 .07 .22 01 0 .06 1.01
1937 .07 .03 o1l Ol 19 24 .19 «27 o1l W1l +01 01 1.lb
1938 .02 .03 «10 5 SN > G & { 222 «23 «1b 0 0 01 1.36
1939 ,06 .06 .09 .12 .22 <33 .11 .16 <03 0 0 «06 1.2k
1940 07 oL o1l +05 2k »12 24 «05 15 «10 «07 «07 1.3k
1941 .09 »05 .0l 32 022 o3k .29 o2l 2l +05 «07 «10 2,05
191]2 103 -06 110 025 016 l33 log .26 .32 005 505 006 1 -?6
1943 .02 QL .06 31 .05 .30 .18 .18 16 .02 «02 Xo)8 1,35
1921113/ o1l 09 .15 «3L 23 +30 o3l W19 .02 W07 «13 «02 2,02
19458/ .05 .03 03 W26 2 .28 .09 .17 1k .03 01 07 1.37
1946a/ .02 0L d3. o a32 & .26 26 .28 +3k A8 0 2,01

47/ W03 W03 0L 26 19 3L a9 W08 Lk 09 10 05 1.

Total e 3 g e e R T 5 e -
Avg. 0,04 0,05 0,08 0.8 0,22 0.2h  0.17 0.19 0,16 0,09 0.08 _ 0.04  1.54

&/ Precipitation records average of Alma and Cambridge,
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Table 1L7.--Consumptive Use Requirements of Irrigation Water

Cambridge Unit

(Feet per acre irrigated)

Year Apr.a/ May a/ June  July Aug,  Sept. got. Total
1929 -01 .02 tla .28 l39 llh o 1¢02
1930 0 0 ) .06 19 21 0 16
1931 0 0 0 «20 .19 .19 L0l «62
1932 0 .01 .03 .28 36 10 ) .08
1933 0 +0l W26 35 o11 o1l J5 1,05
1934 .18 «20 09 Ll «36 1L il 1.51
1935 W11 0 0 .13 W16 11 .10 .91
1936 .21 0 .2k .39 «38 .08 JAlb L.lik
1937 .18 .07 1 +29 .10 .16 Ol 1,03
1938 ol «03 25 «28 «2U oLT «16 1.24
1939 1L .09 .03 «37 30 027 A5, 1,35
1940 W17 .03 .20 2L il 16 06 1,30
1941 0 0 0 .09 «20 .05 10 <Ll
1942 0 0 Q0 37 +1B 0 07 .62
1943 0 W15 0L «28 <26 «13 al3 «99
1944 0 0 0 0 W12 .26 07 «ls5
1945 0 .01 .05 .36 26 +LL 1l «93
1946 <2l 0 B, 5§ 022 19 .02 0 .78
1947 0 0 0 22 .36 .15 .06 .79
JEVB!‘&B& Oa’ 055 .5; h!, UES rrn -BB .95

5/ Includes one-half of portion of Nov.,-Mar. requirement not met by the
precipltation for that peried,
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Cambridge Unit

will be 25 percent of the diversions at the head of the canal and the
farm losses will be 30 percent of the amount delivered to the farm
turn-out, The consumptive use requirement of irrigation water was
multiplied by 100 percent over 100 percent less 30 percent for the
farm loss to determine the farm delivery requirement.

Transportation losses in the distribution system include water
consumed by evaporation, transpiration by plants growing along the
canal, and seepage or percolation. The diversion requirements in
acre-feet per acre, table 1.8, were computed by multiplying the famm
delivery requirement by 100 percent over 100 percent less the 25
percent transportation loss.

Diversions will be made at Cambridge Diversion Dam for the ir-
rigation of the entire area of 17,230 acres under the Cambridge Unit.
The diversion requirements in 1,000 acre-feet, table 149, were ob=-
tained by multiplying 17,230 times the diversion requirement in
acre-feet per acre, table 1L8.

Evaporation from reservoir

The evaporation rate from ledicine Creek Reservoir was deter-
mined by using the same general procedure as was used for determining
the evaporation rate from Enders Reservoir,

Gross evaporation.--The evaporation records at North Flatte,
Nebraska, corrected to free water surface, table 37, were used as a
basis for determining the evaporation ‘rate at Nedicine Creek Reservoir
for the months of April through September. A factor determined from
charts published by the Minnesota Resources Commission was used to
adapt the North Platte, Nebraska, evaporations records to the Medicine
Creek Reservoir area., 1/ The North Platte records were multiplied
by the following factors to obtain the evaporation rate from Medicine
Creek Reservoir:

Month Factor
April 1.0L
May 1.0k
June 1.0k
August 1.03
September 1.05

5/ WEvaporation from Lakes and Reservoirs," published by Minnesota
Reservoirs Commission, June 1942.

27

KS002490



Table 1L8.--Diversion Requirements Cambridge Unit
Acre-feet per acre irrigated

1931 0 ) 0 .36 W36 +36 .08 1.18
1932 0 02 06 .53 .68 .19 .19 1,67
1933 0 .08 L9 67 .21 27 +28 2,00
193k «J3h .38 adT .78 72 27 21 2.87
1935 .21 0 0 .02 .30 o2l .19 1,73
1936 L0 0 L6 N o2 .15 .27 2.4
193? .jh . :'-3 . 21 . 55 - jh L] 3]— loa 1 . 96
1938 .21 .06 L8 .53 L6 32 .30 2.36
1939 .27 .17 .06 .70 .57 51 .28 2,56
1940 .32 .06 b Lié «78 .30 .09 2.7
1941 0 0 0 w17 .38 .10 «19 0. 84
1942 0 0 0 .71 .3k 0 w13 1.18
1943 0 .28 .08 .53 L9 25 .25 1.88
9k o 0 0 0 .23 .50 .13 0.66
945 o .02 .10 L68 L9 27 .21 1.77
1946 L5 0 «21 N2 +36 0L 0 1,48
1947 0 0 0 2 .68 .29 BT § 1.50
m__ e

Avig. 0,13 0.07 0.16 0,51 0.L9 0.26 0.16 1,78
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Table 149.--Diversion Requirements for 17,230 Acres - Cambridge Unit

Total

Oct‘

(Unit - 1000 acre-feet)
May June July Auﬂ._ — 8ept.

Apr.

Year

=1

33,
15.0

0.3
0

1529
1930

Ao o
- & & v =
w.eln.un’n?

N

" s .
OO MNO

— TN
QOO O

oD
ocowvm

1931
1932
1933
193k
1935

oD N
mmgga
lu3_|ﬂwlnq
P~ NS
- = = - »
A

531”85

mo

MO OO
L L

= O =
- - - .
—~ O b=

6 9505
658...46

921 nf..
22901
o]

= =

- -
OO0~

@ L |
- -
ooCcaC o

25,
25.

1.9

o

7.8

1946
1947

30.7

247

1.6

gl

H,8

2.8

1.1

Average 2.3
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Cambridge Unit

Records of evaporation are not collected in this area during the
winter because of freezing weather; therefore the rates of evapora-
tion for the winter months were used as determined from the Minnesota
Resources Commission charts, 1/ These rates are as follows:

Month Evaporation rate in inches
October L.Bo
November 2.70
December 1.25
January 1,00
February 1.25
March 2425

The gross evaporation rates computed for Medicine Creek Reservoir
are shown in table 150,

Precipitation over reservoir area.--Precipitation data collected
by the Weather Burean at Cambridge, Nebraska, table 1L3, represants
the preecipitation falling over Medicine Creek Reservoir.

Net reservoir evaporation,=-The net reservolr evaporation is the
difference between future and past consumptive uses from the reser-
voir area. TFor this study the past consumptive use is estimated to

be equal to the precipitation over the reservoir area. The net evapo-
ration over the reservoir area, table 151, is the difference between
the gross evaporation rate, table 150, and the precipitation over the
reservoir area, table 1L3. The water loss from the reservoir through
evaporation is considered to take place at the same rate as the net
reservoir evaporation,

To facilitate computations necessary to determine the amount of
water lost by evaporation at different reservoir capacities and at
different evaporation rates in the monthly reservoir operations, a
chart, exhibit 41, showing evaporation loases at various reservoir
contents and various evaporation rates was used.

Seepage

Seepage losses from the reservoir were estimated by geologists
of the Regional Office of Region 7 and of the Kansas River District
to range from 0 to 3 second-feet, This estimate was based on geologic
and construction data, For the operation study a constant rate of 3
second-feet. was used. This amounts to about 200 acre-feet per month.

Water Utilization

An operation study showing the water delivery on a monthly basils
has been made to determine the adequacy of the water supply avail-
able for development of the Cambridge Unit. The operation study was

1/ 1bid 27
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Table 150.--Gross Evaporation at Medicine Creek Reservoir a/ (Inches)

Year Jan. Feb. Mar. Apr. May June Jﬁ Aug,. Sepf. ch. Eov. Dec. Total

1929 1.00 1,25 2.25 5.24 5.35 6.l 8.82 7.84  L.12 480 2,70 1,25 51,10

1930 1.00 1.25 2.25 4,21 5.61 6,04 8.05 6.38 k75 ki, 80 2.70 1.25 L8.29

1931 1,00 1..25 2.25 L7 6,65 B.02 10,13  8.31 7.55 480 2,70 1.25 58438
1932 1.00 1,25 2.2 5.32 7.53 6.83  8ul7 7«97 6,18 LBO 2,70 1,25 55.55
1933 1.00 1.25 2.25 6.05 S5.76 9.k7 10,52 SeTh  6.55 L.80 2,70 1,25  57.3L
193h  1.00 1,25 2.25 6,19 9.38 10,35 13,12 9,33 5.51 L.BO0 2,70 1.25  67.13

1935 1,00 1,25  2.25 1,19 6.76 9.67 8,29 5.19 L8O 2,70 1,25  51.17

L.82
1936 1.00 1l.25 2,25 5,19 5.82 8,90 11,54 9.12 T7.10 L0 2,70 1,25  60.%2

1937 1.00 1.25 2.25 L.93 6.l 6.70 9.L3 8.76 6.50 L«80 2470 1,25 56,03
%i 1938 1,00 1.25 2.25 L3Lh 531 7.70 9.92 10,17  5.2L L.BO 2,70 1l.25  55.93
1939 1.00 1,25 2.25 Le75 716  9.19 11.36 8.81 8,88 L.t0 2,70 1.25 63.L0
1940  1.00  1.25 2,25 L70 7.71  9.76 10,38 7,99  6.ub LeBO 2,70 1s25  60.25

191 1.00 1.25 2,25  3.89 6.27 6.27 T<22 7456 6,28 L.BO 2,70 1.25  Sl.uk
1942 1,00 1,25 2.25 3.90 5.92 5.78 7a75 6,78  La1T 4,80 2,70 1,25  L7.55
1943 1.00 1.25 2,25 5.62  L.Sh 6,82 8,66 7.53 &,L6 LBO 2,70 1.25 52,68
/4 1,00 1,25 2,25 3,01 6.6k T.03  T7e53 T.2h  5.63 LeBO 2,70  1a25 50,33
1945 1.00 1.25 2.25 3.87 5.24h 5.56 6,80 6427  5.88 L.80 2.70 1,25  L6,87

1946  1.00 1.26 2,25 5,50 5.78 7.36 8,33 7.22 5.30 L.BO 2,70 1,25 52,7k
1947 1.00 1.25 2.25  3.30  L.73 5.89 6,9k  7.98 6,12 L.80 2,70 1.25 LB.21

Total
Average 1.00 1.25 2.25 L.70 6.11 7.36 9.23 7.86 5.99 L« B0 2+70 1.25 59450

Oct. - Mar, estimated from Meyer's maps. Other months based on correction factors for records at
North Flatte, Nebr. (1,04 for Apr., 1.0k for May, 1.0l for Jume, 1,05 for July, 1,03 for Aug., and
105 for Sept.)
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Table 151. Net Evaporation at Medicine Creek Reservoir a/

(Inches)

Year Jan, Feb. Mar. Lpr. llag June July Aug. Sept. Oct. Nove Dec. Total
1929 0.60 -0.75 2.24 2.3 0.26 3,76 7.2%5 7.0 2,36 2.34 1.20 1.25 30.58
1930 0.25  0.L9 2.05 -3,10 0.8 1,9 L6 L2 3,51 0.7 0.20 0.95  16.60
1931 0.90 0-35 -1-05 3-0? hnél h-75 8-36 5-35 6:65 3-91} 0.10 1-15 38 018
1932 0.20 0.75 1.80 L.30 5.98 1,33 5.L2 7.72 L.52 4.35 2.54 0.87 39.78
1933 1,00 1,05 0.67 1,81 2,82 8.11 B.l0 2,19 5.29 L8O 2,70 =0.01  3L,l5
193L 1.00 0.L5 2.25 5,39 7.76 6,85 11.92 8,07 2.29 3.92 -0.22 0,80 50,.8
1935 1.00 0.80 1.39 L.20 -5.97 3.55 9.67 L.57 3.20 LS6 1,66 1.10 29.73
1936  0.55 1.02 2.15  L.,22 -0.80 7.72 10.13 B.B8 5,27 L.66 2,70 0.66  L6.LG
-1938 0.73 1.07 0.92 2.25 0.LS 6,60 .62 7.55 3.94 N 2.65 1,13 37.66
1939 0.28 0.78 1.16 3.6  L.02 3,72 9.L5 7420 8.L5 L.78  2.70 0.3k  Lb6.,52
19,0 0,28  0.77 <0.15 L33 5.32 7.5 Bl 7.51 L300  3.88 1,99 0.21 LL.T3
19l 0,02 0.75 1.90 -1kl 2,89 -1,k 5.6 6,90 2,00 L.35 2,16 0,3k 23,71
19h2  0.55 0.23 1.5 0.29 3.63 053 5.79 3.86 0.9 3.96 2,04 0.75 23.58
1943 0.65 0,87 1.49 0.93 3.86 3.7% 6.23 L.56 3.06 L.32 2.57 1.15 33.k6
94k -1.16 -0.06 -0,06 -5.08 2,02 0.2 0.2 L3k 5.62  L.30 0.66 0,96 12,02
1545 0.33 0.85 1,87 1,25 2.36  1.64  5.91 3,32  3.52 LSl 2,37  0.34  28.27
19L6  0.92 1,21 o.x s.,40 038 3.93 L.,29 5,33 1.96 -L.08 -0.28 1.1 20,61
1947 0.35 0.72 1,55 1,03 2,35 0.k  L,a8  7.3L 0 3.9 LJa2 1.4 0.77 26,92
Total

m: O-h? 0.% 1.19 2.07 2.1‘8 3058 6-?8 5-55 3.90 3-56 1-67 OUTS 32 r&

a/ Gross evaporation less precipitation at Cambridge, Nebraska,
Negative values indicate the amount that precipitation exceeded gross evaporation,
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Cambridge Unit

based upon water supply and climatic conditions existing during the
period 1929 through 1947. This period includes the 10-year period,
which is considered to be the most critical period, with respect to
water supply, that has been experienced since records were first
established for this area.

Heservoir operations

The operation study is based upon c¢onditions expected to exist
in Medicine Creek Reservoir after 50 years of use at which time it is
estimated that the initial active irrigation storage capacity of
34,000 acre-feet will be reduced to 24,200 acre-feet, This decrease
in storage capacity will occur because of the accumulation of sedi-
ment, 15,000 acre-feet for S0 years, in the irrigation and dead
storage pools. The amount of water assumed to be available for de-
velopment of irrigation in the unit was determined after allowing
for depletions caused by all water use that will occur because of
estimated future developments upstream from the Cambridge Diversion
Dam.,

Table 152 shows the computation made in the operations study for
the Cambridge Unit. The following operation criteria were used in
malking the operation study:

1, Method of meeting irrigation demands.

a, JSectional gains and water not used by upstream
developments which were available for diversion at
Cambridge Diversion Dam, execluding water stored in
Medicine Creek Reservoir, were first diverted to
meet irrigation demands.

b, Irrigation demands not met by the above water were
met by releases from Medicine Creek Reservoir.

2. itequirements for other than irrigation.demands.

a. Historically no negative sectional gains were re-
corded in the section of Medicine Creek between the
dam and Cambridge; therefore, it was not necessary
to make releases from the reservoir for any purpose
other than for irrigation demands.

b. Evaporation losses were determined in accordance
with the reservoir content and the monthly evaporation
rate.

c. Oeepage was estimated to be 200 acre-feet per month.

a1t
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3.

Cambridge Unit

Reservoir content.

a. The reservoir irrigation pool is full when the
reservoir reaches a content of 25,000 acre-feet.
Any water available for storage after this content
was reached was spilled.

b. No release could be made from the reservoir when it
was drawn down to a content of BOO acre-feet.

Integration of operation with other units.

a, MWNo releases from upstream reserveirs were made to
help satisfy demands in this unit.

b, WNo releases were inade to help meet irrigation demands
in the Bostwick Division.

A column=-by-column explanation of the cperation study, table
152 follows:

1.

2,

3.

L.

5.

Ts

Years and months through which the vperation study
was made (January 1929 through September 19L7.)

The depleted inflow, table 137, is the historic
flow at lMedicine Creek Dam less the anticipated
depletion by future development abave the reser-
voir, This represents the water available for
storage or regulation,

Evaporation rate in inches, table 151, is the net
reservoir evaporation rate.

Rvaporation loss is obtained by entering the evapo-
ration chart, exhibit L1, with an average reservoir
content determined from column 12 and computing the
loss therefrom.

Seepage 1= estinated to be 3 second=feet, 200 acre-
feet per month, and was allowed to pass downstream

and was used in meeting publie health and fish re-

quirements.

Depleted inflow of iedieine Creek sectional gain,
between lledicine Creek Dam and Cambridge, table 139,

Flow of Republican River at Cambridge Diversion Dam,
exgluding flow of Mediecine Creek, after development
of upstream units, table 136,

Gol, & plus Col. 7.
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10 -

11.

ia

15.

16.

17.

18.

19«

20,

21,
22,

23,

2k,

Cambridge Unit

Total diversion requirements for 17,230 acres in the
Cambridge Unit. See table 1L9.

Demand on the reservoir is that portion of the diversion
requirements, Col. 9, not met by Col. 8.

Change in reservoir content is computed as follows:
Col. 2 = (Col. L+ Gols S £ Col. 10) - (Col, 13 £ Col. 1k).

The content at the end of the month equals the content
at the end of the previous month corrected by the change
in content as computed in Col. 11,

Shows such #pill as may be necessary to avoid showlng a
content at the end of any month (Col. 12) greater than
the sum of irrigation and dead storage, or 25,000 acre=
feet,

Shows such shortage (diversion requirements not met
in Col, 9) as may be necessary to avoid showing a
content at the end of any month (Col. 12) less than
the capacity of the dead storage of B00 acre-feet,

Waste is that part of Col. 7 not diverted (excluding
seepage from the dam).

Includes seepage (Col. 5), wastes (Col. 15), and
reservoir spills (Col. 13).

Return flow computed for 17,230 acres in Cambridge
Unit. See table 140.

Historical runoff of Republican River at Harlan
County Dam less historical flows of Prairie Dog Creek
near Woodruff, Sappa Creek (including Beaver Creek)
at mouth, and Republican River at Cambridge. See
table 158,

I'low passing Cambridge Unit. Col. 16 plus (ol. 17
plus Col. 108,

Flow of Sappa Creek and Beaver Creek depleted for
estimated upstream developments.

Col, 19 plus Col, 20,

Releases required to meet minimum flow at Orleans as
determined by Public Health Service,

Flow of Prairie Dog Creek depleted for estimated
upstream developments,

Col. 21 plus Col, 22 plus Col., 23,
283

KS002503



Cambridge Unit

Table 153 summarizes the Medicine Creek Reservoir Operation
studvy by years, This table shows that there would have been spills
in every year of operation with an average spill of 32 ,800 acre-feet.,

Exhibit L2 is a grapnic chart showing the proposed operation of
iledicine Creek Reservoir., Three hydrographs are shown on this chart.
The hydrograph at the top of the chart shows the water that will flow
into the reservoir.

The second hydrograph shows the total diversion that must be
made to meet all irrigation demands. The demands that are supplied
by reservoir storage releases and by natural flow are also shown.

~ The third hydrograph on this exhibit shows the reservoir content
and the spills from the reservoir.

Releases for Public Health Service.——Studies made by the Public
Health Service indicate that during the months of June through Sep=
tember there is a required flow of 3 second-feet on Medicine Creek
near Cambridge, Nebraska, and 25 second-feet at a point about 3 milee
below the junetion of Sappa Creek with the Republican River, near
Orleans, Nebraska. 1/ The allowance of 3 second-feet for seepage will
meet the requirement on Medicine Creek, In order to maintain a flow
of 25 second~feet, (1,500 acre-feet per month) at Orleans, releasea
were made from Medicine Creek Reservoir in the operation study in
August, 1931, August, September, and October in 1943, and October 19Lk.

Requirements for fish and wildlife

No water releases from the reservoirs for requirements of fish
have been made in this study. In the past the Republican River has
dried up during extremely dry seasons. Seepage from the dams and
return flows from irrigated lands are expected to establish a live
stream at all times. Tt is anticipated that the minimum flow re-
guirements for public health will be sufficient for fish habitat
requirements.

Water passing the unit after development

The estimated flow of the Republican River passing the Cambridge
Unit after development is shown in table 158, This flow consists of
wastes from Cambridge Diversion Dam, seepage and spills from Medicine
Creek Reservoir, rveturn flow from 17,230 acres in the Cambridge Unit,
and the increase in stream flow on the Republican River, between
Cambridge and Harlan County Dam, table 157, (excluding flows of
Prairie Dog Creek, table 156, and Sappa Oreek and Beaver Creek, table
155.) Historical flow of the Republican River at llarlan County Dam
site is shown in table 15h.

y "Kansas River Basin Water Pollution Investigation." Public
Health Service, June 1949, p.121.
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Table 15L.—Republican River at Harlan County Dam Site a/
1000 acre-feet

Year  Oct. Nov. Dec. Jan. Feb, Mar. Apr, May  Jume  July  Augs  Sept. Total

1929 224, 21,6 22,9 18a 13.k S8.3 5.y 55,6 1068 6B.6 11.8 8.k U533
1930 16.3 23.4 24,0 21.0 25.3 29.8 L7.7 B34 133.2 264 31,2 LS.k 506,5

1931 97.0 S52.8 37,5 33.h k0.0 5.0 Sh.2 k1.0 4ok 9.3 24,5 LS5 L79.6
1932 3.9 12.1 11.7 1.5 54.2 k2.0 29,2 26,5 96,2 17.6 26.L 19.5 353.8
1933 5.2 8.6 21,1 25.6 20.5 31.9 65.3 T1.1 13.2 8.2 u8.6 91.5 L10,.8
1934 19.2 20,5 34,7 30.8 25,0 33.7 25.8 B.7 66.0 5.2 2.6 23.7 295.9
1935 5.1 1.6 1,8 259 22,2 29.2 2.9 118.8 5shkL.8 LS. 6LSE 69,8 9822

1936 18.1 25,3 2L&é& 19,5 14,0 Lu.B 25,1 137,6 50.6 3,5 157 7.7  372.5
1937 2.k 11.9 17.5 8,8 3L.0 3Lk 205 23,8 98.9 323 A7 25,2 356,5
1938 6.9 11,9 13.8 253 23,3 30.8 36,0 71,0 Bi.k S7.h  37.3 39.9 L35.,0
1939 6.2 9.5 16.6 17.5 1L,8 34.8 35.0 38,9 106, 32.7 22,2 0.9 335.7
1940 0.8 L.2 1.8 7.9 15.1 38.6 23.L 20.7 69.2 Li,2 23.6 21,0 277.5

91 16.8 11,6 15.5 22.3 31.5 32.L L2.9 59.8 253.0 1L6.6 76.8 95,7 806.9
1942 37.4 27.8 25.8 22.8 33.8 & .5 85.7 6L, 8 157.5 40,2 5849 76,8 01,0
1943 26.2 29.1  31.7 20,9 35.1 35.9 56,9 22.B 66.5 13.8 3.1 6.3 3483
9ul 123 B.3 11,6 18.1  30.k 37.9 112.8 B7.3 118.6 185.L 62.7 n.a 685.5
1945 12.2 19.6 23.9 28,k 3.1 29.3 37.0 3h.7 163.9 k81 19,3 1ksS5 LB

1946 17.7 17.5 1.1 21.h  29.8 3k 20,2 L7.0 35.2 83.h 17.5 k9,3  38L.8
1947 275.6 58.9 Lo,8 2L 32k 55,k hlh b9 388,868 79.8 15,5 Te3 1065.7

366, 2 U7 « 79 .9 D H3l. N8, Q 5 + . 95« bt > .
Avg.  31.2 203 21.7 i 27.1 393 3.9 55.7 136k 9.9 31,3 32,7 511.3

:/ Runoff at Harlan County Dam Site estimeted as 96f% of the runoff at Bloomington,
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Table 155.—Historical runoff at mouth of Sappa Creek near Stamford, Nebraska a/
Discharge in 1,000 acre-feet -

Less Beaver

Mar. June J _ Total Cr. at Mouth
1929 1.6 © VTR i .00 320" T Be1 02T YT %06 0.3 37.9 147
1930 O ) 0 0.3 3.9 ‘09 24 53 23,7 27 Bk  Ba L3,5 254
1931 15.6 L.2 3.9 2.7 2.7 L8 7.8 LS L2 056 147 0.9 66.6 k.5
1932 0.3 09 0% «0:9 39 Al LR D00 WIS APk Y32 2.7 77
1933 0 0 1.6 29 0 2.5 9.2 95 1.7 0.8 0 7.9 33.5 19.0
193h 0.8 1.7 2.8 2% Lt 33" 18 2O LBE, T0.5F S0 3.7 27.4 165
1935 0.2 0.7 0 0.9 0.7 14 2.3 28,0 193 3,k B.9 10. 76.2 L6.3
1936 1.9 3.3 1,22 0. .0 5.3 0.6 18,4 4,6 0.3 0 (K | 34 20.1
1937 © 0 03 10 4.3 26 0.6 28 254 3.3 116 b 551 38.0
1938 04 0 0 D' Jhe 001" A0 ‘8@ Al BX b L'D.9 40.8 229
1939 0 0 0.1 O 0 0.6 1.2 5.9 18,3 UL,7 2.21" 0 32,0 18,2
1950 O 0 0 0 0.2 0.2 0 LT X' I35 6.4 7.6 32.3 22.5
/e 1k 0 0.L 0,2 0.9 0.3 61 5.t 56,9 21,6 11.6 2kh 1289 90.6
W2 3.9 2B AT LA 120 #2860 12 RS 358 A0 7.0 - 60 99.6 55
1943 1.4 10 L5 dal o 238 0388 T B Ay PO g wng (2. 27.3 16,5
194 O 0.1 0.1 0,6 058 0.8 6,8 1.k 13,5 73,4 18.3 2.8 128 783
1945 1.6 1.5 158 'Ish 1.5 2.k 2.6 2.5 6,9 15.5 3.0 0.3 LOB 22,0
1946 0.1 0.2 0.3 0.2 0.3 L 0.4 3.2 32 D 0.7 L.3 26.6 17.3
U7 593 Bub 5,3 o I .29 B2 3B FBe 5.3 1360 3:2" 1.0 263.6 96 .6
AV, :

a/ October 1928 through March 1929 and July 1932 through April 1937 (except May and June 1335) based on
correlation with increased discharge of Frenchman &nd Republican Rivers at Culbertson and Republican
River near Bloamington: M2y and June 1935 based on rainfall correlation.

April 1929 through June 1932 based on correlatiom with Beaver Creek at [udell and Sappa Creek near (berlin,
May 1937 through December 1945 based on correlation with Sappa and Beaver Creek near Beaver City.
Other values are records.
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Table 156.~Historical Run-off at Mouth of Prairie Dog Creek. 2/ Discharge in 1,000 acre-feet.

zg_a_x_'____gct.___ﬂov. Dec. Jan.  Feb.  Mar, ADPTe May June JﬂJ;__A_ug. Septe “Total
1929 0.8 0 0.7 G 0 2.6 1.3 2,2 6.0 1L.9 2.k 0.9 31.9
1930 hig Ocll Oth 003 102 0.8 1.9 3.3 12.8 1‘.6 309 3!7 35!2
1931 12.8 3.8 1,6 1.6 1.2 P | 1.8 1.6 1.k Na6 9.1 1.3 37.9
1932 1-0 0.7 0. ? 006 1]-[.8 1.3 1-0 3.2 3.7 0.8 1.2 1.7 30-7
1933 0 0 0.3 0.3 0 0.8 Seli  Seb 0.8 0.3 0 L.6 18.1
193L 0.3 0.6 1.0 0.7 0.2 1.1 0.9 0.k Se2 0«2 0 2.0 12,6
1935 0.1 042 0 Na2 0.2 0.k 1.1 " 13.7 10.k 1.8 Da2 642 39,5
1936 1.0 1 25 § 0.3 0l © 1.9 0.2 95 2.4 0.1 0 06 1742
1937 0 0 0.1 o 1.6 0.9 0s3 0u7 23.5 1.7 748 3.6 L0.2
1938 0.2 0 0 0.2 042 Ouls 1,6 SeT 12.h 3.7 D.7 0.8 2549
1939 0 0 0 0 0 0.3 0.2 S.L 1.9 1.8 0.7 0 20,3
15L0 0 0 0 0 0.2 0.2 0 1.6 0.8 12.2 Ce3 Dol 25U
1941 0.3 0 D2 D2 0.6 0.2 2.2 Le3 LS.6 21.3 B.2 22,1 10542
1942 2.0 1.1 1.0 0.9 0.9 1.1 7.9 3.9 18.9 8.1 12.0 342 61.0
1943 1.0 0.7 0.8 0,9 0.9 0.9 1.6 0.6 Te? 0.8 0.8 1.6  18.5
1Ll 0 0.2 0.2 0,7 0.k 0.7 Le6  1hel T2  L0sS 11,7 1.5  B8gse
1945 15 | 0.9 0.9 0.9 0.9 0.9 b 3 S % J Byl  10.5 06 0,2 27s2
19h6 0-1 0.2 0.2 0.3 0.1‘. 0-9 0.3 6.1 3.2 7.3 o.h 2'2 21.6
1947 29,3 3.3 1.8 1.3 1.7 L7 1e:3 3,6 0B:T 6.0 2.4 0.6 122.7
AVe

1929-L47 2.9 0.7 0.5 0e5 1.3 1.1 3.8 bS5 132 0 7. 3.8 3.3 Lo.?

a/ Based on drainage are relationship with State Line. (1138 = 111%)
(1528 )
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Table 157.—Increase in historical flow of Republican River Between Cambridge Diversion Dam and Harlan
County Dam Site a/

(Unit-1000 acre-feet)

Year  Oct. Nove Dec. Jan. Feb, Mar, Apr., May June July  Auge  Sept. Total
1929 0.5 0.6 0.6 0.8 0.k 3,6 2,0 2,7 13,0 3.k 0 0 27.6
1930 Okt 0.8 0.5 0.8 0.6 0.5 Zaly: Wl 2047 Osls 0.5 1.6 L0.9
1931 8.8 2.7 1.0 Db 1.k 1.6 L0 1.1 1,0 Dsl =045 0 21,8
1932 0 Onh 0.1 0- 2 1-1 1-5 o.h 0.5 1?'0 O.h 0.6 002 22nh
1933 0.1 O.L Ouls 0.8 0.7 0.1 347 Sel 0.2 0 3.6 13.4 28,5
1934 0.6 0.7 0.9 0.6 0.5 D47 0.6 0.1 L.0 0.1 =01 0¢S 9e2
1935 0 0.6 0.3 0.6 0.5 Ouk Oglt =145,3 6742 2.2 3.7 L6 -6L,8
1936 0.L 0«3 0.6 D5 0.6 1.6 0s6 2841 3,8 0 Oel 0 36,6
1937 0 0.3 0.7 0 06 0.7 06 0.7 3.0 043 0s2 05 7.6
1938 0.2 042 0e3 0.7 0.7 0.5 0.9 57 32 3.0 1,2 1.4 180
1939 0-1 0-3 100 0: 7 0- 7 1.2 102 Ooh 11-9 U‘S 0.? G 18‘7
19!&0 0 0 Ooh 0 0.6 1.11 0-? 0.7 803 OIh D 1&3 13.8
1941 0.7 0.5 0.3 0.7 0.8 f (O 1.1 3.8 LbS5 23.7 5a5 2.8 B75
1942 1.0 0.7 0.7 0.6 0.9 T«7 Be3 L6 5640 7.6 al.2 35.6 13L.9
19[[3 —2.2 0- h 0-9 006 1-2 l¢8 2!&-0 1-? zhtz 5-9 "'3 -0 "3.1 52'h
9L =2.1 0 0.3 0.7 0.9 1. 284 2.9 L33 =26.7 748 2.1 56.0
1945 =2.9 0.8 0.6 0.7 0.6 0.8 % My s S [ 0 0s5 0.5 50.0
19156 "'0.5 -]ué ""'lIIB ""3 09 2-1 009 1-1 "‘0'7 0'5 "6i3 1005 28.6 26.2
1947 84.9 6.0 el  =2,7 1.3 S, =0.2 3.5 110,k 22.1 4.8 2.0 2L2.6
Ave. b7 0.7 0.5 0.2 0.9 1.7 hal =3.8 25.3 2.0 2.5 be9  U3a7

a/ Does not include any flow of Sapa, Beaver or Prairie Dog Creeks
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Table 158.--Computed flow of Republican River passing Cambridge Unit after development of proposed upstream units

(Umit = 1000 acre-feet)
Year Jan, Feb. Mare Apr., May June July  Aug. Sept. DOct. Nove Decs Total

1929 19.8 15.6 9.3 29.0 Lk 7L 363 1.5 1.6 k.0 5.9 8.1  289.9
1930 6.7 b 23k 3789 76,8 921 13.0 13 Ao 575 40.7. 31.3" 409

1931 28.1 36,5 39.8 L2.8 30.6 30.9 0.L 1.0 1.1 1.k 1.1 1.2 21k.9

1932 1.1 1.9 18,0 16,1 1k 78,0 1.5 2.0 9,2 1.5 1.6 3.1 18,1
1933 L7 L2 16,2 39,L 39,3 1L 1.3 5.  LS.7 2.1 15,1 2B  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 1hh.2
1935 3.3 5.0 6.9 3.5 35.0 507.2 3.k 28,0 35.0 k.5 12.8 12.3  656.9
1936 13,2 3.k 36.7 1.8 112.7 13.2 1.7 2.2 Lok 2.1 L.5 7.0 212,9
1937 1.8 13.8 9.L 1.5 1.7 13.8 9 Al 3.3 2.3 6.8 6.1 63.1
1938 L2 105 Bh 1,0 50.2 1627 148 124 19 1.9 5.1 9.7 17L.
1939 15,5 13.2 35.3 12.5 20.5  56.2 L.8 3.6 2,1 1.9 L3 L.9 17L.8
1940 1.k 2.0 5.2 2.6 12.2 31.2 3.5 1.9 3.3 3.6 2.2 L2 73.3
1941 8.2 8.1 15,1 2h.6 L2.9 138.0 5.1 5.1  L2.9 16.1 19.k 2k, 7 Lho.9
1942 21,k 321 63.6 67.1 L9.9 106.2 8.5 12.2 39%9.1 1.6 20,5 2Lh6 k6.8
1943 181 33.5 33,5 L1 5.7 « ~32a% 7.1 0 0 0 0.2 ko2  176.1
19kkL 1,8 2.0 10,00 792 59, 9L.2 65, 27.2 2.9 0 L.7 L6 351
19L5 6.3 Lk 23,1 28.2 26,1 136.6 1.2 1.9 2.0 0.9 6.6 7.2  25L.5
19u6 15.2 20.7 30.6 1.9 18.9 1.5 32,3 12,0 35.0 168.1 37.6 32,5 L19.3

Avg. 12,2 155 26.6 25.2 36,0 91,5 16.9 8.4 231 151 N0 12,0 284S
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Cambridge Unit

Summary

The water supply studies presented herein indicate that there is
a sufficient water supply to serve the 17,230 acres proposed to be
served in the Cambridge Unit. MNo shortages are expected and it is
likely that spills will occur from the reservoir in practically every

year of operation,

292
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CHAPTER V1

_ EFrECTS 6F DIVISION DEVELOFMENT
IN THE KANSAS RIVER DRAINAGE AREA

Dagletionn

Table 159 summarizes the depletions in the Frenchman-Cambridge
Division, This table shows an increase in the use of water by 68,570
acres amounting to an average of 8l,500 acre-feet annually. The
total average annual use, including both Fureau of Reclamaticn project
lands and private development averages 94,600 acre-feet annually.

This consumptive use of irrigation water is accomplished through
the use of 130,000 acre-feet of irrigation storage capacity in the
Division. This compares with 136,500 acre-feet of irrigation storage
capacity required to irrigate a total of 188,360 acres included in
the Bureau of Reclamation plan for development in the drainage area
of the Republican River.

Effect of Develoment on Bostwick Division

The development of the Frenchman-Cambridge Division as presented
in the plan of development would not cause intolerable shortages in
the potential units of the Bostwick Division. The operation study
for Harlan County and Lovewell Reservoirs is made up in two parts.
Table 161 shows the computations to determine the total demand to be
met by Harlan County Reservoir and table 160 is the operation study
of Harlan County and Lovewell Reservoirs. The operation study for
the Bostwick Division is based upon the depleted inflow to Harlan
County Reservoir &llowing for development of the Upper Republican
and Frenchman-Cambridge Division on the Republican River plus develop~-
ment of the Kanaska Division on Sappa, BDeaver, and Prairie Dog Creeks.
The average annual depletions that will be incurred by development
of the Kanaska Division are listed in table 162. Table 163 is a
summary showing annual depletiong that will be incurred by development
of the Bostwick Division,

Storage allocations in the proposed reservoirs of the Kanaska
and Bostwick Divisions are shown in table 16l, The potential project
areas in the Kanaska and Bostwick Division are listed in table 165

Discussion of general plan of operation

The rights for the use of water by various canals and reser-
voirs proposed by the Bureau of Reclamation in the Frenchman-
Cambridge Division have been protected by appropriation filings with
the Nebraska Bureau of Roads and Irrigations The existing water rights
and their dates of filing for features that propose to receive water
from the Bureau of Reclamation development in the Republican River
drainage are shown in table 166,

293
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Table 16L. Reservoir storage capacities for Reservoirs in Kanaska and Bostwick Divisions

Storage in acre-feet

Conseryation or Active irripation

Dead at end of S0-years at end of first Flood
Reservoir first 50 years Sediment. 50 years Control Total
Beaver City 0 9,000 11,700 20,000 L,0,700
Oberlin 0 8,000 1k,800 20,000 L2,800
Norton 0 9,000 20,000 20,000 9,000
Harlan County a/ 75,000 100,000 175,000 500,000 850,000
Lovewell 2,000 8,000 3L,000 39,000 b/ 83,000

a/ Being constructed by Corps of Engineers

b/ Corps of Engineers tentative allocation
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Table 165.—-Potential Project Lands in the Kanaska and Bostwick Divisions

Colorado Kansas Nebraska Total  Total
New ©Presently New Presently New Presently New Presently Total to be
Umt Lands Trrigated lands Irrigated Lands Irrigated Lands Irrigated Irrigated
Beaver City 0 0 0 0 1,200 0 1,200 0 1,200
Oberlin 0 0 1,500 0 0 0 1,500 0 1,500
Almena 0 0 5,000 0 0 4] 5,000 0 5,000
Franklin Unit
Franklin Canal 0 0 0 0 12,k00 0 12,400 0 12,400
Naponee Canal 0 0 o} 0 1,360 0 1,360 1,360
Franklin So. Side Canal 2,090 0 2,090 2,000
Total 15,850 15,850 15,850 -
Red Cloud 0 0 ¢ 0 1,L80 1,LBo 0 1,L80
Superior-Courtland Unit
Superior Canal 0 0 0 0 7,L00 0 7,L00 0 7,L00
Courtland Canal 0 0 12,870 0 3,560 0 16,430 0 16,130
Total 12870 10,980 23,530 73,830
Republic
East Side Canal 0 0 7,650 0 0 7,650 0 7,650
West Side Canal 0 0 1,500 1,500 1,500
Total 3,150 3,150 3,150
Scandia _
East Side Canal D 0 12,700 0 0 12,700 0 12,700

Courtland Canal below Lovewell 0

[=]

28,280 0 0 0 28,280 28,280
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Effects of Division Development

Thie table shows that the priorities were esaentially established
in two blocks with the priorities of the Frenchman-Cambridge Division
senior to the Bostwick Division and to Harlan County Reservoir, No
filings are listed for Swanson Lake and Red Willow Reservoir in table
166 because appropriations for the storage of irrigation water have
not yet been requested for these two reservoirs, hence they will have
priorities junior to the priocrity of the Harlan County Reservoir.

The storage of water in Enders and Medicine Creek Reservoirs and
the diversion of natural flow by the canals of the Frenchman-Cambridge
Division as presented in this report were made in strict compliance
with priorities shown in table 166.

Swanson Lake aud Red Willow Reservoir were operated in this study
without regard to the senior appropriation of Harlan County Reservoir.
These operation studies prove that storage of water could be made in
these reservoirs without violating priority laws in all years of the
operation study, 1929-1947, except 19L40. Shortages occurred at the
Harlan County Reservoir during 1934 and 19L0. However, in June of
193] the Harlan County Reservoir spilled, therefore the water stored
in Swanson Lake and Red Willow Reservoir that year could not be
classed as Harlan County Reservoir water. The plan of operation of
the reservoirs in the Republican River Pasin requires that water
will be stored first in upstream reservoirs and released to share
shortages in downstream reservoirs as required. The capacity of
Swanson Lake was designed with excess capacity to regulate surplus
waters. The Fureau ol Reclamation's plan of operation is based upon
the concept that the Federal Govermment will retain control of the
stored water to the extent that such storage can be administered to
supplement natural flow so that all areas will share the supply.
Follewing this plan of operation with all upstream reservoirs storing
all of the water reaching those reservoirs, a shortage of 52,L00 acre-
feet occurred in the year 1940 for the Harlan County Reserveoir and
the land of the Fostwick Irrigation District. During the 1939-L0
storage season 33,200 acre-feet of water was stored in Swanson Lake
and 5,L00 acre-feet of water was stored in Red Willow Reservoir
which might bave been identified as belenging to Harlan County
Reservoir because of its higher priority. This water released from
these 2 reservoirs would have reduced the shortage for the Bostwick
Division lands from 10.8 to 2.8 percent of the consumptive use
requirement, and would have only increased the shortage for the
Meeker-Driftwood and Red Willow Project lands to 1843 and 16.l percent
respectively for these two areas. These shortages would still have
been within the tolerable limits. Following the rule of sharing
shortages, the shortage for all lands in the 3 areas would have been
approximately 5 percent of the consumptive use requirement.

The irrigation storage space in Red Willow Reservoir and Swanson
Lake was designed to irrigate Nebraska lands with water allocated to
Nebraska by the terms of the Republican River Compact. The plan for
development provides sufficient storage in Nebraska to irrigate all
of the irrigable land in the valley floor of the Republican River
plus & considerable area of table land, however the plan has not

308
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Effects of Division Development

provided sufficient storage space or land to use all of the water
allecated to Nebraska under the terms of the compacte The develop=
ment has been restricted due to economic:.reasonss

Nebraska irrigation laws require that secondary appropriation
be filed for the use of storage water from reservoirs and the lands
on whieh the water will be used must be specified. These secondary
£ilings have not been made to date, however, in this report the
reservoirs were operated on the basis that the appropriations for
the use of storage will be made to use the water from any one reser-
voir on the lands of just one unit,

The maximum utilization of the reservoir storage capacity for
irrigation purposes in the Republican River system to meet irrigation
shortages where they exist requires that some flexibility be per-
mitted in the use of storage water.

Secondary use filings for storage water, in accordance with
Nebraska irrigation law, will be made for each of the reservoirs
which will permit the flexibility in the use of storage water to
share shortages.

During the first 50 years of operation there will actually be
extra storage space which will not have been assigned for irrigation
use. The space reserved in each reservoir for sediment will be
usable until such space is filled with sediment. The priorities for
the canal systems do not need to be changed for the situation is
preferable as it exists. The scnlor priorities for use of natural
flow by canal systems should remain in the upstream area, for the
diversion of natural flow waters will permit the greatest reuse and
provide the greatest amount of return flow thus having a tendency
to stabilize the [low of the Republican Rivers

The annual shortages experienced by the reservoirs in the
Republican River drainage as taken from the operation atudies for
these reseryoirs are shown in table 167« This table shows that at
times deownstream reservoirs were experiencing shortages, while
upstream reservoirs had only minor shortages. The greatest use of
water would be made if all the reservoirs were to be used to adjust
or meet shortages where they exist. Some of the water which was
shown to have spilled would have been made usable. Table 168 lists
the spills which occurred in reservoirs of the Republican River
drainage when the units are operated independently. Small amountas
of this spilled water could be made available for irrigation through
an integrated scheme of operation. Such a scheme of operation has
not been included in this report. Integrated operation would not
make it possible to irrigate any more land or to change the balance
of acreage as shown for tne plans of operation which are proposed.
The prinecipal benefit to be obtained from integrated operation would
be to adjust the shortages so that some shortages for the over-all
gscheme would be reduced and the severity of shortage for any one
area would be minimized,
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Table 167. BShortages

for Essarveirs in Republican River Drainage Ares when units are opsrated

independently (1929-1947). (Sortages indicated in 1,000 ssre-lest and peresnt of consumptive use.)

TRAR : RESERVOIR
T —— e = e
— W8 Neisine — =
T IAY O IO e T I IR O3 e e ey
1931 o 0 0 0 o0 o o 0 o ¢ ©O0 0 2.7 L8 0 o 6 0o o o ¢ o o o
19% ©0 o O 0 ©Oo O ©0 0 51 7.9 O 0 B8.3136 0 O 0 0 3.3 Lk 10.2 3.4 sh.l 10,k 3/
198 S00 0 00 S DLG i 0E0 0 00 ;0. G sl 04 L0y D 0 0 0.7 9.8 1.3 51 1.2 a
19% 0 0 0 © 0O 0 O 0 18 133 0 0 58101 O O 0O 0 o 14 0 O 0 0
1937 ©o 0 0 0 0 06 o0 0 nk 107 0 0 33 S8 0 0 0 0 A3 W1 LY 2 o ]
1938 o 9 0 0 ©0 0 0o 0o o o o0 o A 7 0 0 c o o o 0 o 0 0
1939 o 0 o o o o 0 0 123 L.2 0 0 55 96 o o o o 2.9 389 3.6 13.5 0 o
190 ©O0 0 0 0 18 66 0 0 O 0 O Op/hki 7.29/0 0 © 0 21 285 532001 S2.k 1089/
1943 o 0 0 0O o o 0 0 7.4 69 0 o o o o o o o o 0 o 9 0 0
a/ Mo desand could bs made on upetream reservoirs for additicmal water.
b/ If mater stored out of priority wers relsased to the Earlan County Reservoir, it would camse a consusptive wee requiressat shortege of
14,300 acre-fest or 1£.3 percest on tha lands served by Swanson Lake.
g/ If mter atored out of priority were relsased to the Harlan Cownmty Besarveir, it would csuse & consumptive use requiresent shortage of
9,600 scre~feet or 16,4 percent an the lands served by Red Willow Rsservoir.
4/ If water wtored out of priority im Swenson Lake and fisd Willow iss. Serw relessed and used in the Bostwick Division, the cossusptive

uss requiresant shortage would bhave besm 13,800 acre-feet or 2.8 percent.
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Tabls /42 . Bpills comerriag in Eeserwira of Bepubliosa River Drxisage ires whem units are oparated isdepsmdently (1929-1947).

{1000 agre-feet)
TRAR MESESOTR
Upper Repablises Frose ame-Cenberidge ’ Kasaska Bostwisk
DMvision Divisisn Divisiss Division
g Pera Bomny Enders ~jaks  Ellew Cresk City Qbarlia  Nortom Crm=tg Lovessll
1929 8.2 1.5 11.5 akn 4.0 6.5 2.0 b 1.8 8.2 238.0 12.1
193  10.5 12.5 12.0 0.6 n. 0.k kS.2 oy 6.3 159 2604 0.3
153 L.5 7.6 1.k 27.5 AS.7 5a 23.1 131 2.5 2.7 2083 3.2
19%2 8.5 3.2 1.8 1.9 3.0 ) 15.3 2.3 (-} ba 67.6 o
1933 8. 10.7 2.k 6.7 84,9 [} 17.5 9 e 0 3.7 o
193 6.2 b | 115.8 12.8 »3.7 0 k2.1 6,8 <] 0 8.8 6.8
1936 6.k 8.1 2.1 157 17.0 0 19.5 S.1 0 0 16L.0 1.7
1937 3.6 o o 0 0 0 6.7 0 0 () ] o
1938 8.7 6.0 97 k.l 32.0 0 30.2 3.8 ] ] 0 ]
199 k.S 3.7 5.3 k.? .1 o k.5 1.3 0 o 80.6 0
1960 1.5 ] 0 28 0 o 26.1 0 o 0 o [
1541 9.8 6.0 2.7 20.7 99.0 0.8 82.7 19,2 LA 37.9 353.0 25.5
19k2 B.7 8.8 25.4 32.1 135.5 16,4 57.8 30.8 6.3 25.8 540.5 19.6
1943 L.9 S.h 8.k 1.k 30.3 3.6 19.7 2.5 0 1.6 167.3 29,1
154k 1. h.7 1).0 63.5 13.9 57.0 3B.a .4 27.8 360.1 12.1
1945 7.3 1 6.5 2.1 RN.2 12.1 P.3 6.6 1] 1.0 5.2 70.5
1546 5.2 3.k 10.0 21k [ 1.4 k6.1 2.4 3.4 19.6 3718.2 3t
/1947 741 3.9 160 3.1 106.5 17.7 87.6 26,1 5.1 2.0 593,k 3%.6
Awrage 6.5 5.0 1.k 16.2 73.0 3.9 36,1 10.7 3.8 9.2 199.0 12.1
a/ Jan.-Sept.
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Effects of Divisicn Development

The change in the delivery of storage water to share shortages,
which might be affected through an integrated scheme of operation of
the reservoirs would not effect the delivery of natural flow that
was assumed in thess studies.

The studies herein included demonstrate that an adequate supply
of water is available to develop the Meeker-Driftwood Unit of the
Frenchman-Cambridge Division, It has been determined in a separate
study that the atorage space in Swanscn Lake and Enders Reservoir,
originally allocated for sediment may be too large and may bs usable
to cffset the sedimentation of irrigation space in lledicine Creek
Reservoir. During this initial period of operation there is also
available for storage the space in Swanson Lake and Enders and
Harlan County Reservoirs which has been allocated for sedimentation
which will be usable to store water to meet irrigation demands.

This amounts to 107,800 acre~feet in Harlan County Reservoir, 7,000
acre~feet in Enders Reservoir, and 59,300 acre-feet in Swanson Lake,
of space which has not been used in the studies to meet irrigation
demands:. This storage space will be usable to aid in meeting irriga-
tion requirements during the period that return flows from the
irrigated lands would be developinge

In view of these facts the construction of canals and distribu-
tion systems in the Frenchman-Cambridge Division should be completed
as soon as possible. The sedimentation rate of some of the reser-
voirs in the Republican Drainage is high, therefore the canal
distribution systems to acquire storage water should be ready to
divert it as scon as the reservoirs are completed il the maximum
use is to be wade of the storage capacity provided.

Sedimentation g£ Reservoirs

Engineering studies are now being made to increase our knowledge
regarding the probable sedimentation of the reservoirs in the Kansas
River Basin and to improve our estimates of the sedimentation which
will take place in the proposed reservoirs. These studies are not
yet finael and are not included with this Appendix. The results of
their Findings will appear in a separate sedimentation appendix to
the Kansas River Basin Report which will be submitted at a later
date. Studies accomplished up to the present time indicate scme
disagreement with the original estimates of sedimentation in the
reservoirs proposed for use by the Frenchman-Cambridge Division.
Results of these studies will have to be berne out by additional
information and definite answers will not be available until the
report is submitted. However, these studies do indicate that a
considerable greater quantity of sediment will be deposited in the
Medicine Creek Reservoir than was originally indicated. According
to these recent estimates irrigation space in the Medicine Creek
Reservoir may be completely filled at the end of the fifty-year period.
If the indications of these studies are borne out, adjustments will
be necessary in the allocations of space for the various uses in the
reservoirs
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Effects of Division Development

The field working agreement between the Bureau of Reclamation
and the Corps of Engineers regarding the operation of the Medicine
Creek Dam and Reservoir provides that "the District Manager shall
at reasonable intervals make necessary field surveys and office
studies to prepare estimates of the volume and location of sediment
deposits in the reservoir. If the results of these studies show
that the storage available for flood control and irrigation is
reduced by an amount exceeding 10 percent of allocation for either
purpose, the operating agreement plan described herein with respect
to the elevation limite of storage allocations shall be reviewed
with the view of equitable distribution loss of reservoir capacity
between the primary reservoir uses."

While the present studies indicate more sediment for the
Medicine Creek Reservoir than the original estimates, the present
study shows less gediment will be deposited in Swangon Lake and Enders
Reservoir than originally estimated. According to the most recent
study, 50,000 acre-feet of sediment will be deposited in Swanson Lake
after 50 years as compared with the original estimave of 64,000 acre-
feet. For the LEnders Reservoir the new estimate indicates 2,000 acre-
feet of sediment will be deposited at the end of 50 years as com-
pared with the original estimate of 10,000 acre-feet. These two
reservoirs are upstream from the Casbridge Canal lunds which are
shown in this study to be served from the Medicine Creek Reservoirs
Therefore, the additional storaye space in these two reservoirs could
be used to offset the reduction in space due to the accumulation of
sediment in the Medicine Creek Neservoirs

Studies are now under way to devise means of reducing the sedi-
ment rate of the Medicine Creek Feservoir either by retention dams
upstream or by soil erosion control in the Basin above the reservoir.
Such control may be obtained which will materially reduce present
indicated rates of sedimentation.
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EBffects of Division Development

iepublican Hiver Compact

The drainsge basin of the Republican River lies In the three atate:
Colorade, Kansas, and Nebrasika. An agreement known as the fepublican
Rlver Compact was entered into by these three states in order "..... to
provide for the most efficient use of the waters of the Republican Rive
Pasin for multiple purposes; to provide for an equitable division of =su
waters; to remove all causes present and future, which might lead to co
versies, should promote interstate commity; to recognize that the most
efficient utilization of waters within the basin is for beneficial cone
tive use;.. "1/ Under this agreement specific allecations in acre-feet
per aere were made to each state. These allocations were depived from
computod average annual virgin water suonly originating in desienated
druinage basin or, parts thereof, of the Republlican River Drainage Basi
mder terms of the compact a total of 57,L00 acre-feet was allocated to
Culorads, 230,570 ncre-feet was allocated to Nebraska, and 150,300 acre
faot wna allacated to Kansnas.

The plan for development of the sntire Renublican River Basin prov
sufficient storage in Nebraska to irrigate =11 of the irrigable land in
the valley floor of the Renublican Kiver plus a considerable area of tn
land, but the plan has not provided suffleiont storage space or land te
use all of the wator alloeated to Hebrraks under the terms of the compa

17 From Article T, Repubiiesn River Compact.
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