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Dear Mr .i1i.1s

iursuant to your letter of Jine 22 we have made rather

hurried stud of the water slof the ublicar Rier csin
The first draft of our tentative report is enclosed for o1u oerusal

and criticism

Data frc -re cnfidentiai re.orts bc th tre irsr Enir
and the ureu of ec1amation were used as basis for the scope of

new development and t.r15 ninopal features the varir sort eulsted

rojects Iour records of strea-n che.rre were used in the deter

ninatr of evciiablc water The lOiear averace lPi7
with f1oo disc.crces of and June 19Z5 encluded was used ecause

manr of the records dt not eoterd ceyond 19Z0 and this rerio tend
to reduce them to ore nearly comnarable basis This period also

gives conservative estimate of the available water supply

have checked the reservoir capacities and cost estimates and

the findings are incorporated in our renort In determining the

depletions due to the developsient of the most feasible storage pos
sibilities for irrigation in combination with floodcontrol together

with the reclamation of the most desirable irrigable areas we merely

assumed consumptive use of 33 per cent of the headgate diversion

of 2.0 acrefeet per acre plus the reservoir losses computed from the

average capacity of optimum storage for irrigation and silt ac
cujqulations The monthly discharges were used in conipiiting the optimum

storage or that quantity of storage which could be accumulated at

certain site and utilized economically for irrigation purposes



If we have adopted methods of analyzation which are inconsistent

with your intended plans of makin this study please let us know and

we shall proceed in accordance with your instructions

By not knowing bust ien wanted this material for the meet

ing of the Republican River representatives we were anxious to et
our firidinvs submitted to rou as coon as possible so that we niht

have an opportunity to make revisions and aditions based on your

suggestions before the committee convened

er trulr our
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1orth Fork of Republican River

The North Fork the Republican River where it crosses the

Colorado-Nebraska line average5 35500 acre feet annually after hay1R -d

irig served some 3920acres inColorad9 An additional 1680 acres are
.--

.- ...

irrigated in the basin below the state line in Nebraska The

greater part of the land ow being served is under the Pioneer Ir

rigation district Without storage facilities the irrigation re

Quirements under existing projects cannot be sup lied Since 1930

the monthly ruiiofi has raned from minimu of 300 acrefeet in

July 1934 to U500 acr feet in Larch 1932 Thirty per cert of the

runoff occurs during the iaySertembr period

Arikaree River

The Arikaree River drainage area is practically all in Colorado

althoue.h it traverses the extreme north western corner of Kansas axid

the south western corner of Nebraska e1ow the ColoradoNebraska

line at the iouh of the river near iiaigler ebraskc the meat annual

discharge is 17400 acrefeet The Tar_September diceharge averaes

55 per cent of the total annual At present there are only 120 acres

being irrigated along this streasi all of which are in Colorado Viith

the construction of darn at the Beecher Is.land site in Colorado for

the creation of 28000 acrefoot reservoir 16000 acrefeet as

optimum for irrigation and 12900 acre-feet for silt accumulations

the irretrievable loss from reservoir evaporation would amount to

3120 acrefeet and the consummtive use for irrigaticn would aggregate

4224 acrefeet annually This supplemental water supply would be

available to serve 6400 acrea raloxig the Arikaree and Republioan rivers



-----Ofthe irrigable land 8usceptibl-e of irigation from the water supply

of this stream 4800 acres are in Colorado 600 in Kansas and 1000 in

Nebraska The development would res1t in tots.l depletion of 744

acre-feet annually thus reducii the discharge at tho mouth of the

stream from 17400 to 1O05d acre-feet

South Fork of Republican River

The South Fork of the Republican iiver rises in Co1ora.o crosses

the nor twestern corner of Kansas and oins the Ke ublican River iear

enkelman Iebraska vere it dicchares 41530 -.crefee aruual.y

Fortysix per cent of the annual flow occurs durinr the 1\TaySeptesiber

period Approximately 30500 acrefeet of the runoff of the stream

originates in Colorado and practica1l- all of tlc reainder of 11000

acrefeet is contributed by the area in Kansas tt present E00 acres

are under irrigation in Colorodo and 200 acres in Kansas ..ith the

ccnstrucicn of dar at the iale site in cloraf-o for the creation of

309u0 acrefoot reservoir 1700 acrefet as tZ .-uiu for

storage and l300 acefect or si1 accuulati-rs the irretrievable

loss from reservoir evaporation would amount to 492 acre-feet and

the ccnsumptimt use from irrirwould agreate 11200 acrefeet

The supplemental water supply would he available to serve 17000 acres

all of which is

of irrigable land/in Kansas Such development would result in total

depletion of 15912 acrefeet annually thus reducing the discharge at

the mouth of the stream from 41500 to 25588 acrefeet

Frenchman River

..-

...It.is estated that 16000 acre-feet are contributed annually

by the upper part of the Frenchm River drainage tem in Colorado



_______

--- -w- .-
The drainage area in Nebraska oontributes about 67lO0acrefeet4.-

annually making total annual flow of 83100 acrefeet at the mouth

of the stream near Culbertson Nebraska Twentynine per cent of the

total annual discharge occurs during the MaySeptember period All

the potential irrigati a1on this stream is below the Colorado

line

Nebraska/r the latter state All the existing irrigation of 16680

fTh

acres is 1ebraska Assuming 38100 acrefoot storage reservoir

at Rarvey of wiich 29000 acre-feet were optimum storage for ir

rition arid 9100 acrefeet for silt accumulations the irretrievable

loss from such reservoir would arnout to 4325 acrefeet annually

.ljth 42000 acres of irrigable land along the Frenchman Blackwood

Creek and the Republican River the consumctivo use for irrigata would

be 27720 acrefeet The storage and irrigation depletions of 32045

acre-feet would therefore reduce the Frencl-u-nan River flow to 51055

acrefeet

kedicine Creek

Iedicine Creek lies wholly vthin the State of Nebraska Forty

nine per cent of the total annual discharge of 44829 acrefeet occurs

durinr the MaySeptember period There is nóirrigation of any

consequence along Medicine Creek at the present time although there

are active appropriations totaling 173 second-feet The operation

of reservoir on Aedioine Creek 25O0O acrefeet as the optimt for

irrigation and 8400 acrefeet for silt aocumulations would result

in reducing the annual flow from 44829 to 4.27 acre-feet

There are sane narrow strips of..irrigab1e-.1ancIin the-Med..toineCreek
volved it

_s.._A7 .j
on Medi.oineCreek.bewhedjjte

.rn

.-



depletions resulting from reservoir evaporation losses and the consum

ptive uses fr irrigation would aggregate 23256 acre-feet The

annual discharge of the river at 1ax would be reduced fran 154756

to 131500 acrefeet The total depletion above the Harlan county

reservoir site would amount to 138760 ace-feet thus reducing the

flow at this poin from 109lCO tc 270 740 acrefeet Assuming

reservoir capacity of 269000 acre-feet of which 200000 acrefeet

would be the optimum for irrit.on and G000 acrefeet for siltinc

the depletions for that part oi the so-called Lower Republican

River project in 1ebras1 embracinF some 49000 acres end the

reservoir losses prorated oetweeri the trio Etates wald total 54G25

acrefeet Therefore the depletion in flow for all cleveicnnents

herein described above hardy would total 193785 acrefeet and the

annual flow would be reduced frcn 4EJ9UC to 275515 acrefeet

-6-
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stream could be Dtilized me advantageously in the Republican River

Valley Part of the wter supply of Red il1ow Creek will also be

stored for irrigatici along the north side of the Republican River be

tween Cambridge and Oxford

eaver and Sappa Creeks

The headwater tributary of 3eaver eek rises in Colorado although

the drinaRe areas for Beaver and Sa Creeks may be considered as

entirely in Eansas and Nebraska At the ehraskaansas line beaver

Creel dischares about 9500 acre-feet annually and Sappa Creek

14400 acre-feet At the site of the dams near ieaver City Nebraska

the disc1arges have ineeased to 14400 an 17200 acrefeet respectively

At present only 400 acres in lebraska are being irriratec There are

some areas in Kansas along Beaver Sappa and Prairie Dog creeks

which are susceptible of irrigation hut the water supply is too

irleager and uncertain to justify the eyditure involved Yith

the oonstruction of dams near beaver City on eaver Creek 14000

acrefeet is optimum storage for irriatior end 15700 acrefeet for

silt and on Sappa Creek17000 acrefeet as optum storage for

irrigaon and 15200 for silt there could be served 24000 acres

of.irrigable land between the dam sites and the Republican River

Such development would result in total depletion of 26300 acre

feet 10460 of which as evaporation loss from reservoirs and 15840

as consumptive use from irrigation The mean annual discharge of

6crefeet of the streams would be reduced to 5300 acre

feet

Praar.e Dog Creek

The jor part of the Prairie Dog Creek drainage basin is in

4-



-.
nsas he óff eervoir site hear the nsasNebraska

line the run-off aveiages 32700 acre-feet annually There are only

400 acres being irrgated alor the stream at the present tame All

this land is in Nebraska About 6000 acres 1600 in Kansas and

4400 in Nebraska are susceptible of irrigation from the woodruff

reservoir By assuming an optixatn storage of 13000 acrefeet for

irrigation 9400 acrefeet for silt accumulations the in

retrievable loss from reservoir evaporation wo1d amount to 4290

acrefeet and the consumptive use for rriation below the reservoir

site would aggregate 3960 acrefeet making further deductions

of 6600 acre-feet for the irrigable land above the Woodruff site

the ultimate depletion woi.1d total 14850 acrefeet Pull de

velopment would result in reducing the runoff of the stream from

32700 to 17850 acrefeet

Republican River

About 60 or 1879u0 acrefeet of the tributaryacoretions to

the Republican River in Iebrazka enter the strean from the north side

Colorado contributes 99400 acrefeet 21% of the run-off above

Hardy Nebraska and Kansas 67600 acre-feet or 14 per cent Fifty-

five per cent of the total annual run-off of 468900 acre-feet at

Hardy occurs during the May-Septiber period The total inflow from

the principal tributaries to the Republican River is 319100 acre

feet Above Hardy Nebraska accretions.to the main stem of the

Republican and intermittat tributarieS for which no reoords are

naintained aggregate 149800 acre-feet annually new -de.opments

inthe fiepublican iver and tributarie sabovexebraskathe

.c
i-



R3729 BASIN

000

1950
27 720

4325
196

1950
3011
3502

26300

BofR

29000
12000

Report

15500
25 000

14000
17000
13000

200000

396 7344
11220 15912

1950
27720

4325
2196
1950
3011
3502

26300

14850
99851

FIC lENT UTILIZATI OF THE SlT1FACE WATERS Ci THE RETr-UELICAO

Project Army Engrs 6eservoir

cork

lo

jhnan

Arikaree-flepubli can

Hale_St Francis

Flood Optimum Storage

Control
For Irrigation

Frenchman Valley

aSeecher Is
aJ-Iale

Buffalo

44000 1i200 16000
65501 17500 17000

4500

Red Willi
Medicine

Jil low

ems

ie Dog

1ican

44000

Beaver -Sapp

24900

27601

Enders

Harvey
Falisade

ça Hlackwood

aRed lillow

41edicine

aBeaver City

aSappa Cr
aWoodruff
aHarlan 10

Prairie Dog

Lower Republican

tal

25000
24500
43000
32 000

34000
939000

8500
7500

27000
24000
13000

200000

1269500 370700 363000

Silt
Av Stor 1es Evo.p Loss irriiab1e Land

Silt Area From Res of
of Irr cres Area 3.9C

Cob jiebr Ran

So Fork

r.__flA%_1

12000 14000 800 3150 4600 1000 600

13900 15450 1203 4692 17000
2250 500 1950

renchman 42000
Enders

aHarvey 9100 19050 1109 4325
-isade 5600 0600 5/33 2196

aB1ackwood 500 1950
eWi1low 6300 10900 772 3011

8400 16700 608 3502
eaver 19700 lo850 1302 5078 24 000

15200 16100 1380 5382
rairie Dog 9400 11200 1100 4590 4400 11600
tepüblican 69000 134500 7326 22285N 450001

6286K 49000L14000

Total

Consumptive Use Total

From lrrigation Consumotive Use

ream Acreae xDiv duty
Stor for Irr

2.0 .F .33 Cons Irrigation

Cob 1ehr Knn Oolo Nebr Kn Toa1

166600 265600 17453 68007 4800 165400 43200

3168 oOO 396 6288
11220 24692

27720

.Arikaree

Fork

luffalo

reuman
.Enders
àEarvey

Llisade

Laokwood

Jill

cine

ie Dog

blican

ox 15640

2904 7656
12040 9240

7194 7656
84325 15526

al 3108 109164 28512 T7o lT 34798 208911

1.by Army Engrs as preeentin best possibilities as multiple prpose sites

by Bur of Eec as presentii best possibilities as multiple purpose sites

rbitrarily reduced because of Sand i1i drainage

in 0010 to serve land in Jnsas

I.



Irrigation

Present

Because of the smiarid climate in the Republican River basin in

Iebraska the requirement for supplemental irrigation water vies greatly

by years Types of soil and toporaphic conditions in the areas where

irrigation is being nsidero appears conducive to suocessful irrigation

practices Local sentiment seeis tc favor cbanes in agricultural and

far-inr metodo ici cul be ececoar- ndrr irria-tion

xistinc develorents dooud almoot entirul ueor direct flow

diversions Cf tne total of 37750 acres ow being irriEate in the

Republican River 3asin 289.50 acres or 77 cr cent are in bebrc.sba

iftyeight per cent of all land irrirot3a in the ReuLlican River icin

in Nebraska is on the Frencbnan River The S.uth Fork and orth Fork

of the Republican are the trutaries next in imocrtance with reference to

amount of land irrinated

The discharge of the hl Ca hive at bobrachahansas line

466800 acrefeet it im-estimateo that 301900 arefeet oriolnate

within the confines of Nebraska At present l5O secondfeet have

been appropriated to serve 115500 acres under all existing projects

on the Republican River and its tributaries in Lebraska rvever rDt all

this land is capable of being served If all the available water supply

were conserved by meaiis of storage facilities and released when needed for

irrigation the supply uld greatl.- exceed that iow needed for existinp

projects

Future

The following five applications have been submitted to the Public

Works Administration as proposed Public Power and Irrigation districts
jo.\ -rner4 errce

in Nebraska and
reflec/the areas in which new irrigation is desired and

needed
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Colorado

Frenchman

No Fork

Arikaree

So Fork

Subtotal

Kansas

.ArjkŁ.ree

So Fork

Beaver

Sappa

Prairie Dog

SubtOtaL

Nebraska

Arikaree

Buffalo

Frenchman

Red Willow

isooo Est
35500
7400

7C500

99400

13000
35500
11112
30 500

93112

.exaination of the sullreveal that tributj

and onriver reservoirs with capacities aggregating 285500 acrefeet

were proposed by the project epplicationsvthi1e under the plan of most

efficient development for flood control and irrigation the same ntnnber

of reservoirs were considered sons different locations with cibined

capacities for irrigation excludir- flood control of 414300 acre

feet Under the project applications 152400 acres were to be

irrigated while under the second plan the compc.raile areas totaled

166400 acres

The following table summarizes the stream contributions and

possible depletions states

A3L3

Lean Annual
ketState Stream iJiscnarges

Depletions nrioution
t.193039 Av

creieeu Acrefeetiicrefee

3288

396

15912

7656

23964

660

1950
36191

3011
3502

11000 Net
9500

14400
32 700

67 600

8000
67100 Net
24500
44800

11

396
4912

50
14400J
25044

43636

660

6050
30909
21 489

41295

Continued



State Strea

Nebraska Continuec
Beaver-Sappa
Prairie Dog

Republican Main
stem minor

tributaries in Nebr

Sub Total 301900

TOTAL 468900

..C. -t- r--- w--s r- .--. -- --- .nr t-

Mean -AfluaL Net

Dischages- Dep1etions --- Contribution

193039 Av Acrefeet Acrefeet
Acrefeet

7700 26300 18600
7194 7104

149800 84325 65475

163133 138767

193385 275E15

1ote The mean is based on the last ten years of record This

period was used because it makes practically all records

comparable

ay and June flood discharges of 1935 not inciuded

averages

IrriEation Recuirement

Est from downstream records
Determined from Ludell and eaver City recds
Deterrnned from Oberlin and Beaver City records
That part of reservoir loss for l0acres
or 22 per cent of the Lower Republican project
not included

Includes storage in Blackv.rood creek

The irricatiori requ.rement for all orojects- hereir concidered was

assumed to be 2.0 acre-feet per ac-e at the point of diversion With

return flaw amounting to 67 per cent of the diversion the consumptive

use would be 33 per cent of the total annua diversion This con

sumptive use together with reservoir losses computed by multiplying

the average surface area based on irrigation storage plus silt ao

xumulations by 3.90 feet constitutes the total deplet4ons fran the

available water supply of the basin

oth Army Engineer and the Bureau of Reclamation reports indicae---

all the projeotsatudied at.on1ytieower

--

-i



utilizing storage water from the Harlan County reservoir as multiple

purpose reservoir1 would have repaynnt ability equal to construction

cost On all tributary proposals for irrigation and flood control either

separately or together the cstruotian costs will exceed repayment

abiTity

Estimates show that the additional cost of irriciation storage over

that required for floodcontrol varies from 63.00 to 73l.00 per acre

If the costs of storaie were rorae on the h.sis of proportional

amounts allocated to flood control od iriat.on the costs varj from

79.0O to 575.LO per acre

i.jQn 9P TICr COST ic7oiT GiAL
AbI IKRIGAT.01 YNTS AAILA.L LF RETIREENT CF

IiRIATC PROJECTS

Annual Annual Available for Re
Pamient by tirment of Const Const

Toject /ater Joer Charge Cost Cost

Annual 40 yrs
Frenonnan Valley 3.OO .4.48 O.0O $0.00 574.73
ArikareeRepublican 3.00 3.17 0.00 0.00 400.75
HaleSt Francis 3.00 3.11 0.00 0.00 380.66

PeaverSappa 3.00 2.87 0.13 5.20 372.98
Prairie Dog Cr 3.00 2.23 G.77 30.80 255.16
Red Mlli Cr 3.00 1.37 1.13 45.20 155.60
Medicine Cr 3.00 1.67 1.33 53.20 11694
Lower Republican 2.60 1.49 1.11 44.40 79.08

From Army Engrs report

cursory analysis of the discharge records for the past 10 years

and the possible plans of development shbws that 41 per cent of the run

off above Hardy Nebraskawould have been oonsiued if the most feasible

irrigation possibilities had been developed to the maximum

.-
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Flood Cont_

The capacities qfreservoirs were based on the econoiric capacities

determined under 19a5 flood conditions Effectiveness of reservoirs

were established by arriving at the potential economic degree of protection

to-be provided by each reservoir because of comparatively uniform width

of the valleys of the main stem and tributaries cites prcvidin suf

ficient capacity floodcontrol purpnses are limited and the cost

per acre-foot of the capacity that would be vailable in reservoirs at

these sites would be high The Arm Engineer selected sites fcr

mcc-e detailed study after reconnaissance of the entire basin

In every case it would be possible to obtain the greater part

cf the tctcl otential floodc ntrol benefits hi .tilizirg reEervoir

capacity substantially less than that reouired for complete control of

the desin flood discharge study of the most effective operating

methods of tributary and on-river reservoirs was necessary to determine

reservoir capacities The econoric limits for reservoir capacities

on all tributaries were based on the extent of the drainage areas

above the dam site the run-off characteristics of the streams and

possible coordinated plan of operation

The Army Engineers selecteh 18 reservoir sites as study of flood

control exclusive of irrigation 15 of which were on tributaries and

on the main steni of the Republican River Five of these sites namely

Medicine Creek Red Willow Harvey Hale and Beecher I1and were

selected as eaentng the most favorable possibilities These reservoirs

would provide substantial degree of protection to 287500 aores The

------- ----1o4t415L J.50 pttha ua1ostcmountiig
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176 The ratio of cost to benefit is 10.46 The Harlan county

reservoir would provide complete protection for 153910 acres This

reservoir in com1jjntion with Tuttle Creek reservoir on the Big Ble

wo.1d ovjde the same benefits on the Kansas and Missoii rivers as

the Milford reservoir The ratio of cost to benefit is 12.35

iiif ng

Silting capacity was base-i c-n silt load cC 0.20 acrefoot per

souare miles of active drninare area ror ear for riod 50 ears

Inasmuch that data on the s1 1ad trccrted the tributaries

of the Republican River are meager and the estimates used by tme--Armv

ngineers are conservative as ccoared rit studies acIe ca the

Republican River in 1929 end 1930 it is -elievei that with the

exception of the Frenchman River wich ar-ears excessive in view of

different soil t.-pes the it estimates should be accepted status ouo

Power

EListirg nydroelectric rower cstaliations are lowhead direct

flow developments with practically no storage to stabilize the stream

flow The follcwing table shcvs most mportnnt hydroelectic clants

now in use in the Republican River Basin

TLL Vi

Installed
Stream Plant Location Cap X.w
Frencn Vrotteralisade Palisade 264

Wauneta Co 125
Williams Enders Enders 40

Imperial Imperial 245
Republican So 1ebr Pow Co Superior 785

Total 1459

-15-



The present power market in the Republican iver..baSinqonsists

of rural non-farm requ-irements and small industrial enterprises

Existing generating and distributing facilities seem adequate to supply

the immediate demands

Xower possibilities investigated by the Army Engineers at flood

control reservoir sites on tributaries to the Republican River both

as individual power projects and in combination with flood control were

found unjustifiable inasmuch as the annual runoff at these various

sites was insufficient to warrant large installations

Power cost computed on the basis charging that part of the

reservoir capacity allocated to power development plus the oost

installation of power equipment assmied at lOO per kw showed the ratio

of cost to benefits to average 10.23

Other studies de on the assixnption of utilizing the irrigation

releases from multiple purpose reservoirs th no storage costs

allocated to power showed the develonment of power to he uneconomically

justified at all tributary reservoirs except Woodruff Red Willow

and Enders At these sites the benefits just about equalled the costs

Studies the Army Engineers at the Harlan County reservoir site re

vealed that power development either priinarily for that purpose

or for power in combination with flood control is not ecnomically justified

however assuxaing that all storage costs be charged to f1ood control

and irrigation and only fixed charges for the powerhouse and equipment

plus maintenance and operation charged to power the ratio of cost to

benefit would be 12.01
.-

iiavigati

The opeztion of .the Harlan

..-.......-



development for flood control and irrigation would result in more

uniform discharge of the Republican River below that point The

peak discharges would be leveled off and the low water discharge dur

ing the late summer months would be increased due to accretions from

the return flow

Navigation would be benefited inasmuch that the stahlized flow

would reduce the necessity of charn.l dredging it would reduce inter

rupticns to river traffic and minimize damages to regulation structures

The Army Engineers estiLate that the avorae annual benefits to raviation

wo.ld be 253723C

ollution Abatement

It is believed that the operation of the tributary reservoirs

either for flood control alone or for flood control and irrigation

would nt incease the lowwater fl in any appreciable quantity

The oDeration of the Harlan County reservoir for irrigation wonid re-

slt in an increased flay during the periods low discharges ith

anndal benefits amounting to.2.920

Recent Interstate Conferences

In 1939 the subcommittee of the lational Resources Corizaittee

composed of represen1tives from Colorado Nebraska and Kansas found

that the oortruction of the Imperial United BeaverSappa and Lower

Republican projects embracing the reclamation of some 124000 acres

as then proposed ld not cause any conflict among these three states

in the eruitable apptioriment of the waters of the basin Such

developments would not increase the present demand of lebras upon

Co1ado for waters originating in the basin in Colorado Conversely

contemplated proeots in Colorado would not seriously affect developments

-17-



teo further agreed that new projects on the

Beaver or Sappa creeks in Kansas might cause depletion sufficient to

cause later corifliots between Iebraska and Kansas

Colorado and Nebraska are interested in the ultimnat.e utilization

of the waters of the North Fork of the Republican and all three states

are concerned with the Arikaree and the South Fork of the Republican

River Kansas and Nebraska are interested in Beaver Sappa and Prairie

Dog creeks ath the main stem oL the Republican River

.VV
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