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I'I{IIED SIATES
DEPARIXÍENî oF THE Il'llERïOR

BUREAS OF RECIAMATTON

Reglona1 Offlcer Region ?
318 Nevr Oustonl¡ouse
Denver 2, Colorado

June 15, 195L

In Reply Refer to¡
?-?l+0

Tor

From:

SubJect:

:Coruuissioner
Attentionr 7OO

Reglona} Dlrcctor

Transnittal of Deflnite Plan Report on the Frenchnan-0a,nbridge
Dlvlslon, !,Ífssor¡rl River Basln hoject

1. TIe have completed the preparation of o¡¡. Definite Plan Re'pcrt
on the Frenchnan-Canbridge Dlvision, Mtesourl River Basin ProJectr and
are shipping to ]rou, t¡nder sepaÉte cover, trrenty coples of the 1.eTrort

together nith sfx sets of flve appendixes.

2. Cor¡stnrctlon is coøpLeted on tvro of the naJor féatures of the
Divislon--Meülcirp Creek and Enders Darns. Trenton Danr is under eon-
structlon, æd Red 1,{111ovr Dam, a Corps of Englneers developnentr ls yet
to be constrì¡cted. Canbrldge DiversÍon Dan ar¡d the naJor po¡4ion of
Cenbrlfue Canal are constn¡cted. the Goverrtnent has acq'¿ired title to
end rehabilitated the Meeker Canal and has constructed a tenpora¡lf
diverslon dam senrlng thls eanaL, At the present ùLne l[edlci¡e Creek
Eeservoir is spilling and Enders Reservolr is fillt¡g rapidty; houevert
apprordmteþ 2r?O0 acres on\y ean be serted from ldeeker Canalr and
aËàut 2rlOO àcrãs fron can¿l cLde tr¡rnouts of tåe conpleted portion of
Cambrldge Ca¡ral. ConstruetÍon of the Canibrl.dge Cana1 has been stoppedt
no l¿terals have been bu11t, and the only cutrent, progress fs the
contirn¡ed coÍrstruation of Trenton Dam.

3. Except for an ínterfun llbrren Act prooosal, no erangenent has
been made to provlde sen¡ice üo argr of the giyately ovcned canalsr the
largest of wtrich Ls Culbertson, now serring grh$A acres. Íhe omers of
thii canal have requested the Bureau to nake an offer of terrns to take
over and rebuild their Frksr Sueh arrangenent's ¡ould alloç for the
enlargement of the canal to serve the entire Frenclman Unit 1n accordance
rrtth the dirri-slon plan.

lr. Constnrctlon of tlre Carùridge Canal nas stoppcd rccentþ
beca¡se ce¡tain provf,sions of the r"epa¡rnent' contract with the Frenchman-
Canbrtdge lrrigatlon District were not approved in the conflrrnatÍon
proc€edings in the Dist¡'i.ct Court, ![cÇook, ]Tebraska. thls ease üas
appealed to the Nebraslca Suprene Corrrt, 'nirich ruled. that' it had rp
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Jr:rlsdtction because the anpeaL es filed after the aÌlotted time for
rehearing, In recent '¡¡eeks the obJectÍonabLe provlslons of the con-
tract have been ¡evised and agæed to by the District and the Bureau.
It le antlclpatcd that the revised contract nay be confirmed. The
reconfùmation proceedings a?ê now 6et for heariag ln Mc0ook on
Jrme 30, 1951.

5. The successful negotiation ar¡d confirnatl-on of this- eontract
is essential before a¡y fr¡rtfrer action is taken in thq 'Frenclu¡an-
Cambrld.ge Divlsion. It is rital, ftã*e""r, to set fo.rÈh obJectives in
respectlo the physical plan of ãevelo- ent, ol4ns for irrlgatlon
dislrict reorganiuation, ancl bases for negotÍatlôn of re¡eynent con-
tracts. Thesã plans aré set forth in the report anrl sumnarl-zed 1n
this letter together wlth nry recornmendatlons.

Plan of Develop,ænt
6. The FrencÌ¡UBri-{ambrldge Ðlvision lnc1u&s Enders Dan and

ReservoÍ¡, Medicine Creek Da¡n ar¡d Resen¡cir, Trenton Dan and Swanson

l,ake, al"L-Btrreau of Reclanation faciLlties; and Red WtlLo¡rDam a¡rd

ReseirroÍr to be consùmcted þ the Corps of Englneers. Tlrese storage
faclHties, &d appurüerrant diversion a¡lcl distribution norks, will
pr"ovlde for t:rrteãtion of 681570 acres, flood protection in a large
segment of, the Répr¡blican River Basin, flsh and uLlcllJfe conserratJ-on,
and enhancenent of recreational resoufces.

7. The ptryslcal plan is eesentiaLþ the sane es that originalþ
pnesented in Seilate Ðocr¡rnent 191. Tt:at plan envisioned four nultiole-
i¡urpose resen¡ol¡s rith a conbined storage caoacity of 3L2r000 acre-feet
äncl'the lrrigation of 691225 âcrêsr Resãwoir storage has been enlargsd
to h?1r900 aãre-feet to þrovlde needed increases for flood controL and
Ímigef,ion. The irlgatlon of 1-1rlOO acres b5r ræ1Ls has been replased
by an equivalent gravity area to confonn with st¿te l¿r requiring a

eãrnnon nater supnÍy for an irrigation district. Also, the lrigation
systenr vas redesigned to include acreages rrfrich coul.d be sen¡ed rcre
economically"

B. The plrysical pla¡¡ prcvidee for the nost destrable and feasLble
developnent of the dlvlsionrs natær resources f¡om both englneering and
econonlc stand.potnts. In forrm¡l.atlng the Planr coneÍderation uas glven
to the nost efficíent we of faciJ.itles constnrcted, rrnder constmctiont
or planned by the Bureau and the Corps of Engineers. I ¡ecormnenci your
a¡proval of ttriE pft¡sical plan of development.

Dis trd.ct Rgorganiøatlon
9, Developnent of 68157o irrigabLe acres in the dlvision reguires

dlstrict reorganlzation foi 67 1680 acres anci a supply of supplenental-
mter r:r¡der 'ii¿rren Act contracts for B9O acres. At present there are
tto organlzed irigation districts in the Frenchman-Cauhridge Division'

2
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lhe Frenchman Yallef Irrigation Distrlct rryas organÍøed in 1911 r¡nder
the lar¡s of l[etraska, and is now functloning as a district operatíng
tlre Culbertson Canal servlng 9rb5O âcres in Frenchnan Creek Va1løy.
Ttre Frenchrnan-Cambridge lrrigation Distríct ¡ras for:nally organized
April B, 191+6. Thls organizat"ton nas effected to æntract rÍth the
Bureau of RecLanation under an earlier pLan of developnent, and
contained l+trOOO acres rÛrich has now been redr¡ced to 361990 acres
I¿rgely because of la¡rd reclassificatior:. lfher.e are, ther.efore, 21r2h0
acres of new la¡¡ds v*rich to date have not been incorporated i¡to either
of the i:rigation distrÍcts.

10. The nost desirable plan fron an operating standpoint would
be a uerger of tbe tt¡o dist'ricts so that all of the land in the
Frenchman-Canbridge DivlsÍon nould be i¡¡ one dlstr{.ct. llre French¡¡an
Va1ley Distrist offlcialo, honever, are not favoeble to a nerger v¡ith
the Frenchman-Ca,¡¡bridge Dlstrict as tlrey are unwilling to lose thetr
identity a¡rd feel that their position as an operating distrlet rcu1d
not be enhaneed by beÍng absorùed in a larger ine:<perienced distrlct.
Both di.sÈricts are agreeable to the eniargenent of thelr bor¡ndaries
to incl.ude adJoining new lands, proriding suítabl.e repryment rates are
established.

11. In vlew of the i¡rteres*,s of the Frenchman Valley Ðistrictt
the plan proposes to revise the bour¡Caries of the Frenchnran Va11ey
Irrigation DLstrlct and to expand the area frorn 9rL5O acres to include
all of the 221020 acree in the Frenchman Tlnlt. thls enlargement nould
be rnade to cornÞly ld.th changed featuree of the division plan and rcuLd
Í¡clude 3r55O acres in the Famers a¡¡d F.iverslde Canal aress rpr i¡¡cor-
porated in the Frenchma¡r-CanbrLdge lrrigatlon District. the existing
Frenchman-Caurbrldge Irrigation DÍstrict, containing J6r99O acres, uould
be rcdlfied and enlarged 16 \$166A acres. the enlarged dlstrict muld
i¡clude addítional- areas of 9162O acres in the Meeker-Driftnood Unit,
I,OOO acres in Red Yå1low Unit, and 1r6Ct0 acr€s in the Canbrldge Unft.
lhe fthdra¡aL of the Jrll0 acres fron the Frenchnan-Carrbridge lrrigation
District is desirabl,e, for these acres are loeated within the Frenchma¡t
Unit ar¡d wilL receive r¡atet supnly sez'vice fron a connon source, the
CuLbertson Canal, and lts ertenslon. îhe najor portion of the additional
lands in the Meeker-Drlftræod llnit reoresents a change frro¡o the origÍnal.
plan owing to the rel-ocation of Culbertson Darn to t'he Trenton site.
The areas in the 8ed lìillow and the Ca¡nbridge Units wer"e selected in the
redeter¡ninatlon of fuzigable areas,

L2. Careful consideration nas glven tp other posslble pLans of
disbrict reorganiaation. The criteria used as a basis for ev*luation
of the r¡arious plars ¡ere efficiency of operation, present extent of
district organization, the pævisions of Nebraslca statutes goverr:ing
single source of çater supplyr and the acceptibility by the oristing
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dlstricts and potentiaL v¡ater üsêrsr lables A and B, attachedt
entitled nÞctent of District Organizationrr and the ttEvaLuation of
Varl-ous Plans for Distrlct' Reorganizationtt show a tabular anaþsis of
this prcblem. The pLan as presented j¡ the report; name\r, enlargement
of ürã tlm existlng clistrlcts, is tl,¡e only one t}at satisfactorlly
meets the aborrc criterla. I ¡necotøænd youl ap:roval of this plan for
reorganization of districts.

Repaynent Contracts
13. lhe d5.vísion plan ræquires a repaJ¡ment contract lrittt each of

the two enlarged dlstriòts. the exÍsting Frenchman-.Canbridge frrígation
District contract rr¿st be revised to províde repa¡nnent for the enlarged
district of l$1660 ac¡es.. A r"epay:nent contract nrith the French:nan Va11ey
Irrigation Dislrlct, is yet to be negotiated anC should lnclude the entire
Frenõhnan Unit of 22rO2O acres, as cerbai¡r irrigation facilities on all
of these la¡rds are to be constructed by the Ihireau.

l¡. As presented in tlre report, th.e analysis of repa¡nnent obliga-
tion for lands in the Frenchman-Canbridge lrrd.gation District rèflLects
the or{.ginaIþ negotÍated amoipt of $I.60 per aere per year for 9 total
of LL'0OO acr€s. The ana\ysls for tha new lands to be added. to the
Frenci¡rnn-Canbridge District ls based on full- repryne':ri capacl-ty less
a 20 percent contingency factor. The ana)ysLs for the enlarged Frenchnan
Va1ley lrrigation District also is based on full reoatrnnent capacity less
a 2O þerceni contlngency factor, with the exception of ijne 3r55O acres
not? orgAnized in the French¡nan-Canbridge Irrígation Distrlet. The
Iatter lands are a part of ttre orÍg{naÍ ¿istriet contracted at the $1.6O
rate; t}¡erefore, tþ anaþsls contalns that rate to facllltate theÍr
tranåfer to the-French¡oan Valley Dlstrict. Tables C and D, attachedt
are pert,inent to both dlstrict reorganizatÍon and the problen of regay-
ment rates. They show, respectivelilr FaJlnent capacity per acre -ofinigable land fôr various plans of dLstrict organlzation and adequacy
of várious repaynent rates per acre for tlro pla¡rs of district organizatior

1;5. The precedent resulting fron the Frenchnan-C¿nbridge frrJ.gation
District, contract at tåe $1.óO rate rrill- .r:resent serious probl-erns ín
obtai.ning a higher repaynent rate on any nen¡ Lands within the Frenct¡nan-
Canbridgè DiviSion, because they are 1n the sâme gerìeral Locality and
are pbyãicalþ and- econonÍcally sirnÍl.ar. The $1.60 rate v¡as baslc to
the district fonnatlon and the repayrnent contract, now avraiting confi¡r-
natÍonr To accomplish pronopt enlargement of the F¡"enchnan-Canbridge
Irrigation Dietriet, lt Ís essential that the $1.60 rate be used for
the l+1660 acres of added lands in the proposed r€organiuation. Hotæver,
the District nust rnderstand the lfunltatlons imposed by thls rate. Ït
m¡st understand, ùhat ttre rate of $f.60 per acl€ Ìler year will provide
awatersupplysystenassetforthlnSectiongEoft'lreL939Reclanration
Iaw; that the rate wilL provide a distrÍbutÍon s6rston and part of the
neiãssary drafns nithin the financial lirnitation of the fiL.60 per acre

b

KS0021 83



to repay the cost of such 1n a l+O-year period. It mrst understand,
further, that lt wiLl be required to build and finance addltlonal
drainage as needed to protect the i*lgated lands fmn seepage. The
alternatlve to this errar¡gement w111 be for the irrÌgation dlstrict
to pay anough uore than Ure St.6o per acre per year to rcpay in b0
years the cosb of additional drainag€.

1ó. A repaynent contract wlth the Frenchnan VaLley lrrigatlon
Distrlct shouLd be negotiated at the sarne rate of $1.ó0r because the
orv¡xers of the 3r55O acres no!¡ cove¡¡ed by the Frenehman-Canbrldge
Irrigation Dlstrlct contract çould be unwilllng to change distrlcts
lf charged a higþer rate. The exlstLng FrenctunanJalley frrigatlon
Dtstrict also is unrllling to pay a higher rate. ALthough lts canal
systen is ln need of rnaJor repalr, the District ls a going concerr¡ rcd.th
low operatfng cost,s and no bonded debt.

L7, The use of the $1.60 repa¡rnent rate wilL facllitate earþ
reorganlzatlon of the tlrlo distrfcts and renegotiatfon of repaynent con-
tracts necessary for oontlnuati"on of development acoordlng to the
dlvÍsion plan. This w[11 pernlt the nost econonLc use of lruigation
features and elLnlnate tha need for constnrction of a costly pernanent'
Meekor ÐiverElon Dan; the origlnal\r oroposed Far.rners-ñlverslde Dlverslon
Darn; and an expêrurlve canaL extenslon thrcugh presently fnlgated lands
and the tonn of Culbertson. All of tt¡ese costly rorks ntrst, be constructer
if reorgar¡l.zatlon is not acconpllshed a¡¡d all lands r¡nder the existÍng
contract are to be serrred. A1so, without reorganizatlon a large portion
of the nost econord.cal irrlgatlon development of the dLvision rculd be
preclu{ed.

18. f recon¡nend that the trc reorganized dlstricts--the Frenchman-
Cambrifue and the Frenchnan Vallq¡--be given the alternatlve of paying
S1.ó0 per acre per year agalnst thelr eorrst::uctlon charge obligatlon
for s bO-¡rcar contractual period, Ì¡i.th the understandlng that they rû11
agrêe to bulld any neoessary drains wtrlch can not be pald for frcn
proceeds of the above rate; or that the distrlcts increase the $f.60
per acre per yea,r rate to an a¡nount adequate to finanee t'tre distribution
rysten and all necessâry dralnage, plus sone payment against the con-
strucüion cost of the uater sì¡pply rcrksr Eithcr altarnativo is based
upon the assunptlon that the cost of the dlstributLon ard drainage
systen construoted btr the Governnent ruust be repald in forty years florn
the terni¡ation of the deveLopment period. llnder the first alternatfiæ
the dtstrlots mrst agree to bulld dral"ns as needed and not provided for
under ùhe {11,60 per acre rate. Such dràlns as îDuld be bullt by the
dlsüriots uust be approved by the Bureeur Under the second alternatfin
a sl¡ailar provLslon 'puld appl*y exoept that the 0overn¡nent nould be 1n
a posÍtlon to constrqct a greater portÍon of the drainage sysbemn the
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el*ent depending upon the adequacy of the repayment rate. Each of the
two propole¿ ¿iãtricts hae adequate capacit;r to pay costs of ùistrib'tl-
tion and drainage systems and operation and maintenance charges.

19. As soon as the repayrrent contract wlth existing Frenchman-
Canbridge Imigatlon DistrÍct is confirnred anC the physical plan of
clevelopm.ent, foi the division approved, constnrction of eertain facili-
ties nay be carried forward at the sane time that negotiatLons for
dlstrict reorganization and fi.¡rther repa¡rment contracts are being
forwarded. hring this perlod conetruction of the foll"owing features
wou1C be in conforrnance with the p1-an of devel-opment and the existing
contracts cornpletion of the irrigatLon system for the CarcbrÍdge Canaf
in the Ca,ribridge Unit,; and constnrction of Bartley Diversion Darn and
the Bartley Canal 1n the Red Wj-Ll"ow Unit. these features vril! provJ.de
for the irrigatlon of appro:<!.rnate1y 231000 acres.

20. The achLerrement of distrj.ct reorganizatÍon and the negotiatlor
of suitable repayment contracts would pernit the conpl,etfon of the
divisÍon p:Lan. The construction of irrigation facilities for the
Frenchman anci Meeker-Driftwood llnlts and the remaining portions of the
Red Willow and Ca¡rbridge Units could then be accorcpllshed in accordance
with the constmctlon program as set forth in the re¡Þrt. This deveLop-
ment would provide for irri6ation of an additional l+5r000 acres of
land to bring to completion the fr¡ll development of the division.

/u/ Avery A. Batson

Copy: Under separate cover

Copy to; 2ol+ (w/7 copies of the report and

Attn: ZSo (w/3 copies of report

Chief B:gineer, Attn:
2 sets of appenciÍxes)

Chief, tlydrology Div.,
I set of appendixes)
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TAET,E A^ Ð(T],NT OF ÐISTMCT OBGANIZATÏI)N
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TAHtE B. FTUÁTTJÂTTON OF

Criteria

1. Efficiency of operatlon ånd econony of
naLntenance, considering distance end best
use of nanpouer, naterial and equipnento

2. Present sûent of dlstrlet organizatlon
with special reference to eaoe of in-
clusion and exclusion of lar¡ds and dis-
solution of dLstrlcù or districts.

3. Acceptability of plans by existing Frencfinan-
Canbridge and Frenchnan Valley Distrlcta.

4. Irrigation under a coûnmon source of water su¡r
ply consiste¡¡t with physical plan ar¡d Nebraska
Statutes governing district organization.

ß ËLriNS FOR

En1a::gement of
Þristing Dist'rictsr+ One Distr

ü*r+

s

S--SatísfactorXr;

DISTRICT RMRGAIÍIZAIION

2 distriets¡ Frer¡ch-
rnan and lleeker Drift-
wood¡ Red ïIillow
ancl Ca,nbridge

I separate
dlstriats
or other
conbinatl,onc

USSs

U

u

U

u

ure*S

s

s s

U-Unsatlsfactor'¡r

s

*Ddsting Frenchrnan Valley Dlstrict enlarged to include ell of the 22rA2O êcres in Frenct¡nan Unit and e:rÍsting
Frenchnan-Canbridge District to include renainÍng units totaling b5r6& &cfos.

*xl,englh of time necessarJr to effect reorganiøatlon and nergðr end general dlsapproval expressed þ dlstrlst
officials resulted in the ratlng of these tr¡o itæs as unsatisfactory.
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c fn Reply Befer To:
7n

T'NITEÐ STATES
DEFARI}M\IT OF lHE IN1MTOR

BURF,AU OF AECTA¡4ATION
hrashington 25, Ð,C.

Sepbenber L3, 1-95l

Regional Dlrector, Denver, Colorado

CoÍtrnissionef

Definite Hlan Reporb on the Frencbnan-CanbrÍdge Division,
l,llssourd Biver Basin ProJect

o
P
r

To¡

l'ro¡l¡

SubJect:

Reference is made to your Letter of June Llt L95I' subnitting
the definite plan report on the French¡oan-Carnbridge Division, Missouri
Biver Basin ProJect to this office and recorrnending that the plan of
developent and your proposals relative to reorganization of dlstrlcüs
and rep€¡¡ment contract's be approved'

the repor{ is a v¡elL organized, comprehenslve, and factual
record of proJect investlgationE a¡rd plans. It recognizee that proJect
constn¡ction, already well underuay, mrst be conplleted in the best way
poesibl-e, and every effort nacie to obtain the best repayuent contract
possible. Toward this end, the report and the phyolcal plan of develop-
nent proþsed therej¡r Íout plan f,or lrrlgatl.on dlstnict reorggrlizationt
and ¡rour proposals regarding repa¡ment contracts are hereby approved.
The coments of the various offices here, of the Chief trhgineer, and of
the Chief, Branch of Hydr.ologyr are sumarized jn the followlng Para-
grephs for your i¡for^nation and for your conslderation and g¡rldar¡ce
when the report is first revised.

The proJect land dlscussions and the agricuLtu¡¿l econory
anal¡æes are comptehensive and thor^ough. Howeve?r eccept,ion is taken
to t'he procedr:re of establishþg'economic classes, suêh as A, Br & Ct
for repa¡rment conslderations. In this instance, the basis for the
regrouping of the Br¡reau land subc1asses êppears to be srfficiently
Justif5-ab1e. Apparently, the differentials j.n permlssible developnenü
cost Lir'lts, established for the land classification, were inadequate
for the type of economy anticipated. Experlence has denonstrated,
however, that it is more degirabLe to re\¡iee the land cLsssifisation
tha¡r to carrtr two repaSment classÍfication designations for a specific
land tract. The staternents on payrnent capacity and recomnendations
pertinent to contract negoti-atlons, therefore, should be Li¡ited in
te¡r¡.g of the basic Erreau Land classes and i-n accord¿nce with Tab1e C

of ¡rour June 15 letter of tra¡rsmi-ttal-. Thereby, Groups Ar Br and C

beeome lsnd c:Iasses 1, 2, and 3. The I'and classification shorrld be
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revlsed in aceordanee with the regroupings shorn¡n in lab}e 13 of
Appendlx VIII, and supplementary statements should be appended to
the report describing this actlon and the resuJ.t's'

It would be deslrable, as a:nêtter of record in the definite
plan repott, that the economic sùudy for the Frenchnan-Carnbridge Divi-
eion be revised on the basis of ttre proposed ne$I pr'ice level and new
procedure for evaluating benefits and costs and the 1'hcreased flood
control benefits to the prtject as a result of the recent floods in
the area. You have been previously authorized tcr use this netr pro-
cedure for benefit-cost analyses in er¡aluating Missouri Basin Units.
In re¿;ard to the rerrised fiood controL benefitsr we presume that the
floods that have oceured recently in the general area and to the south
warrênt a restudy of flooC control benefits.

Chapter 5 (Water Supp1y) of the report shoulC include appso-
prlate language to indicate that the Republican River Compact has been
consldered and complied with in the uater supply studieg. A sumary of
the sÉu{y of the Bepublican River Basin, showíng conpliülce with the
Compact, should be presented a¡rd a statement or table included sholulng
that the Frenchman-Cambridge Dirrision could be operated with tolerable
shorbages if Colorado and Kaosas were to utilize aIL thei¡ allocated
waters.

The report states thet p.ore detaiJ.ed studies uere bein€; made
for revised estj-rnates of sedimenLation that wiLL take plaee j-n the
proposed resen¡oirs in ttre Kansas River Basin. It is stated that these
studies, although not final, indicate some dieagreernent with the
orlginal estlmates. These sediment strrdies shoìùd be eompLeted as goon
as possible in order that a firm esti'nate of the amou¡nt of space require'
for sediment can be nade for the Þrders, Swanson take, and l{edicine
Creek Reservo'-:rs. If the studies Lndlcate that there is an appreciable
increase 1n the æount of storage space recrui¡ed for sedj¡rerrbr it is
possible that the acreage to be irrigated in the Frenchma¡l-Canbrldge
Divisl-on nay need to be decreased,

In eonnection vrlth the cost esti¡¡atesr appropriate nethods
of estinating were used to determine the field cost of the various
properties, e-.cclusive of contingencies, and, in gøreralr the unit
prices are believed to be a.dequate. However, the allor¡ence for
contingencies for so¡ne of the prope¡ties appeârs to be 1ow, especially
v¡lrere the estiriates are based on meager data. In ¡nost cases, with the
excepbion of the properbies where the i¡ork is ccmpleted or partly
conpleted¡ the contingency item is listed as 15 percent on the DC-l-.
The ¡'ìlowanee for contingenei-es should vary fron 15 percent for prelÍml-
nary estinates to 2i percent for reeonnaissance estlmatesr ês recomnende,
in the lhnuaI, Voh¡ne X, Chapter 8,3r dependfng upon the a¡rount and
certainty of the data.The general allowanees for investigations,
engineerfngr ad general expenses aiso appear to be Iow.

2

KS0021 91



the drainage plan presented in the report ccmprlses a pre-
}j¡rinary esti.ûate nade with only a few ciayst study of very limited
available data ancl field. conditions in Februa¡y tr950. Up to the ti¡oe
of the report¡ Littl-e prog¡.esÊ hed been n^ede toward collecting and
irrterpreting the basic data considered necesserl¡ for the development
of the drainage plan for the definite pLan re¡rort. Thls lndicates
that, as a reeuf.t of nore detaÍ]ed study in this cor¡¡¡ectionr there
may be an jJrcrease in the project eost for drainage. Also, ar¡ examina-
tion of the project C&M cost indicates that the requirerner¡bs for
drain ¡naintenanee have not been fully recognized. Completion of the
irrlgable area sunre¡æ a¡d studLes necegsary to formulate a drainage
plan, v¡hich the report i¡¡dicates are underuay, r¡rq¡ld pernit (1) the
establishnent of the irriþable area with the assuranee of no fi¡rther
significarrt changes, (e) a reappraisaf of proJeot drainage tequi-renente
on a uore rational baslo, ana (3) a revieï¡ of cost esti-rrates for
dralnage and for drain mai¡tenance.

In the discussion of project repa¡anent i¡ the report, the
ùistrictsr obllgations j¡rcLude $67?rO0O for land drainager which is
or¡ly 3ó pereent of the estimated cost for dralnage. Thls is on the
basi-s of $1"ó0 per acre palment by the districts. Iour leû'ter of
tra¡rsnittal proposes that the districts be given the alternati.ve of
lncreasi¡g the $I.60 to pa;r the remalnder of the d¡ainage coet or, Ín
Iieu thereof, building the drainage r'¡orks neeCed after the drain
construetion cost reaches {)677rC00. 'r!e agree that one on the other
is neceasar-w. lrlhlchever procedu.re is folIowed, the obllgatÍons of the
district shoutd be nade very clear in the corÈr¿cts. Any drainage
works to be h$Lt by the d:istrlct's should have prlor approval by the
Bu¡eeu.

It ie r¡oted that the plan for this Dlvision does not proposê
any developnent of power. EVen iJ pol.ler develo¡rnent is not inc.ludedt
the power potenbia-lities should, nevertheless, be discussed' If the
developnent of power was noù considerede a staternent justifying thls
position should be lncluCed in the report. On the other handr if
studies relating üo develo¡ment of power were nade, the results shouLd
be surr¡narized and included in the re¡rort.

In addition to the above corrnent,s, pur attentj"on is called
to the more detailed coments of the Chíef Erngineer and the Chief, Hydro
Iory Branch, and to ninor dlserepancies whieh were noted by these tÏ¡o
offices.

/"/ Mrichael lrf. Straus

In duplieate
Coples to: Ch5.ef, Þrgineer, Denver, Colorado

Chief Hydrology Branch, Denver, Colorado
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ï I'NITED STATES

DEPARTI.IENI OF T}Ð IIffffiIOR
BUREAI' OF RECLA¡4ATION
ÐENVT;R FEDTAAL CE}¡TEA,

DUSVEn 2, COLoRADo

In reply refer to:
20h

August 23, L95L

To:

From:

SubJect:

Cormrlssioner

Chief Ergineer

Review of definite plan report on Frenchme.n-Cambridge ûivision
Missouri Ríver Basin Project, Nebraska, dated February 1911

Hlease refer to memorancium to the l^'Iashlngton conferees on
the review of the above reporù fron Acting Assistant Director, Brar¡ch
of ProJect Planning, D. V. Mc0arthy.

Cost EstÍuatee

The Officiat Estimate PF-I revÍsed L2-7-5O is included in
Appendix I, Designs and EstiaÂtes. The total estinated cost of the
division, exclusive of the Red WiIIow Dam end Resenroil, based on
Jarnrary I95O prices, is ehor¡n as d,i68r457r000. The Basj.c Esti:r3te DC-I
which supports the PF-l- is not ineluded in either the report or the
appendíx. However, a DC-l esti¡rate dated Apnil l95Lt showing the
totat estimated cost to be $6615971000 based on Apri-J- lpll prices,
is available í-fi this office. The two estfmates are not comparable
because of the wj.de variations in the breakdovrn of costs by accounùst
and therefore the costs shornn on the PF-l cannot'be checked v¡i-th the
data available. Since prices as of January 1950 and April 1951 are
about the same, apparently these wide varíations in account costs are
due to changes in property classification and possibly design changes
and more complete d¿ta.

A very good descr{-ption of the rrarious properties, including
glaes of strtrctures, capaclties; specificaùions, e:ctra work orders,
orders for changes, data upon w?rich esti:uates are based, etc.¡ is irt-
cLuded on the April 1951 DC-I estimaùe. These show that the esüinates
vary frcn accurate estinates based on actual cost da.t¿ to reconnaissance
esti¡¿tes based on very neager data.

Appropriate methods of estj:naliru3 were used to deternnine the
field cost of ttre varÍous propertles excluslve of contingencies, and
in general the unit prices a.re believed to be adequate. Howeverr the
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alLoh'ance for contingeneies for some of the properties appears to be
low, especia,.Iy lihere tire estirnates arç based on meager data. In nost
cases, nrith the exeeption of the properbies where the work is completed
or parLlrr completed, the contingency iteri, is listed as 15 percent on
the DC-I. fþs *ll6r,',ance for contingencies shorrld vary fron 15 percent
for preliarinary estÍmates to 2l percent for reconnaissance estiraatesl
as reeorunended j¡¡ the Manual, Vohne X¡ Chapber 8,3r dependent upon
the a"rrount a¡¡d eertainty of the rltta.

hihere several- assrmptions âre requlred ln estj.rating a
particular pr^operty or t¡pe of property, for exanpler a drainage
system based on an esti.nated percenlage of land requi-ring drainage,
an estimated length of drains per acre, and an esti¡nated cost per
¡nile of dralns, the contingency allowance shoul,d probabiy be even
greater Lhan 25 percert. Another elrample ls a ]ateral systøn based
on an esti¡nated 3.ength of laterals per acrer and ån estimated cost per
nile. There nay also be instances where ccntingancies are erroneously
omittecl ån the estimate because the esti¡nate is based on siriilar work
that l¡as completed without an¡r changes of plan or other uneertainties
of any kind. This is a rare possibility, but nevertheless it should be
considered in estirnati¡g. The general ailov¡a¡¡ces for investigations,
englneeringr and general expenses are aLso low.

C..anal ,and Lateral_ Syste,m

The details of the plans for the constnrction rcrk stil.l to
be done on the ca¡rals and lateral system are not givenr so no cor¡ments
can be nade as to their adeguacy.

!ans

Three storage rlams are involved ln the Frenehnan-Ca.ubridge
Dlvisi,on; Eriders, Medicíne Creek, and Trenton. Since the de+igns shown
in the report are specifications designs prepared by the offiee of the
Chief frrgineer, and the estimates shown are based on eonst¡:uction costs
for Ðrders and Medieine Creek Darns ând on conlract costs for Trenton
Da:n, they are considered to be entirely satisfa,ctory.

2
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Dral4age

The drainage pì-an ¡rresented in the report compríses a pre-
liminarV esti¡nate nede rrith but a few daysJ study of very linited
available data and field conditions in Febmary 1950. the purpose of
this esti¡ate at that time was to develop a revised proJect cost to
present at a meeting witlr the lrrigation District shortly after the
esti-nate was Í¡ade. Up to the time of the report, little progress had
been rnede towarC col-Iecting and interpreting the basic data considered
necessary for the develo¡ment of a dralnage plan for the definite plan
report. It 1s mentioned i¡ the aprpendixes that the detennj¡ration of the
irrÍ-gable area has not been conpleted and that exploration of the
substrata for drainage appraisal is only parbially ccrmpleted. Pre-
Ii¡rlnary results of sodium anrl perrneability tests on lands in the
Carnbridge Unit indicate th¿t sorae 2t000 acres presentl:r designated as
irrlgable na¡r ìcê found r.¡¡rsuitable for irnlè.ation development. The
results also poin1. toward the possibility of an increase in proJect
coets for drainage.

With respest to operation ancl naintenance costs for the
project, the append5.x Lists persorurei and equiprnent deerred necessarTr
and presente the esti¡ated average cost for the Division of $1J6r0O0
per yeår. This cost, and the inclueion of only one dragl-ine in the
equipment list leac to the concluslon that the requirenrents for drain
rnair¡benarrce have not been futty recognlzed.

In the discussion of proJect re¡rayment, the recournended obli-
gation for the Frencirman-Cambridge Distrlct includes $ó??1000 for land
drainage. This ls only 36 percent of t[e estim--ted côst for drainage
of $1r6f2r@0. The statement Ís nade that it is not possible to
j¡erease the repayment obligation to eover this deficit because of
¡rast contractual ccnn¡nitnents which I{nit the repa¡nnent liability. The
report essu&ea that when the need for drai¡ construction e>rceed $6?71000
the district will pay for such construction from äs surplus palnent
capacity. Under the existing contract there wiIL be orJ.y $1?8r0O0,
or abor¡t 10 percent of the total estlnated cost, Left for drain con-
struction if the bids coi¡reide with the estirnated costs of the }ateral
system.

The eonpleùion of the irrigable area surveys and the etrrdies
necess&ry to iornùLate a drain¿g" pfatt woul{ perrnit if) tne establist¡-
ment of the irrigable area with the assurance of no further significant
changes, (Z) a reappraisal of project drainage requirements on ê nore
rational basis, and (3) a review of the cost estirrates for drainage
operation and naintenånce of the Division. The situatioh is not
desirable because of the r€payrn€nt linitation and wiJ..l- probably l"ead

3
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to a cór¡sidgrable loss of Lsrd beceule negotlaÈion of additlor¡a!
contraats for drain can t!Ìrction rdl1 be öf,fisttlt and actual con-
struction cannot be anùicipate-d before considerable AAO¿ge ls
erçerienced. Nevertheless, urcer the circur¡sta'nces, there does not
eppear to be a practica-l aLtecna,tive to the Prccodure seù f,orb'h in
the report.

/"/ L. N. !.fcclellarr

Ð¡closure¡
Reconciliations and Discre¡rancies

Copgr to: Assi.stìa¡rt to Co¡mlEsioner-Þ'¡gineerÍng
Reglonal ûlrector, Dernrer, Colorado
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Deflnlte Plan Report-Frencheen-Canbrldge Dlvls ion

ReconciJ.íations ar¡l
Discrepancles

Sumarv Shoets

Page f,11, Beverly-RiversLde Canal. thls is shor.¡n ss
Rivereide on Generel !lap.

Reoorb

4ee 5. PeFagaoh ,1. Llne 6. l¡7 ntlles. Sumrary sheet vli
glves l+9.3.

Pase 9.,PaErÊraeh 5, tlne 2 and labler psge 13r 92r2OO
aere-f,eet. Table, page 4r gives 921300.

Paee 13. FrEnchnan Unl.t Cost $?r?03r700. Sumary Sheet Lii
sivesm

Pege 1l+. Meelcer Drlfùnood. Cost $611?312æ, Sumary
sheet lli gives $6,173,000.

&se-Iå.
giveo $9r280,

Fage 15.
Srmary$heet

Derrelopent ProJect Hlanr. CoEt $118061000.
tv gives $Ir8oór200.

FaE 17. Faraeraph 3. Line lr. (hange fllty to silty.

Canbri.dge. Cost $912801500. Sumarî¡ sheeù {li
3@.

hgeJþ6. Faraeg.aph 2. ,l.1ne 2.
Sumary Sheeô, page v11, says 2r00o

4ee l+?. Fafeeraeþ l. tlr+ç.Ç.
sa;pa 180 cfs.

Pagç 63, Paragaph 1. tine 1O.
Sheet, page vlr bottosr tab1e, gives

2 167 írltffi eubie ¡rards.
000.

165 cfs. Sumary Sheet viL

I.É7 acre-feet. Sumarly
1.9ó.

,

F¿ge 80. .Para¡ranh 5-. ¿r.rd tab1e. Page 81. do not, agree r+ith
the elaeglflcation shoÌùn in table at top of Fage v, SumarXr
Sheeùs.

Pegc 85. Parasraph 4. L_lnes 2 end 3. 158 end 156 da¡ru. I
Page 1ó, last line, says I55 days.

In order to conform rrith the Unifo¡m Cost Classiflcatlon, the
itens rFcnclngtr and tt0attle guardsrr shown on the DC-I ín Account 37 ur¡dcr
hoperty Clasc 06 ¡hould be shorn in Account JJ, Stnrctures and
Improveaents.
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SUMUART SHEETS

Frenctrnan-Canbridge D lvision, l(ansas River Dis trict
Missor¡ri Rlver Basln ProJect

IOCAÎION:

PIAN

Southuesterr Nebrask¡, on the ReErblican River and
trlbr¡tarles, ortendlng from Erders and lrenton to
3 nlles east of @Ieans, Region ?.

AUTHORIZED¡

Tl¡e Frenchman-Canbrldge Divisìon is belng developed on the
Reprrblica¡r River and lr of its trlbut*ries in Nebraska.
Divislon m rks rd.i-l reguJ.atie r:n-off for flLood and sediment
control and for irigailon of 6815?0 acres, includlng l.-3r55}
acres now irrigated. Þrdere, Trenton, l¡[edisl¡e Creek, and
Red T[i11ow lans (the latter tp be eonstnrcted by the Corps of
Engineera) wfIl etore unter for irrf.gatlon use. l¿nds nil} be
sewed by 1l+ oanals whieh rri1l diveri ty gravlty from the reser-
vol¡s or fron lr dlver+ion damg. No mr¡niclpaLities w1lL be
furnlshed ¡rat'er and iro porær Ì/iL1 b€ deveLoped 1n the dlvision.
Repayrnent of d[,stribution system costs and a tolcen payúenü on
other costs rrlll be provided for by a sonblnaùion mter serr¡ice
and repa¡rnett contraõt in aecordance çith SectÍons 9(d) and 9(e)
of tÌ¡e ftsclarn¡tl"on Àct of 1939. Successive l+O-year repayment
contracts and revenue fron n{iesourl RÍver Basln por¡er sales
will be required to pay rernalnlng reÍnbureable costs. lfater
wíIl be provided üo the ![clêfn Cana]. and strean pumps ¡¡nder
the provislons of the Þrren Act. Substantial annual benefits
will accrue fron irrigatlon, flood controL, flgh and wildLife
consenratlon, recreatlonr. aid strean potJ.uilon abatemeát.
ïntangible ber¡eflts w111 ar{.se ftron sedtnent control ar¡d f ¡on
stabllization of qgriculture apd businees ln the eree.

DEFTNTTE PIÁ,N NEPORTS

Vol, 1 . . . . . General PI¿n of Developraent for Frenchman-
Canbridge Division, lncludlng Enders Dan,
lrenton Dan, and Medlclne 0reek Dan

Vol. 2. . . . . Barbley Carral, Red!,li1*lowUr¡1t
Subsequent deslgn volumes r¡ci1I be prepared in the order

deterrnlned by conatnrctl-on scheùrles.

Decenber 22, I9l+\, þ Act of Congrness (P, L, 531+

Congress, 2d $ession). See Senate Docurnent 2l+7,
Congress, 2d Sesslon, 191ù.

, 78th
78th

Rev. No. t 2/5/SZ
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COSTS

Enders Dam a¡d Reservolr . . . I r . . .
Trenton Darn and Srransoà Latce , . . ¡. . r
Red i,rillcnr Da¡ß and Resenroir (USCE). . .
Mediclne Creek Da¡n ar¡d Reservoir . . . .

Tota1 Ðivision

TotaL Dans

$Z?¿?l4ooo

$l+8,1úr,PQ

#7,703,500

-rñ'oo

g?róhl+r900

só,173r000

Sórt73rooo

gb,603ilæg
\25'3oo
359 tæo

$3,8r8,700

$gr28or3Oo
5501000
327 1500

$8'lro¿r8oo

$ 8,r231rooo
23r65ILrffi
9r5l+0r000
?r006rooo

F?enclunan tlr¡it Totel unÍt. . .
Cu1bertsonDivgrslonDam...... r.... t. r.. '

Dlstrtbutlon lÞainage
Canal-e
õElËãrtsonô.'...
Beverly-R1verside. . .
Fanngrs. . r r . r . .
Cr¡lbe¡'bson Ext.) . . .
Cr¡lb. Ext. Upper). | '
CuLb, Errt. Loner). . .

Subtotals for u¡lt

Meeker-Driftwood llntt

Cana1e Syste¡u
$2FF8;8oo -$59rÆ'or

38L;roo u8eroo)
bzrboo 2rr9oo)

2ró1lr0O0 l¡3ór900)

$5F66,rø $1T?õ',Fm

Sys,te¡n

$888,b0o

ffi'8r@'
lot'al tûlLt. . .

Dralnage
Systen

$ó3?rloo

F5r,Tm

Red ltlil-Iow Unf.t Total t¡¡it. . .
RedtÏLllor0reekDlversionDan. ¡ ... . r. .. . . t.
BartleyDivgrsionDen.. . . ... ... . ... . .. ..

Dlstribullon' Dralnage

Canal.s
@ueeker
Dnlftroood...r..r
MeekerE:(benglon...

Subtotals for unlt

Canalsm3õõ8........
RedWlllorr..r'.
8arùley..'.,t¡.

Subtotals for u¡it

Ca'rals
õffiEildge.......
HO_l-bfOOk.....¡r

Subtotals fe untü

Distributlor¡
Syste¡n

a .a a a a

Carals
$r,-m;Ïoo)

21579 ;9OO)' 7O5,2OO)
.$[;gor,zoo

Distrlbutlon
Syste¡n

$93or7oo

Fø3u;tm

SystaCanals
S -TI,1oo

1r 25or9oo
r,518róoo

6'ã;8õffiõõ

$ z5rioo
20)+r300
223,3AO

ffimõ

Svsten
$-
193,000
31.ir3oo

$5õÇm

Carnbridge ltrtt ?ota1 unlt. . .
Canbrldge DLversion Dm. ., r . . . r . . . . . . . r . .
Carnbridge Diverslon Dam Extension. . . r' . . . . . . . .

góF-6700
5L2,ooa

Dra.-l nage
Sy'sbe¡u

E',itFõiD

$ór 7rz,799
6l,r9oo

6ir@

Canals
S9l+jr Õ00

lt,900
Yeffi

tf,1
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ûbher Cost'e Subtotal Der¡eloprner¡t Costs
Frenchman-Cobrldge fa¡u wttü developnent o' . o . . .
Ggneral, servleg eguipnent r . . . ¡ . . . .' . . . . .
Operatlon and naintenance drrrlng constructlon . . o . .
Developnent of proJect plan . . . . . . . . .' . . . .

BENaFrrs êN9 q$AgßM

Flood llsh and
control wtldllfe Racreaüion

sI,80ór2oo
52roæ
8rr3oo

3721900

,lr3ootooo

frrJ.gation
9o-¡rr perlod Îoùarl

Enders Da¡ &
ReservoLr 0t81r900

Frenchnan Unlt
Trenüon Dæ &

Swanson take 2lúr800
Iúeeker-Drlftirood

IInit
Red TtLlLow Da¡ &
. Reservol.r (uScE) bZrSæ
Red W1llo¡¡ Unit
Medicine Crgelc

Ds¡r & ReservoLr 761800
Cambridge Urdt

Subtotals $85õ;@

$Lroæ fi22r5}O
-100

Srgao 38rooo

3,2OO
not nob

arallable evallable
21000

$lear¡6e .û5g6rloo

1g6ro00 L86rg00

lg3rooo 2[2rloo

13,600

.ó9 : I.0O

)+r5oo

#E:kõ
270,60A 3?g,goo

$rF[r'ffi $r'Ttrõõ
27 r9âo

sõT ;aoo
Polluüion abatement benefit r"eoulting frcm

mafnt¿lnLng 50 cfs nir¡tmuro flo¡u 1n river at Mc0od¡
Total (rorurded)

Unit beneflts

Benefft-coet ratlor 90-tr. period r . . . r . .' o

IRRIGATTON REPA$ÍEMI - þ rUnS

Flenchman Valley frrigatlon Distrlct¡ 22rO2O ac. .
trbenchnar¡-Cånbrldge frigaüion Dlstrict, \5166O ac,-
tr{clain Canal and strean punpsr 890 ac. . . . ! . .

Tot'a]... ... .. .... .. .. t.. .. ..

$r;f2T;õõõ

aa

ta

at
aa

fiz,52/,l,r9OO
3rO2lrlr00

35,6æ
s3;58mõ

5816&roæ
5.582.o@

AILocation, tenùatl"ve
Nor¡reimbr¡¡sablei flood oonüroI . . .
Reinbursablei lrrLg.¡ r€cr¡ f&w . . .
Irrfgaülon repayment, lsü h0 lrrtr'r .
Ealance to be repaLd by successfve

repa¡nnent contracts and Misso¡rl
BasLnpo¡yelrevenues ... r. ó.

. $tgr33?rooo
aaaaaa

ta.ar.

o

a

a $53ro78rooo

lv
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INRIGATTON

Iten

Flenchnan Unit
Meeker-Driftnood Unit
Red illlllor Unit
Canbridge Unlt

subtotals
McÎ,aln Ca¡¡al & Strean Rups

Tote,L

Iten

Frencl¡nan Unlt
Meeker-Drlftwood Unlt
Bed Ttri.Llow Unlt
Canbri-dge Unlt

Subtotals

Ite¡n

Classlfication of irrlgable land

C1ass I Class 2
(acres) (acres)

81625
7 

'9olr9ro?t
7,O28

z8¡us

LLr9g3
8ro3b
6rlß3
9,5L6

T7T6

9,
2,

Lrrb85
L3,5Jß
lrrl-6?
L5,5?5
5r;?trt

ltoZ
5oz
t$6
686

I,

Class l
(acres)

Total
(aereÐ

890
6rrg?õ

22rO2O
16rl¡lP
11,990
L7,.ziÙ
TrffiõTfi6

Presant status of frrigable Land

Frenshnar¡ Unit
Meeker-Driftwood Unit
Red TlllLor Uniü
Canbrtdge Unlt

Subtotels
McLain cana} & Strean pu¡ûps

lotal

Non- (iravity Punp
lrrigated irrigated lrrigated

(aores) (acres ) (acres)

(acres) (acres ) (acres)

980
ó80

5r5
Zlit
823

L'615
TTft

?10

lotal
(acres)

22rO2O
16rbho
LLr?go
t7,23O
6rF'm

890
6,Yro

Mclain Canal & Stream Puups
lotals Tf;W

r4F60
r-80

ïær¡o

Present distrlbution of lrrlgable land by irrigatiør dlstrfcts

Included ln fncluded i¡ 1o be
Frnch.-Canb. Frnch.Valley lncluded l¡
frro Dist. frr. Dist. an lrr. Dist..lotaL

3r55o
6r82O

Lot?9o
L5,630
56;99a

,l$oI

e7E5ó

9rO2O
91620
Ir 00o
lr600

zrP[õ

(aares)

22rO2O
Ìó,1ùo
LLr99O
L7,23O
õ'rF'8õ

8go
'6q57õ

v
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Íbencl¡nen ltnlt
l[e eker-Ilrlf tnood Unit
hed TilIIor Unit
Canbridga Untù
lfcl,ain Cnal & $t¡¡eaß

Pr¡rp8. fotal

Consunptlve use requlrerenù
everage annual

Effectlve precipltatlon
averâge ennra¡.

Dlvers ion requirement,
average anrn¡a1

(rþet) (feet) (f,eat)

Anttclpated dist'rlbutlon of lmlgab}e Land by lrrlgatlon digtrlctr

frnctr. Camb' Frnch. Valley lfarren Act
Irr. Dlst. Irr. Dlst. Contnact(acreg) (acirs) (aares) lbtal

22rO2O
16rlùo
rrrggo
Ll r23O

890
wr57oE5;õõ ?.?i.ú26 -8y0

A¡nortlzation data Frenctua¡rCauþrldge ûlvLsion

lleeker- 
u-nltg

Frenchnan Þiftrood Red tvl-Llø

22rO2O

t
t

F

16,l¡bo
990
230

rlt
L7¡

- 890

Pa¡anent Q,apacfiy / ac /yr
O&lt & Replacenen +.s /ae /W
Anortl zaül on C ap ae Lty / ec / yt

LEnd Pgnent Capeclt¡¡
crassffiArcrag€
T?T6r Ttõ'- Tt'J5. --$'6f5

2,6 2.60 2.& 2.6O-$5;U7- -Ur0n E7r --Ff55

Life of repaynent contnact (after 5-yea¡ developnent perlod) - lr0 ]æa¡s.

Farn operaùlng unltsr Aù present, based on acree of cropland¡ 125 untts
r¡¡rder 125 acres¡ t9L ì¡nít€, L2l.2t+9 ecres, 8J units, 25È37\ ecregt
J2 untts, 375-b99 ac$es¡ and L7 units, 50O acreg ar¡d oven. Antlclpated,
based on acr€a of lrrlgable lgrd ln existlng farma¡ 131 q¡rlts r¡nder
l0 acres¡ I09 rrnlta, SC-gg acresi 10ó unitar I0O-IL! acrêst 69 rrnitst
f50-f99 acres¡ a¡rd 8ó urlts, 200 acres a¡rd over.

Onnershlp unlts¡ Àt present b89 unfts under 160 acres of lrrlgable
land¡ 110 rtnlts, f6L-3¿O acres¡ and 18 unltc, 321 acreg and over¡ lfo
çater to be detlwred to nore tåar¡ 160 lrrlgable ecres under olngle
onnership or 32O acres ln Jolnt tenancyr

Growing sðaaon 158 da¡rs at llc0ook and 156 da¡æ at 0anbrldge¡

Elevatlon of proJect eaae, nal- 21735 to 2r0I5 ft.

Canbrldge
-Tfeæf

2)ú

L.3g

2,05

2.116

r.b3

L.99

2.1¡8

1'50

1.86

2.b8

l.5lt

1.?8

vl
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Initlal. llrsü ¡rater All proJeot
Length Capaclty Acres to be Ia¡rds to be
(Éþ") (ofs) serïed - applied e/ iryiegled å/Can¿ls

Culbertson
BeverlY-Slverside
Far.uers
Gulbertson Þctenslon
Culbertson E¡sùenslon

(upper)
Culbertson Þttenglon

(to¡er)
Upper lfieeker
ffi.ffuqood
üeeker Þctensfbn þ/
l[c0ook c/
Red TÍilfow c,/
Eartley
Canhrldge
Holbrook

Ðrders¡
1þenton¡
Bed Wllcmt
ldedicine Creekr

Enders
Trentqr
Red t[]l.on (uscn)
Medlcine Creek

25,8
1l¡.8
2.2

75'.5

13.2

?.2
19.1¡
17,'3

1Or8O0
2r87o

lrfO
Lr7?O

216$
5r?LO
L1620
61610

600
Ir36o
7 ß3Q

L51630
1r600

Aprt X

Apstl
April-
AprlI
Apntl
!{ay
Aprll
Aprl1
.April

Le55
LeSb
L9r5
L959
L956
)e55
1e5b
Lgll.L
t?r8

April
April
AprlI
April
AprtJ-
llay
April
Apr{.L
Ap¡d.1

r956
Le95
L956
re',6
L957
L?57
reÉt

l+05
60
L2

180

78

L2
300
æ5

Aprlt 1955
Aprlt 1956
Aþrtl I95ó
Aprt1 1955

AprlL 1956
.Aprll 195?
Aprrl ].95ó
4prd.1 1957

31580 April 1955 ApniL L957

lme

Earth-flI[
Esrth-flLL
Eartå-fiLl
Earth-f111

T8
100
130
325
36

Matct^m¡n
stnrcttral
heisht (ft)

VoJ.uue
(q 4")

1r?ooro0o
TrSoorooo

SpllLuay
capaolty
. 
(cfs)

,.3
2lç7
1g o8
bg,3
17.0

1953
1958

I/ SubJect to avaiLabfli.ùy of approprlatd.ons due to natior¡al
erÞrgBncy.

þ/ Inoludes 2 canal secüfons, one 5.5 uú,les longr lrrttÍal" capaclty
2L seõb¡¿-feet and o¡:e 1Oo7 miles long¡ fr¡ft'laL cepaclty 1OO second-feeùr

. g/ SubJect to coïstn¡ctLon of Red l[l]J.or Reee¡ryol.r by tt¡e torps
of EnB.neerso

llttNICIPAl lVAlm, None

Poï[En

DA¡TS

None

Irocatd.on

Or¡ Frenctuan Creek one nll-e gouth of Enders
0n &eErbl-ican Ríver
0r¡ Red Wi,LLor CrEek

^1.E
10

niLes rest of Trenton
sÉIes north of, trfo0ook

ü¡ Medicine Creek 9 nll-es nortlr of Ca,nbrldge

2AO

133
102

97

r.3l¡
1l¡b
90

LB0

+
+
+
+

000
000
000
800

,
,
t
,

vl1

2r000ro0o
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Elevation et na:rimr¡n
controLled Ètorage, nsl 3r127.O 2r773.O 2t559.O 2t386.2

Active storager ac-ft.
rnittar coãditions ó6rooo 25Lr9oo h8r5oo 8613oo

Capacity belon bottm
outlets ac-fto
rnitial conditions 81500 hr700 0 61000

Storage allotted for 50 )'€ars of operation as f,olLowsr

NESERVOIRS

Swanson
Êlders Lake

0
6l¡r000
58,800

13318oo

Total ae-ft 7l¡r5oo 2961600

Z/ Based on Bureau of ReclamatÍon Studies

prvEPsIoN ptuus

Red ïIl11or
(uscE) _

0
8r5oo

rSrooo
22'99

b8,5oo

Medlcíne
Creek

o$ee Sêc-
tion (rveir)

Conservation ac-ft
Sediment'ation acjt
Irrlgation ac-ft
Flood control ac-ft

1]Te

Culbertson
õõäõ¡Tffir*¡
süop).ogs and
verüical lift

gates

Red WiLlow
Creek

Earth di]re
Bartley Canbridge
Concrete Concrete

,
t
t

,
10
29

5oo
000
000

800

"/ , rSrooo-a/ 2lrr2}A
Lz'lo9
g2r3OO

30rooo

& concreta slab on
weir over- sheet
flow secülon pillng

Height above old
strean b€d, ft

Initial canal
oapacity, cfs

Design flood, cfs 9lr

3

r30118

I0

Loí

22 2

32,
000)

vili
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Contributlng dralnage
area sg ni 820

Annual run-òff average
ae-ft (L9?9-L9lú) óo'?oo

Annual run-off 65rL00
maxt¡n¡n ac-ft (L935)

AnnuaL run-off 5l+r5oo
rnir¡lnun ac-ft (1939)

Peak dlscharge 1L1600
of records, cfs (June 19Lq)

Mini-mr¡¡ discharge 5
of recorde, efs (March 1938)

HTDROÍ,OGT

Inflow design
fLooci, ac-ft

Inflow deslgn flood,
peak discharge, cfs

REMARI$

Enders Trenton

30oro00
voL. 8lr hrs

2oorooo

l¡ræ3 296

lSlrooo 19r900
5IÊ,2æ 3or8oo(1e35) (reh7)
?broffi 12r7OO(leho) (193t)

20oro0o 30ro0o
1¡¡ay i935) (.lune 19b?)

0 \"2
InternLt- (Sept L9b3)

tentLy
396rOoO Lhorooo

vol. ?2 hre

295ræO r3oeooo

Red r¡lllLLorr
(uscn)

Medlcine
Greek

000

000

650

58'5oo
tzi'50c

(r.91+?)

37 t?-æ
(L929l'

LLlr00O
(.lune 19b7)

6
(.lan 1938)

300
.7
200

voI Ïus
t
2

t

The Frenchnan-car¡bridge Divislon eontains ó8r570 acres cl¿sslfled
as irrigable. The pLan for ultimate developrnent of these lrrigable
la¡rds provides for contracts wÍth 2 lrrigation distrlcts. The
Frenchnan-Cmbrídge Irrigatlon District, whiclt wiLL lnclude the
Meeker-Driftrood, Bed r;iLLow, ad Caurbridge UnÍts, was organlzed
in 19b6. At present tt¡ls dlstrict contains 96t99O ãc{eqi after
flnat developaent i-t Tril1 be erçanded to a total of l+51660 âGrêsr
Tl¡e l?enehtran Valley lrrlgation Distrtct, whlch was or!-glnally
organi.zed in Ì91L, now comprlses 9rb50 acres. After reorgani.zaùIon
ls accompllshed, the Frenchuan VaLLey lrrlgation Distrlct wIIl
include ¿lL of the 221020 acres ln the Frenchnrra¡r Unit. The renain-
lng 890 asres of tl¡e illvlsion eonsists of private developnents which
wiLl be sold rçatær under a'llla¡ren Act contract,.

Constructlon of Enders Dano Medicine Creek Dæ, and Canbridge
Dlrrerslon Da¡¡ ls conpletæd. Tlte Cambridge Canal is under con-
struclion and rehabÍlttatior¡ of tt¡e enlsting n{eeker Canal has
been effectcd" Total constnrcùion cost,s for the Frenchnan-
Cabrtdge Divísion to Novenber 30, Ì950 was b25r65ZrOOA. Funds
avaiLabl.e f,or fiscal ¡rear f951 are $1L18951000"

ix
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TABI.E OF CO!ÍTENTS

---
Sumary Shects .
Llst of Î¡b1es .
List of Ext¡lÈtts

a

Paeb

tl
lc.v

]cR]-L

1
1

Ir

fta...atata.aaaaaalt
ratalltltaaataaaltat

CHAmm f - IF1IRO4ICIIOII . . . . . r .' . r r . . I r .
SuEûary and @fEluslong' . . . . . . . r r . . . .
Oenerel EL¡n for Dctelopent of trTeræl¡tan- !

CanbrtdgcDivlslon ' r o. r.. . ..... ..

CHAPIE II - fn8ilCHlf¡¡{ Itlflt t . . . r . . . . . . . I .
OoncralPlanfæDcrtloprent r.. r ' . '.. r.

Rcggrvolr cryrcfticl r . t . .' i . . . . . .
AfO¡g EBlYSd . r ) . . tt Ç . . . . . . . . . .

UatgrBgtourgPs r r r . . . .. . . . . . . . r . .
AvatI&Ie strsgn-fLor recorlg . . r . . . . .
Strcan.-flC Correlitiong ar¡d eltfmateg . . . .
Orol[:td,¡'¡ter. . r . . . . . . . . . . ö . . .
Qt¡¡lltyof letgr. ) . . .. . e r. . '. r .

fetgrRlgþtt t a.. . o. i.. . . . r ¡ o. . I
Actlwtatcrrågbte r.... r . r - 

o. r'' Inaotlvc l¿ter rlghtg . r . . . .' . . . . .
Oroundrgt.rl,cr ? r..... r . r. r..

lntlclpetcd t¡tsr Use of, FtÉwo Frlv¡tc llcvrlopreot
lTrtor use fæ prl.y¿t€ l¡rlgatlon dcwlo¡nent .
lf¡ter ü8Ë f,or drnlc,pent of pottdl ' ' . . . r
t¡ter ulc for nunlclpal end tnùr¡strl¡I

fellÎd^faelltO t . ] . r . r . r r r . . . .
FroJeot$¡tcrSlryply r.. r o. r !.... ...

Rglcrvolrl,¡t{Lct;... . '. r... .....
Streu-flg geetlonel eccretlont . .' .' . .
Rctt¡rr¡ flcn ) . . . ) t . r o r .' . . . r I

Tlatgn8cqulrcnantr r. .. ... ... .. . o . .
Det tlln¿tlør of lrrlgation ¡r¡d dl.vcncl,on

fOqUlfAnntl . . . . r . ., ! . . r . r .
Conrunpùlrr ü!ê r . . . . t . . . r .'.,
Prcclpttatlon otar prôJ€ct 8rêr ¡ . . . )
Cørrrrpülvc ule rcgullonênts of

l.rrlgattonrater r. . . . . r . r ' .
Dltrrclon reqtrlrenentr . . r . ., . r .

Evepof&ion flonreaervoÍJ. . . . . . , . ¡ .
Olror¡ gvapor¡ùl,on . | . . . . . . . . . .
Prrelpttatlonoverre¡ervoir . r. ¡ r r
llct rccgrvof.r cvaporation . . . . . ! r r

Sccpeglr....r
tfat¡n llùlll¡¡tto¡¡ . r . .

Rcasrvol¡ op€retl.onr
?a

a

a

)a

a

a

a

t

a

a

a

a

a

a

t

L5
t5
L'
L6
u
r8
18
18
26
37
39
39
t9
tß
tÉ
t$

t9
[e
lp
l$
5g
62

&,
62
65

6'
69
69
69
13
73
77
77
77

a

a a

xi

a

I

I

a aata
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TÁBrA 0F ColnEtns -- (contlnucd)

Boleeees for pubJ.lc hoal.tlt B€rvlce .
l¿tsr peselng the unit afùer dcrelo¡nent
Roqulrenentc for flsh atd rlldllfe . . .

$tmaf¡f .. . . . t t ¡ . | . . i . . . r r o .

t O

a a

aaart.

PagË

87
87
87
92

93
93
93
eb
e5

ro3
103
I03-
ILL
120
120
120
120
w,
l:25

L25
130
13o

130
130
130
1l¿0
1üo
1l¡O
tlrL
rl¡,lr
1l¡¡l
r5h
L57
t6z
L62

7ß3
L63
L63
tß3
ß5
L6'
L6
1ó6

CHAPîERIII-!|EE¡(R-EIE1Í00D[¡Ì{XI . ' ... }... r.
(þnêrel PIan for Devclogrent . . . . . . . r r r'-r o

Rgggrutl"f cepaclty , r..... r '......
Acrgggarvcd . . .. r . . . . r . . . . . ..

ÍgterRggourcgr .... ¡. r. r.. r.... r.
Avallable gtreæflorrcoordg r , .. . . ' . .
Strca'flor correlatl,ona end eeùù¡atsa .
(Fo¡ndwaùgr . . . . . ... . r . ¡ . r
Qualttyofratgr .... Ò r.. ...... .

TfetcrRigbts . ì r . . ' .. .. a. .. t.. . t
Antlclpetcd tetcr Uee by ll¡ture Flvate Develoçnento
ProJectlf¿terStryply... . r ' r r r.. '....Rg¡ervol¡1¡tflor . r r... r. ü r. r ? r.

Rctt¡rn floù . . r.. r i r . . . . . . r Ò r r .
WgterRcqul.raoents ' . . . . . t r . + r . . . . ¡ .

Detcnnln¿tLon of dtvrralon and lrlgatlon
feqUlfeaent8t ¡ r r r t f. t. I r.. ¡ i' Conrtryüivgusg .. ... r. r.....

Feclplüatlon . o ¡ . . r . . . . . . . .
Oonsunptlw uee regulre¡rnts of

lrrlgatlonrate¡r .. r .. . . . o . r
Diwrslonrequirements. i r ¡ ¡ o r . ' .

Evaporationfrol¡raee¡volr . r. r '.....
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CHAPTER I
INTRODUCTION

Sumary and ConclusÍons

The water supply study presented in this report shows all
ttre a.nttcipated operative uses of watêr. The study takes into con-
elrieration the future requirements for wat'er above and below the
Frenchman-Canbrtdge Division as well as ttre requirements 1n the
division. The factors which nake up ttre total use of water are
planned lrrtgation, prlvate lrrigationl farm pondsr recreation,
stream polLution abate¡nent requirements, and rnrnicipal, domest'ic,
and industrlal requirement's.

This watær supply appendix includes a sunmary of t'he deple-
tions to the inflow to Swanson Lake made by ühe Upper Republican
ûiùíson of the Republican River drainage and ¿ps¿¡san private develop-
ment and also sunnarizes the effect of the Frenehman-Carnbridge Division
developnent' on tl¡e Bostrrick Division.

The waüer available for developrent of the Frenchman-
Calnbrldge Divíslon is the wat'er supply renairing after upstream
developnent,. Upstrearn depletions will result from the bullding of
lr resetroirs whfch will provide storage for ttre lrrigation of 131000
acres in the llpper Republlcan llirrision, IÍ?ay Reservoir, on t'he
Upper Republican Ri-ver, BonrSr Reservoir on the Souüh Fork of t'he
Republican River, and Parks Reservoir on Rock Creek would harre
inigaùlon storage capacúty at ühe end of 50 years of operation of
8r000, 33r000, and 10r000 acre-feet, respectiræly. Pioneer Reservolr
would be bullt to provicle flood protecülon" Besides the^foregoing
depletfons for planned developnerit, depletlons üoteLing 800 acre-feet
were nade for the developmenü of fam ponds and depletions were nade
for the private development of 61700 acres Ín t'tre Upper Repubtican
Division,

¡ lrrigatlon of 68157A acres in the Frenchma¡¡-Cambrtdge
Divislon wo,rld be accornpl1.shed by using watær stor.ed 1n l+ reservoirs.
These reservolrs at the end of 50 rcars of operation would have the
following active lrrigation storage.capacities: Enders Reservoir,
29r000 acre-feet; Swanson Lalce, SBTBOO aore-f'eet; Red jllillor Reser-
voír, 181000 acre-feet,¡ and Me*isine Creek Reservolr, 2br200 asre-
fdet. These reservoirs will provide zuffÍcient storage capacity
for lmígatíon of all t'Lre land in the division whlch is economically
feaslble to irrigate. The study shows 22t9LO ecres it tþ" French¡nan
Uni.t, f6rhL0 eeres 1n the lrfeeker-Driftwood Uniü, 1Ir990 acres ln
the Red Tfillow Unit, and th2l0 acres in the CarrbrÍdge Uniü can be
provided an adequate water- supplyo

The süuff anticipates t'hat 11100 acre-feet of waüer will
be used by the developnent of farm ponds along Frenchrnan, Stinking
lfater, Red l['ll*[ow¡ and Medicine Creeks, and thaü a total of 81950

I

K5002221



Introductlon

acres wlll be irrigated by private development along these creeks.
Depletions of the water suppLy for this pond and private irrigation
development were made.

T[ater requl-rements for rrunicipa], domestlc, anC in<lustrial
uses were also considered. No depletions for these uses in t¡e
Frenchman-Canbridge Divlsion were made because water for then is
now obt¿ined from we1ls and no lmportant inorease can be foreseen.

Strean pollution abatement has been studied by t'he Rtbllc
Healttr Service and they have recon¡nended ninimun flows at crit'ica1
points along ühe rlver' An analysis of strean-flow cond:ltions
after the proposed development shows that there will be sufficient
water in trhe river at the criüical points to neet these ninimun
flow recommendations, except dr:ring August I931r August, Septenber,
and october lgl¿3, and October 19hh. Releases were nade fron
Medicine Creek Reser¡roir to neet these Publlc Health reguirement's.

After depletions to the water supply for the developnent
of the Frenchnan-Carubridge Dlvision were u¡ade another stu$r was
made to show ttre anount of water that will be needed for ttre develop-
ment of ùhe dovmstream arêas. this study shows that there is a
water supply for the development of dormstream a?eas af,ter all
planned upstream developnent takes p1ace. The downstrearn depl"etions
will be reported in detall at a later date.

Strean-f1ow hlstorlcal records are not avallable at all
stationg for t'Lre entire period of study and lt was necessary to
esùimat'e flows at several staülons by correlating n'tth ecisting
records at nearby stations. The accuracy of historical flow records
is considered to be good to fair, dependtng upon the type of station,
except for periods of ice effect when alL records are considered to
be poorç The stream-flow estlnates are aI1 consídered to be
reasonable.

Thls proposed plan does not contnnplate punping fron the
ground water for any planned development. It ls anüici.pat,ed, how-
ever, thaù some of the proposed private developments vrlll be accon-
plished by developing wells. An observaüion progra¡n of the ground-
waùer table is being initiated by the Geological Sunrey by establish-
ing observaüion rvells. this prograrû will make it possible to noùe
any changes ln the ground-water table due to irrigaülon and will
enable early detection of problem areas resulting from poor drai-nage.

All surface water ¡rrhich has been analyzed for mineral con-
stituents are rrexcellenttt for irrigation. Wells generally provide
excellent irrigatton water although some of t'hen haie water with a
slightly high üotal salt contenü vuhioh nakes it nepespary to rate
them as providlng only ttgoodrr irrigation wat€r'

2
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AlI water requirements are based upon ühe Lowry-Johnson
nethod fOr deternl-ning consunptive use. The weather reoords used
in naklng'the stu$r are availabfe at stations in or near t't¡e area
for wb-ich water requirements were deten¡ined.

In general it is antícÍpaüed thaü oilners of water rights
along the nepublican River wiLl choose üo obtair¡ water fron the sur-
face distribution provided by tJre Frenchnan-Canbridge lrrigatlon
Distrl-cü rather than exercise ttreir water rights and continue punp-
ing fron the ld.ver. A water supply for the ]-and irrigated under
thãse rights h¿s been prouided because these lands afe j¡rcluded in
the acreage for wtrich water supplies have been determined'

Water rights in tt¡e Frenchnan-Canbridge Divislon for the
use of natural flon and stored water are senior to ar¡y dou¡nstrea;n
rÈghts orcept for the såorage right in Harlan Ccrunty Resewoír,
ïhich is senior to the Svra¡¡son Lake and Red Will-ow Reservoirs.

This study is based upon ttre zupposltlon t'hat tlte oçners
of lands under the present Meeker Canal and the Culbertson Canal
will choose to receive a water eupply fron the Bureau of Bectamaüion
and w:i11 sign a contract for deli-very of watero

The orvners of lands under the Culbertson Canal are fn the
trbenchnan Valley rrrigaüion Distrícte If they should sign a con-
tract for purchasing supplenental T'fater only, and do not choose to
sign a contract for réhabl]lüatton of their canal, ühe problen of
serving the McÇook üablelands rnill be naterialLy increased because
it is proposed to serve this area by orüending the Culbertson Canal.

Montl¡ly operation sLudies for each of the l+ reservoirs
were made using the water available to the division after upsürean
depletions dr¡e to future developnent. These stud:ies were mede using
the stree.n florv and weather conditions that existed ùrrfng the
period 1929 thror¡gn f9lr7. Thls period was used because lt contains
the period 1931 through 19¡+0 vrtrich is the }ongest known period of
susüained drought. It is shour¡l that there is an adequate water
supply to neeù denands that would be made during such a period.

' The studies were made with each reservoir storing aII the
water fløuring inüo iü and allowing water to spiL1 only when the
reservoir wag fu}}. Return flows enteríng the strea¡n fron irrigated
lands were rediverted in the operatÍon studies at the first down-
sürean diversion da¡n ánd were effectfve in rnaterially reducing the
storage requirenenùs f,ron reservoirs. Duying ühe w:i-nter season they
eonürlbuted to ühe strean flow and to the iriflow of, dor¡nstream
regervolrs.

An analysis of shortages in the water supply studies was
made to show the effect of enforeing priorit'y of storage and it 1s

1
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sho¡rn tl¡at it would have been necepsary to pass waùer dornstream
only once during the perlod of study, if priority rlght^s were
enforced. The amount of water that could have been denanded by
dovmstrean resevoirs would not have been enorgh to cause intoler-
able shortages on the upstrean lands. the use of storage water is
based upon the concept that storage watær can be arìqinistered to
zupplernent natural flow so that all areas proposed for developnent
will share tlre nater supply.

The operatlon studiea presented herein shor there is
sufficient rater to develop aIL lrrigabLe lands Ln the Frenchnan-
Canbridge Dlvision. An analysis of prloriby a¿trnirdstratlon shors
the junior prÍorltles of Sranson Lalce and Red l{lllon Reservoirs
rrill not prohibit the develópnent of lands sereed by then.

Recenü sedinentation studies indicate that more serllment'
wiIL be deposlted in Xedlclne Creek Reservoir t'han was provided for
as e result of origlnal esüimates. The studies also slþr t'hat less
sedinent uiLL be deposited in Enders Reservcd-¡ and Swanson Lake
than original-l-y est'lnated' Tt¡e additlonaL storage spece ln tåese
two reservoirs rùich are upstrean from the Canb¡'Ldee Unit lands
rtll be used to offset the redr¡ctlon 1n space due to the accr¡mula-
tion of sediment ln Medicine Creek Reservolr. The naxl¡nun use of
tÏ¡e rese,rvoirs riIl be acconpllshed by eoÍst¡:r¡ctlon at the eerlLest
daüe of the proposed canal systens.

Gçneral Plsn for Developnent of Frenchrnan-lanbÊggg. Division

Thls report provides the rater supply infomatlon for tù¡e
general plan of development for tù¡e Frenchnen-Caùrldge Divlsion
and glves definite plan water supply data for Enders and Medicine
Creek Reservoirs and Swanson lÉlce. A {efinite plan of operation of
these reser¡¡olrs rust neeessarlly incLude detalled analysis of water
requirenènts for all of the lrrlgation syste¡ns involrred. In additj.on
lt has been necessary to provide conplete lnforraatlon of the Red
1Ê11or Unit in order to deterncine ùhe r¡ater flon the RepublÍcan River
divertable at the Canbridge DiversLon Dam¡

Although the definite plan reports for the can¿l systerns,
serr¡ed fron t'hese reservolrs, are not schedlrled until later dates,
definÍte plan rater $¡pply data ls íncluded in thls report' for these
canal systems and t'tre Lands whlch are served. If there ls no $tb-
sequent change 1n pLal, tbe nater supply data for tltese canal sysüðns
so j.naluded, fill not be resubnltted, but reference rrilt be ¡nade to
this report and additional- supplemental daüa will be transnitted.

the proposed pLan for the irrigation developnent of the
Frenchnan-Canbnidge DivlsÍon is a plan for t'l¡e developnent of the
portion of the Republican RÍver drainage basin rest of Harlan County
Regerr¡olr a¡¡d east of Swanson Lake and Enders Re*rvoirs. this area
is outlined on tt¡e Kansas River Basín nap, e¡ct¡iblt 1. The existing
deveLopnent and the proposed deveLopnent are ortllned on the division
nap, e:rhibit 2.
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Introduction

. Four resert'olrs are planned for the develo¡nnent of 1rrd.-
gation in the Fþeneh:nan-Canbrldge Division. These would be nultiple-
purpose resenvolrs and wiIL provlde recreatlonaL facll-ities and f,lood
ãonirol benefits in additlorto f.rigatlon storageo The l+ reservoirs
would provide storage for 1301000 acre-feet of irrlgatton water,
which would be adequaLe for irrigation of the 6819?0 irrigable acreg
in tho d:irrislon. No production of powetr fron theoe reservoÍrs is
planned, because it is not consídered econon:ically feasíbLeo

Aü the present tine, there are Jt5t937 acres being írrigated
in the ùivislon, and an addltional 3rß5 acres are not ln tt¡e district
which are or can be imi-g*ted fron wells. There ere L2r6& acres
whiclr are irrigated fron a gravlty systen aad )t277 acres now irri-
gated from welJ.s in the dlstrlct. D¡e to the low flonr of the süreans
in the late eu¡a¡ner, the irrigated land is 1n need of a supplenentel
water suppl¡t. Lny ner development in the divísion is dependent upon
the construction of storage resenvoirs to nake available, during the
irrigation season, the winter flows and flood ru¡toff that is nornally
lost,

The Frenchnan-Canbrldge lrrigation Distri ct was organized
on .A,pril 8, t9l+6, to serle the lands of the Frenohnan-Cambridge
Ðivision as 1ù e¡rist'ed aü t'haü tine. The distnist as organiäed
includes the land under the Farners Canal, Riverside Canal, Meeker
Cana1, Red Willow Northside Cana1, Red Itllllow Southside Canal and
Ca,rnbridge Nortt¡slde Canal, armuntLng to about btrOOO acresi This
dlstrict signed a repa¡ment contract on May 29, LgW, nrith the Unitod
Støtes, to supply weter to these lands.

The original plan of develo,pnent for this district prouided
for storage only in B¡dens and Medlcine Creek Reseryoirs, sincc tber.e
rras an adequate water supply fron tùrese sources for the l+trOOO acres
included in the distri-ct and for a supplenental wsüer supÊly to the
lands now bBing lrrigated under the Culbertson Cansl and the 890
acres served by stream pt¡aps and a strea,n dÍverslon. Subsequent to
the fornation of thls lrrigation District, the construction of the
Trenton Dam has been initj,ated under an emergency flood cont¡ol
appropr{.atlon, and the Red Itfllow Dan bas been added to ühe plan of
deveioprnenü alloring for the developnent of a larger area to be
irrlgated, totaling 68r57O acr€sr

lands that would be serræd under ühe present p1an, that
are not included 5-n the present }?enchnan-,Cambridge lrrigation
District, include lands now served by the Culberüson Canal ín the
Frenchman lrrigation Districts and new Lands that would be sewed
under extension of tt¡e present Culbertson Canal, new lands under
the Beverly-Riverside Canal, new lands in Meeker-Driftr,¡ood Uniü,
and new l-ands under the Holbrook Canal.

It is proposed to negotiate a ngn contract rnit'tr the Frenchman-
Caúridge lrrlgatíon H-strict and exchango Enders storage water for

ü
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Introduction

Swanson Lake étorage water so tt¡at tt¡e area uncler the Culbertson Canal
could be served. Ifnder the present plan Ð:ders Dan woul.d serve the
Frenchman Creet( Unit outlined in exhibits 1 ar¡d 2. For si;aplicity
in operatlonal problens, it has been proposed to incorporate all
the land in the Frenchnan-Cambridge Diyislon into one i.rriga.tlon
district. Because the Frenclman Valley Irrigation Distr{ct nay noù
wish to fose its ldentlty, one alternate plan has been proposed.
Under this plan, the land now in the Frenclman-Carnbridge frrlgation
District under the RLrærside and Farmers Ca¡lals and the land west
of Mc0ook and east of the Red lÏillow-Hitchcock County line woui.d be
withdrarm fron the district. This land along with the land under the
CuJ.bertson Canal Extenslon and land under tJre Beverly Cane.l could
then be added to tlre Erencfunan Va11ey lrrigation District and could.
then be served frcn Enders Reservoir as one unit'

Three of the .qa.s (Enders, Trenton, and Medicine Creek)
are being constnrcted by the Bureau of Reclanation. Medicine Creek
Dam was conpletæd in Ðecember lgl+9, Enders in October 1950 and
Trenton Ðam, rrhich 1s now under construction is scheduled for con-
pletion in .Ianuary 1951+. It is plarrned that'the Corps cf Engineers
will construct Red lI1llo¡v Da¡r. Ccnstnrction of these dams wae
authoriaed by Publi.c T.aw 53h, ?Bth Congress, as units lncluaed in
the Mi.ssouri Rir¡er Basln Projecto The plan of dÞvelopnent ouülined
in Senate Document No. 1p1, was revÍsed by Senate Document No, 2h7
as a eoordinated plan of the Corps of Engineers and tl¡e Bureau of
Reclanatlon"

the watær supply for t'he developnent of irrlgation 1n the
Frenchman-Carnbridge Dlrrision vrlll be water stored 1n Svranson Lake,
Enders, Eed tfil]ow and Medicine Creek Reservoirs and.sectÍonal
accretions ín stream fÌow between the storage reservoirs and the
diversion darns includilg return flows from irrigated lands, ltle
distribut'ion of stored waters as assu.ned ín the studies can be
acconplished 1f the Federal Governnent witl retaln controL of the
rater stored in reservoirs bullt, or to be built rith federal funde
for irrigation purposes, to the extent tt¡aù such storage water can
be aùninistered to zupplenent natr¡ral flcnp so that all areas proposed
for development in t'tre Reprtrblican Basin w:111 share the available
water supply.

Exhibit 3 is a bar graph shoming t'he avallable st¡reem-flcnr
records thaù have been used in this stuSr. Table I llsts all stneam-
flow stations ln the d:ivislon and arijoinlng draLnage areas vrrhere
records were used in thj.s studyr The period of record, type of gage,
souroe of data and average flow are shown for each station.

Þchibit l+ is a map showing t-he location of all Cegrng sta',Íons
listed 1n table 1.

ExhibÍt I presents graphs of hletorical precipj.tation over
the different units in the Frenchna¡-Cambridge Dlvlston. The graph for

I
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Introduction

tt¡e Meeker-Driftr'¡ood Unit is fairly representative of the area and
is the mean of records for Mc0ook and Culbertson. Using the data
for the Meeker-Driftwood Uniù, it i-s interestlhg to note that the
occurrence of droughts has been fairly frequent durlng the period
of record, fBB2-191+7. The average annual precipitatlon for this
period was 20.03 inches. Some perlods of sustained drought, ,lvhen

the total annuaL precipitation remained less t'han 20.03 inches, and
the respectlve totals of annual precipitation for the drought periods
are as foLlows:

1893-eó (
1898-1901
1906-l-h
r9L6-22
193L-l+O

lr years)
(l+ years)

9 years)
f ¡æars)
10 years)

lh"gr
u.00
17.0h
L6,93
L7,20

ínches
inches.
lnches
inches
lnches !r/

(
(
(

The Bureau of Recl-arration has filed with tfte state of
Nebraska for appropriation rlghts to water stored 1n Enders and
Medicine Creek Reservoirs for irrlgation. These fllings lnclude
sÞece in the reservol-rs for sedlment and dead storage. At thls
date, no filings have yet been made for approprietlon rights for
water to be stored in Red lÏi1lov and Swanson Lake Reservoirs. A
fitlng for the right to construct Trenton Dam was made wlth the
Nebraska Departnent of Roads arrd lrrlgatlon on November ]:9, L9h9,
The, dates of fillng and storage rlghùs appLied for Enders and
Meùiclne Creek Reservoirs are as follows:

Reservolf Storage Prioríty Ðatæ

May 1, 19[16
May 1, 19[6

Ðnders WrO79 ac-ft
Medicine Creek l+Or0OO ac-ft

The reservoirs are so loeated that it would be physically possible
to senre more tl¡an one unit n¡:ith storage wat'er fron eaoh of the 3
upper reservoùrs in Nebraska, Enders, Swanson Lake, and Red ìlfillow,
but tbe plan of development presented herei-n, which is based on ühe
avail-able rlver flow record for t'Ï¡e Lg-year period of study (L929-
f9L7) lndlcates that 1ù would not be necessary to release stored
water froa nore than one resen¡oj-r to serve any unit.

It should be noted ühat the appropriation for tJ:e storage
of water ln Harlan County Reservoir has a priority date of January
26, t9l+8, which is Junioi' to the Mediciræ breek añd Enders Reserväir
appropriaüions but senior to ùhat of tbe Red Willow and Sranson Lake
Reservoirs. the Republlcan basin studies indicate that bhe Frenchnan-
Carabridge developmenü wÍ1l not adversely affect the proposed developnent

Includes ttre 3 years of 1933r'L%5, and 1938, which were slightly
above averege,

v
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Introduction

of the downstrean Bostnriclc Diuislon which will be served fron Harlan
County and Loverell Reservolrs.

The lO-year period of 1931 throrgh 191+O is conslCeyed to
be ühe nost critlcal a¡d ís included 1n ùhe period of operation
studies (f929-Lû). It is very probable that droughts ín the 1893
ührough 1901 period would have been alleviated by carry-over
reservoir storage from the ret years of 1891 and 1897. The wet year
of 1905 would have provided storage water for the dry period of
1906-11+, tha records indicate ttre reservoirs would have spilled in
1915, one of the wettest Jrears on record, thus providing catry-over
reservolr storage for the dry years of l-916 ührough 1p22.

It 1s apparent fron exhibit J thaü ühe r¡vet period of lg27
ttrrough 1930, hauing en average annual precipitation of 25.66 inches,
world have provided enough rr¡n-off to fill the storage reservoirs.
lrta1 ri.ver and reservolr operation studfes indicate that all of
the reser¡¡oirs would have sp1lled, or very nearly spi1led, 1n 1928
and 1930. For t'his reason, all of ttre resern¡o1rs uere assuned full
at tåe beglrming of the operatlon studies.

The lrrlgatlon storage thaü rl-ill be ava11able in the
reservoirs after 50 years of operaù1on hag been used in this study.
A separate appendix ls being prepared and will be subrÉtted at a
later date to show the effect of se¿l{nent deposiùion on the reservolr
content.

il+
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General Plan for Deve],ofment

Ilnder the proposed plan for development of the lbenchma¡¡ Unlt
a¡r adequate water ãupplfwould be provided by the stor¿ge in Enders
Rese¡vòlr to fi.¡rnJ.sh, a needed suppleraental eupply to all la¡d now

irrlgeied in the u¡¡it ar¡d to irígate all the rasining- i.:rrigable
iard in the F?enol¡roan Valley. There ls a possibllity tha.t a'con-
siderabJ.e area above Palisade wiLl be developed by pnivate IoeâIIoe

ihe strean florv above Elders Dan ras deplete"d by a {uaritlty large
enough to lnigaÈe an additLonal l+r850 acreg, and the aec:retÍon of
strea[ flcm between Enders Dan a¡rd Palisade wag decreased enough to
irrigate an addítLonal 1r?50 acres' This 1r?50 acres wouLd be located
aLong Frenchna¡¡ Creek and aLong Stlnking ürater &eek. Releases were
nade fro¡n Ðnde¡rs Reeervoir sufflcient to firrnish a supplanental waier
supply for 890 åcre6 between Enders Dam end Palisade, Nebraskar thaf
atre now i;rnigated by purps and stream diversíon.

CHA TER II

FRENCHIIA¡I UNIT

The Culbertson Dlverslon Dam at Palisede, Nebnaska, would be
rebuilt and the er¡tirê a¡es jr¡ the r¡nÍt wor¡l-d be served by díversl.ons
frcm this dan. Two ¡naln canalo would getr¡e the area, see exhibit 2.
The Culbertson Canel would be reconstructed to a capacity of l+05
second-feei; and have a total length of approxÍmateþ 6h niles" This
would include the a.ree now served by the Culbentson Canel, the area
under the pnoposed extension of the t\¡lbertson Ca¡ra1¡ and the area
under the Farrers Can¿I, The area orr the south side of the creek-
would be se¡:ved by the Beverly-.Riverside Cana} whi-ch would rlÍvert
water flom the Culbeftson Canal at a point approxfrnately 3 miles
belor the Culbertson Diverslon Dan, crossing F¡enct¡¡uan Creek thnough
a siphon. Dive¡:sion ro¡:ks serving the present Bevenly-Rivcrside
and Farmers Cana1s would be abendonedo

Construction of ürders Dam was cormenoed on March ljl, l"9l¿?.
closure of the dan was nade Ocùobo 2br 1950.

Reser'¡oir capaoities

The

Enders Reservoir is designed rrith euffieient capactty to provide
adequate spaoe for the accunuletion of, sedinent. It ls estÍnated
that 101000 acre-feet of stonage spêce is neguired. This amounù_ was
based on studi.es for sma1l reservoirs with consideratlon for the size
,er¡d use of the ¡neeervoirs studied ar¡d also the estlnated sedfrûent
Ioad of the Republicar¡ Rivero

The dietribution of the anornt of Eedl¡uent estfÍraied to be de-
posited ln Enders Ïteservoi¡ 1n 50 years was baeed on studles of actual
sediû¡ent dlstribution 1n other Br¡reau of Recranatlon reservoirs,

15
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Frenciman Unit

adjusted to conforn to the topography of Enders Reservoiro For a
100-year period the storage space requlred for sedirnent was estünated
to be double that of a 5O-year pe::iodr

Table 2.--Enders Reservoir storage capacity allocations

acre-feet,

Inltia].
çstditions

(no sediment)

5U-Year
Etrrditions

(lorooo ac-ft
sedirnenb)

10O-ye¡âr
oonditions

(20roryJ ac-fb
sedÍnent)

a1loc. U.Illu

Dead sborase

--
Llp of i-rrig. outlet e1ev"

8r5oo

s.torage
êl.êVo

8ríoa

l+l+r5oo

36r0oo

30r0o0

5r5oo

3br5oo

5,roo

29 rAæ

30r000

2r5OO

2\,50o

5l+ 5oo

2r5oo

22|OOO

30rooo

3080.0 feeü
Active irrig"

top offigl-ffif
3112.3 feet
Flood control storage

rop oT-ÎTãd¡ïãlFoTT'õil
e1ev" t2 7

Operatlon studles,were based on conditions esti¡nated to exisü in
the rese¡'¡oir at the end of 50 fearsr The lmigatÍon storage available
at that tjme wlll be 2pr000 acre-feet. Some wster can reasonably be
e:çected to be stored in the reservoir area as bank storage' The effect
of bank storage would be to l-ncrease the storage capacity of the reser-
voi¡o This lncreased sto:rage that night be clalmed due to the bank
storage has not been rrsed ln thls st'udy because the quantity and rate
of infloiy and outflIow fþcm the bank has not been esùabIlshed.

Sedünent studies now l-n progress indlcaüe ühaü the estlmated re-
quirenent of IOeOOO acre-feet, for sedi¡nentaÈion ln 5O years used in
this study rnay be reducad to about 2rOOO acrg-feeto Using the latter
figr.ue 1n this study wouJ.d not change ¡naterial,lÍ the present plan¡
Detailed sedi¡nent studies will appear in the Sedi:aent, Appendixa

Areas served

The present proposaL requires that the Culbertson DiversLon Dam
near Palisade, Nebraska, be rehabllitated and used to dlvert water
fþo¡a FTenchnan Creek to the Cr¡lbertson Canal which will serve 22rO2O
lmigable ac?es in the Frenchman Unit. Depletions have also been
made to glve a supplemental supply ùo 890 asres under the Mc0lain
Cana1 and strean ptltt¡pso The water released f¡om Enders Dam and the
gain in fllcm for Ï?enct¡uan Cneek, which ¡riIl inolude the flow of
Stinklng Water Creekr will- be ùiverted by the Culbertson Diversíon
Dano

0
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trÞenchnan llnit

The existing Culbertson Canel will be enlarged and ertended and
will- dellver water to the present Far¡¡ers Canel a¡rd to the Beverly-
Riverside Canal. Ner land that will be served includes Lr350 acres
in the presently irrlgated areae 7 ¡91+O acres r:¡¡der ühe e:tfenslon of
ttre Culbertson Canal, L10 acres under the Farruers Canal and 2r3lr0
acres under the Beverly-niverslde CanaL The Fa¡mers CenaL which
at one tùne served 2?0 acres wl-ll be reconstructed to irrigate lrlO
âcrêsr The old Far¡aers Ca¡¡aI head gate w111 be abandoned and the
canal uÍLI be served with waùer through a lateral fron the CuJ.bertson
Cana1. Ar¡ area of 21870'acres wlll be irrfgated fYom the CuJ.bert,son
Canal on the souüh slde of Frenct¡nen Creek through the Beverly-River-
side Cana1 which wlIL dlvert fro¡n the Culberteon Cenal about J miles
bel,ow the head gate. The canal rrill cross the creek in a siphon about
3 niLes below the Cu.lbertson Diversion Ðæ. The acreage under the
Beveriy-Rlverpidr Cr¡¡eI lnclr:des 530 acres of la¡d now irrigated under
thê Rfverside CanaL. The existing Rlverslde Diversíon Dar¡ wlll be
abandone'd.

The a¡ea to be served under the Bever\y-Riverslde Cenal and the
Farmers Canal was detendined flcrn the deüailed l-ar¡d classífication
sllÍv€Jrr The acreage to be serr¡ed under th€ Culbertaon CanaL was
obtained fron a ssîldetaiLed land classlficatlon. A revlsion of
these ffgures nay be necessary after the soll survey is checked
agalnst topographlc ûapso The area under the Gulbertson Canâ-l ercben-
sion and the streån purps was deùer.nined by a reconnaiseance land
clas sification su:rrrey.

Table 3"--ProJect areas under each canal ln the Fnenchna¡r Unit

Acres for irrigation 1n proJect
rry
l¡ri ted Total

an
Beverly-Riverslde Canal, gravity

I lt rr , we1]s
Farmers Ca¡¡al
Culbertson Ca¡al Extension
Strean

e/

5lo
555

0
0

1r 785
o

l¿o
T,9bO

0

2 3r5
555
l¿o
9[07,

Inclt¡des l-80 acres under McÇlain Canal- on Stinking rlater Creeko
Ihe entire 890 acres a¡e to receive storage benefíts only.

lVater Resources

Frenchruan Creek heads in Logan and PhilLips Counties ln eastern
Colorads end flows southeastward, Joi¡ing the RepubLlcen River at
ü¡lbertson, Nebraska. trlenclman Creek and lts prínclpal trlbutary,
Stinking'tïater GTeek, drain en area, a considerable portion of whlch
is sand hills a¡rd therefore they have a very unifonn flow throughout
the yearr

u
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Available streaqflof records

Historicel records of the
;!

of rr&rcimah Creek at [trrders,
Halflletr Palioade, and Culberüs
flor at requlred polnts. The
gage, source of dat,ar and the
sùations are shovm in tabl-e 2'

on used to determine the available
of record, avetage flow, tlPe of

buting drainage area for thesec
Culbertson is the only staiion fut ùhe

unlt where historÍca1 records of the Frenclman Cbeelc flow are complete
for the entire period of süudy" the Palísade recorCs are coneidered to
be only faf-ro À11 other records used are consldered to be good except
for periods of ice effect when they are considered poor6 The period
of rècord at, ühese stations -is shcrvm graphically Í¡ exhiblt 3o

Strea¡¡-flow correlatÍons and estimates

Historical strean-florv records at all pertinenü locations are not
available for the entj¡e periods of study, nanely 1929 ùh¡ough 191¡?o

The use of correlations wiüh avall¡b1e records at other staüions ças
necessary i¡ order to cønplete the records for use ln the opæation
studiese

Concu¡rent hist,orical reco¡ds of trlenchnan C¡eek near Enders,
Nebraska, were correlaùed rlth records near Harnlet¡ exÌ¡1b1t ó, and
ühe roissing Enderst records were supplied by enterj-ng the ourve wifh
the knovrn ¡'uaof,f it the gage near Harnlet' Table l+ presents t'he
hf storlcel and estimated runoff of F?er¡cb¡nan'treek near Enders (at
Enders Dan Site) for tbe peniod of sbudyr

Hlstorloal flow records of Frenchman Creek near Ha¡nlet, Nebraskat
for the perlod of study a¡ç conpleüe with the e:ccepü1on of the October
1928 through Aprt1 L929. These rnonths were estj.¡aaùed Jlor¡ a cone1a-
tion eurve, exhlblt ?r on which concument historical records nea¡
Hamlet were pl.otted against hj-storlcal records at Culbertson, Table 5
presenùs the nonthly historlcal runoff of Frenchnan úYeek near Hamlet,
Nebraskao

Ðùiblt I presents a curve resulting froru plottlng concurrent
historlcal records of t?enclunan @eek near Palisade wlüh records'at
Culbertsono Using this curve and the historical reoords of the flcm
at Culbertson, the rnlssing flor for the period January 1931 through
Septuuber 19117 was estimated, see table 6.

Historical records for the period of stridy of Frenclman Creek
rbr¡off, at Cr¡Lbertson are showr¡ in tabLe 7o

C¡round water

Since L?31+ a progtanr supported by the Universfty of Nebraska,
the Nebraska Departnent of Roads and rrrigation, and ùhe uniüed states
Geologlcal survey has been conducted to provide for perlodic roessure-
rnents of the depth of water Ín observation wells in the valleys of

18
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fabl-e lr. Historical Run-off of Frenchna¡r Creek at Enders Dan. I/

in L00O acre-feet
ear OY¡G

60
56

I+.5
l+.1

h.r
b.5

a \.2
l+.?

b,8
5.1¿

Ir5.lr
5.3

5'l¡
b.g

5.2
h.s

5
5

5.1
lr.1

l+' B

lr.9
5"L
5.o

5.6
5,6

0
5

h
B

o
9
1
1
3

a

a

5,6
l+.b
\.9
I+.8
l+.5

5,8
5.b
b,g
l+.9
5"2

5.5
5.r
lt.7
h.h
5.0

5.6
\.5
b.g
5.c
l+.3

5"3
h.B
l+.8
b"5
¡+.1+

5.2
It)
b.5
I¡.ó
lr,3

7
3
l+

3
3

lr.
lr.
h,
l+;
l+.

,\)o

6
B

0
7
2

5
l¡

5
h
5
5
5

5.5
5.Lt
5,9
5.6
5.3

5.3
L.l+

5.3
l¡.9
h.B
5,5
5.3

"2
.7

"Lt
;7
.1
.2
.5

(
L

l+

l+

5
5(

5.0
h.?

ri.s
b,7
5.r
5.L
b.g

1929
L93r) 2

L
o

61.3
1 6t.B- 

65.L

I

60.B
60.0

l+.3
b.3
5.7
b.T
\,5

5.9
5.o
5"3
l+,L
h.2

l+.2
b.7
L.h
h,1
h.lr

b.7
5.b
b.2
6,a
7.5

.O

.B

.3

.6

.9

h.5
b.2
5.a
l+.r
b,6

b.2
lt.3
l¡"1
1J,"2

l+.8

?o
l+.7
5.3
\.2
5.2

Ir. B

5,8
6.2
5.3

],2.7

L.l+
L.l+
l+.ó
l+ 'ó
I+.5

5.11
b.5
b.?
5.o
I+.7

.g
,g
.6
.1
.g

5
L
5
It
7

5.6
5.lJ
5.3

5.b
5.8
5.2
5,2
L,B

T93L
L932
L933
rglb
r935

L936
L937
L938
1939
19h0

19L}
19h2
L9I$
191¡l+

I9lt5

L9\6
L9b7
rpLB

6.j
5.5

6t.lr
56.7
5&.7
5b"5
63.5

6.3
l+.7
5.o
b.2
b.z

5.6
6.c
lr '8
5,g
b.g

5.o
5.2

l+

9
6
o
7

û

6r
6b
62
61
6a

b.l+
6.1
)r.3
,l+.l-
h.9

5
5
6
5
5

5.1
5.b
5.2
5.3
5.L

5.o
5,3

)

5
5
5
5
5

5.o
5.9
5.1
5.6
5.o

5Jt
5.6
5.5
5.3
5.1+

É?
5.r
5.7
h.g
5.t

l+.6
U"s
5"6
l+.9
5.r

b.7
5.j
5"5
h.ó
!+.9

59.g
63.'.|t

5
b

7
7

1
ç

tl+

Ir
b"2
5.8

5
5

l+. B

5"9
5"'
5.6

å.v.raea la,9 lr I .2 .1 5.3 5"L 5,2 5"9 l+*? h-5. h"? e:'l
0ct" 1928-"Feb" 191+6 Creek near llamleto l{ar, 191¡6 - Sept., l9l+7 a*eLl

KS002240

based on correl-ation with Frenql¡rnan
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Table 5. Historical Rr:n-off of Frenchman Creek near lIanlet, Nebraska. L/

(Unit - 1oO0 acre-feet)
Year Ost. IIov. Des. Jan, Feb" L[ar. Apr. May June July AuB, Sept. Tota]-

L929
L930

Lei46
l:9l47

6.
5.

6.3
5.II

6"h
h"g

6"5
5"7
5"5
6.g
6"h

5.9
6"5

6"3
5"6

6"
5.

7.0
6.6
6.5
8"3
6.8

6.lr
6"b

6.6
9.5

7"0
5.7
6.2
6.2
6.1+

7.1
IL"9

b"5
5.j

l¿.o
5.3
ó"1+

b"5
6"3

6"7
5"0
5"lr
6"0
5.3

5"7
6"5

l+.3
5.0

7.6
6"0
6"5
I+"9
h.5

h.g
l+"8
5,2
9"2
5.0

5.L
I+"2

6.0
L,3
5.2

I+"?
8.0
L.6
li. r
5.7

é
l+

0
3

6
7

2
3I

IU
7

6"6 6"7
6.5 ó.1

'7L"6

63.8

?lr.o
65.3
6g.g
61,1
77,7

?li'o
7g.B
75.e
7J.o
72,3

72.o
76,3

L93L
L932
L933
L93I+
L935

L936
ltg37
1938

B Le39
191+o

191+1
L9l+2
rqb3
191¿l¿

leh5

5"7
5"b
6"2
ó"1
5.8

5.3
h.?
I+.9
L.T
h.6

6.7
7.1
6.8
6.5
6.6

6.5
6"2
7.2
5.8
6.2

5"2
5.7
7.O
5.7
6.I

5.3
ó"h
6"9
5.2
9.7

h.g 7
9
6
6
2

o

o

72
7o
73
7b
8o

h"7
lr.?
7.2
5.3
5.0

b"5
5.3
L.8
b"2
l+.9

6"8
6"7
7.3
7.1_
ó.b

5"0
l+.5

l+.
h.
L.
lr.
5.

5
6
3
l+

5

6.6
7.3
6"3
6.3
5.5

6.L
6.6
6"j
6.5
6.2

úrO
5"6
6.1+

5.2
11.3

y"h
6"6
l+.5
7.8

10.1¿

a5
6
6
6

6
5
5
5
h

3
2
3I
3
o
1
2
7

o

o

7
6
1

5
5
5
1
B

6"
5.
5.
5.
L.

7 "l+6.7
5"7
5"8
6,3

6.9
6.2
5"1¿
l¡, B

5,9

7.1
5.1
5.7
5.9
[.7

6
7
6
7
6

6
h
2
l¿

I

a

o

o

5
7I
6

20

8.3
5"b
6.0
b,l+
l+.5

7.5
7.5
B.g
6"1
7.5

7.1
7"7
5"6
7"5
5.7

oO

a

6.9
7.8

5
6

.0
"h

6
6

?.1
6"7

5
5
5

5
6

5
I
0
o

7"1
7"3
5"9
7.2
6.3

7
2

6.2 5"
6"11 7 "

3
3

l+"5
b.6

6"7
l+,8

4re' 5.7 5"8 6"0 6"! 6,1 6"6 6"2 ó.1¡ 7,6 6.j 5"t 5-3 72.5

! oei. 1928 - Apr. 1929 based on correlation with Frenehman Creek at Culbertson. Rsnainderare recor'ds.
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lable 6. Historical flow of Frerrchuan Creek near Palisade I/
llnit - 10OO Acre-feet

Iear Oct. Nov. Dec. Jan, Feb. trÍar" Apr" ¡Iay June July Aug. Sepü. lotal

L929
1930

1931
]r932
L933
1931+
L935

]:936
L937
1938
L939
l-91+o

l+"3
3.7

9.O
2.5
T"5
5,o
1.6

2"5
o"5
1.0
1"2
o.8

8.2
9.1

12.0
7.0
6"2
g.h
7.8

8"1
6.7

6"7
7-3
9.7
9.2
8.1+

9"7
6.9
7,6
ó.8
7,2

7"6

9.1_
6"9

6.5
7.6
8.?
8"lr
7.0

7"0
7"3

9.1
7 "l+

6"9
10.o
9.6
8.5
8.7

9.2
7.3
6.9
7"5
9.2

8.0
9.9
g"b
9"3
7.2

8"0
8.1¡

l+.6
3"1
\.2
0"8

23.2

7,3
L"2
6"7
1.9
2.5

6"7
11,0
r"6
9.7
3.6

1.h
lr.ó

r.o
3.[
9.7
2.lr
3.h

0.7
0,8
3.3
0"5
L.5

71r,6'
?l+.8

70.6
61.1
66")
62.9
9].',6

60.b
I+6"7
60.3
lró.8
60.1

7L,2
g7"g
6t.g
75.L
6"8

L.lr
5.9

12.1r
7.7

8.2
6.7

9.7
9.6

a.5
'lo

o.2
h.7

r.[
1.1+
0.6
1"f
5.2

I'l+
6.2
0.6
7.6

18.0

.5

.7

.I

.7
o0

l¡"6
7.5
7.7
3"8

f,7.7

8.0
6.9
6.9
6.1
8.0

7.8
5.1
7,6
7,6
l¡.9

t\)þ

9',.5
6,5
L"z
).7
2"3

B

7
7
I
7

h
6
7
5
5

6
A

6
5
5

L
I
2
7
o

5
6
0
5
I

5.
2o
6.
o.
l-.

0"
Oo

1.
0.
1,

19L1
19b2
1eb3
19t¡lr
r.eh5

6.o
h"6
6"3
7.5
6"9

8"7
9.9
6"6

11.3
6.g

B"o
oo
6.o
7.6
ot/9'

o.6
1.3
2.,
1"lr
L.5

L.8
3.O
0.7
5"e
3"o

0"8
1"3
o"L
7-.2
1"9

o"7
o"g

1.8
7.7
0.5
o"8
3"1

5"9
3"9
3.5
2"6
L"2

7.3
7.1
6"9
6.2
l+"8

.8 10.0

.8 7.2

.3 8.1
"6 6"7
,8 7.2

3"7
6.lr
'l,L
1.9
3"5

3
I

.2

.B

.6
3
2

L9I¡6
L9lú

Tota]-
Àvg"

v

6"3
8.7

ó.1
7,9

6
9

â

c

6l
81

.7

.B1"lr
lr.6
9.0

ó"0
7"7a,7

h,h
6"0

6"2
7;2

u.5

3.E 5"7 7 "7 7 "b 7 .5 8"[ 7 "O 6,2 7"1¡ 2.6 1"6 2.6 67 "g
Oct. 1928 - Dec. 193O are records, Renainder are correfetions with Frenchnan Creek at
Culbertsono .
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TabLe 7, H:.storical flow of Frenchrnan Creek at Culbertson. f/
(Ilnit - looo aere-feet)

fear Nov. ' Dec Jan.

11"O
8.9

9.9
10.L

7.8
5.9
5.b
L.l+
2.5

9.7
9.3
9.L
8.2
ó.8

I
o
6
5
I

8.3 8ol go
11.2 1O.2 g"

Mar. Apr. May June July AW. Sept. lotalFeb.

1929
1930

u'31
L932
]t933
LeSb
L935

L936
l:937

ü re38
l;939
Lgho

19,¡1
L9,L2
:r9t¿3
19Ll+
r9l+5

19,l+6
L9b7

6"0
lr"l+

9"1
b")
3-o
7"0
3"r

\.3
1"lr
2"3
2.5
1"9

5.6
8.5
9.3
3.6
5;l+

9"3
e.h

8"3
ro.7

12"1
10.0

.7

.2

.5

.5

.6

85
Blr
B9
85

L22

11"2
8.8

B.ó
8.8
8.1
7.6
6,9

7

"9
n2
.lr
.O

10"8 7.6
9.8 7.1+

2o6
6.3

2"9
2.8
L.5
2"rl
7.2

6.3
l+"9

O19
6.7

T,L
3"8
8.2
L.7
2.2

1.3
L.5
2.3
1.1¡
2.1+

2.0
2.7
1r2
2.5
3"6

2.3
lr "8

g2"a
97.6

92.7
67.6
83.7
67,9
gb.ç

gg"5
115"6
83.6

100,2
go.6

gL.5
108.o

6
I
1
7
2

3
0
1
1
3

B"
9.

11,
10,
9"

10.
9.
ô
g.

r0.

8.8
9.5

11.1
11.7
10.8

r0.1
7.r
9.8
9.8
6.9

9.5
9.2
8.2

12.0
10.1

10.3
8.6
6.1
5"6
lr"o

10.5
lo.1
9"8

rc.6
9.lt

B.o
6.6
8.3
9.9
9.1

1r.1
L2.6
8.7

il+.h
9,1

6"6
',5.3

6"1
1.9

29.8

9.6
2.6
B"B
3.5
b,3

8"8
It.o
3,I

72.3
5.5

2.9
8.2
L"5
9'B

22.9

6.6
9.9

10.0
5.8

22"7

10.3
)2.6
8.0
9"8

11,6

9.0
72"7
12"2
10,9
11.1

II.7
9,7
9.1
9.9

11.6

I
10

10.3
L2.6
10-?
11.8

9.1+

10"3
10"7

1
5
I
3

2.3
L.2

72,TT
l+.2
5.3

1.

3.1+
10,0
L.3
2.O
5,o

6.5
209

6
9
9
7
7

1.ó
2.7
l+"3
2,9
3"a

1"7
7"9
lr.9

11"1
9.L
9.8
9.0
9.1+

12,8
e.5

10.l+
8.8
9 "l+

g.L
'L2"5 9"2

9.7
I
9

0
o

1"7
2.L

9,2
9.5

0 6.0 6.6
B.o r1.l+

5"1+ 7"b 9,6 9"6 9.7 1o.B 9.3 8.3 9.3 l+.,+ 2"9 lr.0 9r.?

I/ Mouth of Frenchna¡r Creek
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trlenchnan Unlt

Frenchnan Creek and the Republioan River. It was not r¡nt1} 191+5 that
the more intensive ground-water inr¡estigations were lnltiabed as part
of the Missor¡¡i Rtrær Basin developnent p1år1'-

A cooperative progran between the Bureau of Reclana+,ion and the
Geologlcat Survey hãs been est¡rbllshed for the otudy of the gîgul.d
water-in the Fflenclman @eek Valleyr This progra¡n will. establlsÌr a

hlsüory of the conditlons whlch u{11 be rned as a basis for obs;ming
grorrnd-rater changes redulting from lnigaùion.

Prlor to June It L95Ot there were 1ó observation wells in the
area between EnderS Reservolr and Culbertsonr NebrasPa, fl.orn whtroh
the Geologlcal Survey has collected gro¡nd-water dêtao There have
been 2? observatlon ryells added to tù¡e observation progran of uhich
22 were jettecl drrrÍng May and Jrrne lplpr ar¡d 5 at'e uscd for ù'rlgation'

The Bureau of Reclamation has requested the Geological Survey to
pr€pare depth to ground<nater and water-table contour maps of the area
betrveen Er¡ders and CuLbertson by August 11 19510

The over-all ground-water conditions during the. period of resord
tndicate that there has been no appreciable ohange in ilre ground-wat'er
leveLo In the Frenclman Creek Valley the depth tc water tabLe in the
reach between Enders Dam and Culbertson range fro¡u 12 to 16 feet beLcm
the sr¡rface of ühe groturd. Itfn the trpland areas water is obtained fron
saturated sands and grarels of the Ogallaia forrnation of Tertiery ago ln
depùhs ranging from ?5 to about l+00 teet, bu'i; on-Ly a fsr of the wells
are morê than 250 f,eet deepo i¡rielIs in the a1luvÍa1 vel.ley Ia.,tds range
ùqu l-0 to h0 feet Ln depth depending on the thÍckness of alIuvÍal
dePosi+,s.rr /

Geologie cross sectlons of Frenchaan Creek Va.lley near tlders and
the Haps-Hitchcock County line are shoÌvn in exhlbits 9 and 10. A
cross section of Stinklng ïIater Creek near lfiauneta ls shonn ln exhibit 11.

Frençhran Creek lies 60 to 1.00 feet below the bordering upLand. The
strea¡¡ has a relatlvely constanù flow as a resul-t of being spring-fed
throughouü nosü of its cor¡tge.

P"¡4pfng flon weIls for lrrigatiån nas been practlced for a nunber
of years, and it is likely that future prlvate developnents of this
tlpe will take place to a li¡nlted extenü¡

Qu*íty gl r¡'ate¡

Anaþses of the nlneral constituents of Frenctunan Creek water
taken from the creek at Enders and Cuiberison har¡e been nade by the
GeologicaL surveyo The analyses which have been made slnce 191¡7 are
listed in tables I and 9" Table I0 Lists analyses of ground waüer
taken frcrn wells at Culbertson, PalÍsade, and l[auneüan

lican RÍver Basín in Nebraska, part fV,
Hitchcock, Hayes, Dundy, and Chase Cornüies, by H..A.o Ulãite, E.C" Reed,
and D.S. Jones, Jr., published by the Uníyersl'.:y of Nebraska,
Conservation and $¡rvey Dívislonr 26,
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Fþencluan Unlt

The sultabllity of raler for lrrigaùion is dependent upon ùoùal
salt concentration, percentage of soditm, boron concentratlonr and
sodiun cerbonate æ bicarbonate concentraüionr Permisslble li-nLts
of tot€"l salt, concentratlon, percentage of sodiu¡t and boron concenF
traülor¡ a¡e descrlbed by L. V. Tfilcoxr AgrononJ.st¡ U. S. Regional
Salinity Rubldor¡x Laboratory, Rfverside, CallfonaL^.!

foüal ealù concenùratíon ar¡d sodLm percentage of the raùer
analyses Lisüed in tables I and 9 a¡e ptotted on charùs¡ exhiblts 12
and 13. These exhlbit,s shor the creek rater aü Enders and 6\rLbertson
is of e¡æellent qualit'y for irrigatlon insofar as total salts and
sodiru percentage are concerned. The boron concentrat,ion of these
waters is Ioç enough for use by all but ühe most sensitive crops;
ùherefore Flenchnen Creek water can be elassified as'excellent qual!.ty
rhen bonon concentration ls considered. Al1 rater samples rere sùrdled
to determfne the sodÍrn carbonate or bicarbonaùe concentration by nelclng
h¡potheùical chenical combinatlons. these htrpothetlcal che¡oicaL eø¡
binations ¡vere nade by drawing bar graphs of chemlcal equivalents
shoring ühe relationship of the carbonates end bicarbonates to the
calciun¡ nagnesiun¡ sodirrn, and potassíunr These bar grapbs fndicatc
that at ti¡ues the F?encÌ¡nan Creek water at Enders and G¡lberteon
carries some concentration of sodiu¡n carbonate or bÍcarbonate.
Although ùhis indicetes a possibílÍüy of damage to soil lf thts rater
ls applied it is considered satisfactory for irrigation in this area
because these waters have been used for lrrigation slnce ar early ae
l89O wiùhout appaeent detrfinentaL effect to the soils.

Ânalysis of ground weter taken fbon wells at Culbertscn., Pallsadsr
a¡rd Wauneüa have been rnada and are tisted in table IOr Exhibiü 1l¡
lndlcates the groünd wer€" 1s saùisfactory for irrigation i.nsofa¡ eg
percentage of eodit¡n and'ûotal salts are conce¡'ned" The largesü anounts
of boron reported in any of the serl¡rles analyzeC i.s "tl prprnlo, whlcb
is not enough to cause damage to the nost sensitlve plants. tL süudy
of the sodiun .carbonate or blcerbonate concenür'atlon inC-ice.tes there
ls no daqagtng concentratior¡ of these sal-ts in the grûis,rì -:o¡al,etr of thle
9re8r Exùenslve use of ground water for irrigatlon in ih._r r¡lif ls not
contemplatedr hcmeverr the anarysès rfsted ln tabre l.rJ in.;ic;te that
ground water could be used Ln unforseen develo¡ments shor¿*C. rrrake lts
use desÍrabLe.

The quality of &rater in the rerls does no+, necessaríi7 indtcate
the quality of ùhe rebu¡n floÍrs. It is not uia-:led',_.o ca;,.1-,r:re reùurn
flows in the r¡rit a¡d lleuse ühern before they elìr.rr the ci;.:r¡a:ir Fon
this reason e detailed study to determine tire ]:c^uurn flor q.:i¡,,lity 1e
not consldered necessary. Retr.¡rn flows frcm thç presently. :brigãted
la¡rd do not naterial.iy deteriorate ühe creek wai:,ei rrhen the;'.reir¡rn
to the strea¡nr There is no noticeable differen:e in the qr'.ali.by ofrater es 1ù passes dcrynstream.

@or_fmlgation Userrt U. S. Departruen+, of Agrlculture
Technica]- Bul-Ietln 962.nÞrplanation and Interpretatlon of Anal¡rses of lrrigation TÍatergrl
USDA Ci¡cular No. 781¡
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EXHIEIT 14 DIAGRAM fOR USE IN INTERPRETING ÏHE ANALYSIS
OF WAÎER SAMPLES TAKEN FROM WELLS IN

THE FRE|ì¡CHMAN CREEK UNIT
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trlencÌ¡nan Unit

All of the con-runities in the Republican Rlver Valley uge water
punped from re1ls for domestic nater supplies and it is not anticipated
thaù any of them wil-L rlsh to use proJect water in the future+ Fo:r
thj.s reason no data is presented to shov the exlent of pollutfu¡n of
surface water i¡ ühis re¡rorfo

The Publie Health Seruice has prepared a detailed report, shovring
the extente types¡ and ruaJor sources of pollution of streams in the
I(ansas River Basi¡o V Ìúi¡imrm streem fLcr,vs necessary beLow reservoirs
for sariitation are listed in ühe Pr¡b11c Hed.th Sen¡1ce Report and are
discussed 1n the sectÍon of this Appendlx titJ.edr rtReleases for PubLic
Hea1th Service.n

yrrpter Rights

The Legislative Act of 1895 is said to be declaratoiy of the
existing Nebraska lar as far as the righü of a pereon to acquire a
vested Ínterest in the use of waùer by appropriation to a beneficial
use is concerned. This was snbodied 1n the State Constitution of
1920 Article XV¡ gections g, 6, and fo The folløwing provisions are
¡nade in ArtÍcle XV, CS L92gt

rrThe necesslùy of water for domestic use and for imigation
purposes in the State of Nebraska is hereby declared to be
a natr:ral ranto

ItThe use of ¡rater of every natural stream rfthin the State of
Nebraska is hereby dedlcated to the people of the Staùe for
beneficta] purpo€es, srrbJect üo the provlsions of the fotlouring
sectlon" I

ItÎhe right to divert unapproprlated waters of every natr¡ra1 strean
for beneficlal use shal1 nsver be denied excepù when such der¡ial
is demanded by the pirblic interest. priorlü¡¡ of apprcpriation
sha1l give the better right as betneen those using water for the
sûne purpose, but when the raters of eny natr¡¡aL strean are not
su.fffcient for the use of a11.on¡ those using the water for
dcrnestic pur?o€es shall have preference over ihose cr.aining itfor any other pu¡?ose, a¡rd those using the water for agrlcürtural
purpose,s shail. have preference over those using the same for
nanufacti¡ring purAoses. provfåad, no inferior ríght to the
use of rater .o.. shall be acquired by a superior righü wíthoutjust cornpensation therefore to the inierlor"üsêrr
trrhe use of waters of the state for pcwer purposes shalr be
$eeme{ a pubLic use and shaLl nevsr Ëe ahänaied, buü nay be
leased or othemise developed by law pescribed"n

@in '¿liater 
pollution rnvestigationrr - Federal

Security Agency, public Health Service, Jrure f9Lg.
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trfenchman tlniù

The supreme corrrt of Nebraska has stated that runnlng water is
pubtfã, ¡ùîs; that the use of such water belongs to the pub3.ic and

is cotrlrãrred by the state in its sovereÍgn capacity a¡rd that a

riparfan propniät,or cannot, appropriate water u:ithout perrnission of
the state. According üo the suprene court the Department of Roarls

a.id lgtgation has large discrelion in granting a right üo malie a¡t

apprãpriãt,ion. It is ãn a¿r¡inistrative body havÍng q¡asi.Judicial
tunctions and, as such, is invested with reasonable discretlon in
the exereise ãf lts suþervisory pûw€rr An appnopriaüion nay be
cancelled by the depart¡nent !f it eppeers upon e hearíng that the
water has nãt been þut to benefÍcial use or has ceased to be r¡sed

for more than 3 yeai.s. Such a cancellation by the departrrent is
subject to agpealo

Eaeh approprÍative righü contalns a fixed date wl¡lch deterrni¡es
the ríght to-divert water when the supply is not' adequate for al1
usersc This priority date is the date upon which the first step
was taken to acquire the rigtrt¡ provlded the appnopriat'or is dllÍgent-
in performilg alf srrbsequent acüs in ccurpleùing construction works and
application of the water to beneficial use" The holder of t'he
earllcst priorlty on a strearn has the first right to use ¡¡hatever
water is flowlng 1n the si:rea¡n and may use the en'bire flow if the
quantíty of water he has appropriated so reQuires. Each príorit'y le
senior to a1l those of lat'er daùe a¡rd junior to all those of earlier
date. Each appropriatlve right tefers, in addition t'o the date of
priority, to a speciflc rate of dlversicnr in cubic feet per second.

Provislons for establÍshing the date of priorit'y and the anount,
of wai¡er that may be appropria*r,ed are stated ín chapter 81, article
ó3L1 of the Nebraska lrrigation and water Pomer l¡awso It is provided
that nEach appro'priation shall be deternined in its priorfüy and
amoufit, by the tj¡ne at, which it shall have been made, and the amount
of r,¡ater wlrlch the works a¡e construcùed to carryr ân appropartator
shaLl at no time be entitled to the use of nore than he can bene-
flcially use for the prrrpoÉe for which the appropríatlon rnay have
been nade....úNo aLlot¡nent fro¡n tbe natural flow of streams for
irrigation sha!.l exceed one cubj-c fooü per second of ti¡oe for eaeh
serænüy acres of landr nor three acre-feet ln the aggregate duríng
one carendar year for each acre of land for nhich such ápproprlaüion
shaIl have been nade....oProvidedr that these rfinitations-do-not
apply to etorage waters and provlded, frrther, that where storage
water is belng used in addition to the natrrral f].orrr, that the wãter
superÍntendent ShaLl, upon his request and n'ithi¡ twenùy-for:r hours
thereof, be notifled in n¡riting by the user of such storage waters of
the tüue of nithdrawal from naturaL streens, to be dtstributed accordlng
to lar. tr

A li¡nitation of ühe use of stored nat,er is set forth in chapter l+ó¡artlcle 6U of the state of Nebraska rrrlgation and lfatar pcmer i*r,'yFth stales in pI* that ttNo epprop¡iatiõn of stored water for imiia-tion shall exceed three acre-feet ¿uring any cal.end¿¡r yearcrr
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Frenchnan Unit

Astive lmter ri.gþts

Above t¡ders Reservolr, in Nebraska¡ ühere are 17 provLslonal
grants which have been nade by the Deparinenü of Rog{s and Ïrrígation
ior use of waüer frcm Frenchman treek. 0ut' of the U provisionaL
grants, 3 are for power purlo€esr All of thess righ'bs, with the
exception of one, have been i¡ use prlor to the period of stu{y and
therefore thelr use of trater is al-ready reflected in strem-flor'¡
rêGof,dsç' A eunmary of, ühese acüi'¡e grants above Enders Da¡n and the
erea aotuel]y irrigated as dete¡nined by a fleld lnspeotion are llsired
in tabLe 11o The acreage llsted rurder the provlsÍona1 grant ls an
estiÍ¡ated figure deternùned by estÍmating the acreage to be 7O acres
per second-foot of watef granüed in the water right.

BeLor Er¡ders Resert'oir and above Culbertson, Nebraska, there are
20 active provleional grants of whlch lL wlll be included in the pro-
ject area and w1II recelve supplenental water fban Enders Reservoir.
The -other 6 acüive granÈs are not included i¡ ùhe proJect ålrêåo A
taþrilation of these-rights that are included in the proJect area and
those not l¡cLuded in ühe proJect area are shown in tabLes 12 and 13.

Six provisional grants, totaling 355 seoon¿-feet or¡vned by l+ ponrer
plants rere reoently purchased by the Bureau of, Reclamationo A taÞu-
Iaüion of these granüã and the date of pu:rchase are shcrwn ir¡ table 1l¡

InactÍve water right.s

fnactive provisional grants abor¡e and bel<¡w lbders Beservoi¡
whlch may not be ¡:eestab11shed as a result of the water laws of the
State of l{ebraska are shown j¡ üablee ll and 1ó.

Ground-rvater l-aws

No lms are on the State of Nebraskars statute books that regu-
late the use of gfound Water. A Law relatiw to artesia¡l water pro-
vides that only the quarttity of rater that wilL flow tbrough a pÍpe
one-half ineh ln dianeùer nay be allovred to run to waete r¡nless tt
is first put to beneflcilal use,

Nebraska lsws defilring land that nay be jncLuded in a dfstriet
provide that¡ trThe persør¡ firm, corporation¡ or nrxricipal co::poratlor¡
whose land, rr1ühln åny proposed district, is prr>vided with water by
purplng eitihen fbon wellr lake, or streara, shall not be included therein
except upon wrlüten appllcation of ühe ormer or owners of, such land;
Provided that 11000 gallons per rainute of waten sharl e:recupt 160 acree
er¡d lesser or greater amounts of water shall exerryt i¡¡ proportion.l

fü is interesting to note that rurder tþis law a person onnfng
1ó0 acree ar¡d a punp prodrætng I'OO0 gal.J-onb per mfnute could not
be included in ühe dlstrlct unless he so petttioned,

19
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lable ll.-Actùve ProvisåonaL Gra¡rts fr:nr tr?enei:¡¡a¡¡ Creek :¿L'o',? Brtiers Dal,r S13c. ì-¡'

XX)c. otr
App1is, No.

Date of
hioritr

Headgate

STR c.F.'.s.

Area
lcbu:rlly
Irr:,.gai.ed

/reres

Lzb !

r680

L7?

3lr?-
lo

256É.

o11

Carrier

Chauplon Ullls
Âberdeen Canal
Charyton CånaI
Åberdeen Cenal
Chaqlion Supply CånaI
Kllpatrick Rec. Carial
Âberdeen Ca¡¡aI
llaranvllLe Canel
Imsn Cenaf
Irma¡r Ganal
Innen Reservoir
Shallenberger Canal
Cha@.on Creaner¡r
Ârtsburn Reservoir
Iryêrial Porer Pla¡¡t
take lryer{.al
Hoffneùcter Punp
l[rite Usrsfork &

Resernoùr
Has f"rrigated severaL years

Power
Irrigati-on
Irrigation
Irrigation
Inigation
Supply
Irrigation
Irrigation
Irrlgation
Irrigation
Irrigation
Irrigation
Power
Resort
Po¡ver
Storage
Irrigation

no watær nights

Use Âcres

o

IÞ1?9
DSOa
D-17
D-50b
A-Lr08
A-u60
a.-rtl7
D-70
D-79
A-lú6
A-rrlÉ
A-h23
tL-59L
a-Ll¡2
A-11?l¡
A-I¡+87
2575

28,30
2"00

2L_æ
o'50

1000 A.F.
D-l¡Z
L,t7
6.oo
L "506.i3

2r0oo a.F.
L.77

3l+"ho
1180o A,F.

55.æ
960 A.F.

t2/3L/87
T /r/88

w/zi/90
2/z/st
6/zzln
6/zz/tt
7 lzelL\

L2/8/eb
2/28/et
zho/98

tzl 8/tt
L2/2r/97
r2/2L/æ
Lr/28/Lt
2/7lu
5ltVv
3/t3/36

6
5
6
5
6
6
5
6
6
6
6
6
6
6
6
6
6

2L
3

23
3

23
30
3

12
T7
L7
t7
25
21
1]-
2t
25
30

r[o
1680
t:

Ito
IraO
105
lÉo

12l¡

:

39
38
!o
38
l¡o
39
38
l¡1
l¡O

Lo
ho
39
39
hl-
39
39
38

it
102
t6

a/
v

Tortl, 30ób 161.L7

Total rnrmber of acres imigated under åþerdeen Ca¡aLs.
Data ereept acreages publlshed 1n Nebraska Ð¡¡eau of Roads and ûrrigation Bier¡r¡lal Re¡nrts'
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lable 12. Active Pr.ovisionel Gra¡rts below Enders l:ecluded. ín Project. 1/

Location of
Headgate

Provislonal Grant

Ca::ri-er

Culbertson Canal

Farmers Car¡al

Rlverside Canal

Gri¡n hmps
H

Krausnick Punp

lïise Puup

FoLlett-Witt Punp

Severns prmp

011ver hmp

Engal1-Si-ns Þnp

Gnrver Pump

Handel Purnp

Melain Cara.l a/

Doc" or
App1ic" No"

Date of
Frioribr

5/t6/gq

a2/ú/e3

7/28/eh

7/3/27

5/2v35

3/2/37

8lr:o/n

ar/æh'r

e/LL/26

3/r5ß8

l+/z/38

zlgltg

2/27/3e

)laLfil,o

elzbleb

STRUse Acreg c.F.S.

Area
.&ctually

Irrigated
Acres

g,l$o

zTL

LT3

63

90

û1

88

180

D-29-30

D-10

Þ18

A-167h

A-?íltz

A-2705

A-2722

A-28o5

A-185ó

A-28h7

A-2858

A-2908

A-2910

A-3112

Ð.-65

31

11

33

33

$
3

22

35

?

I
16

17

33

32

32

32

35

37

35

3lr

33

33

35

35

33

33

37

5

'
l+

h

5

5

5

5

l+

l+

5

5

frrigation
ü

n

n

ll

il

ll

ll

n

ll

n

ll.

ll

ll

ll

r5,o50

?00

8l+o

2r3

83

39

97

32

th].

6[

25

86

72

e5

l-75

215,00

10,00

12"O0

2.90

1.19

ø.#

1.38

o.b6

2.01

0.91

o"35

L.23

l.03

L.35

2.þ

IH

:d rtoÞÞc+o-Þ
úr

oIrX5(¡o-o'rd
HsfÞtÞtÞ
P.Oorry0ro<|s
P. gq
ooito
t! ld
P.ÉoitËrHit P.
P- (tÞifPO

0'
ù ¡¡.rd5
o).t áéo
E0ctolf

st
rÃ
Þf
It
tr
É
F3

o
Þ
Ê
oiå

5tz

5z

2L

102

I+z

5lr
8l¿

28 7
I?r?tZ 252.87 11r1L5

I/ Mãgg+* Canal j-s loeated on stinking ïfater Creek
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lable IJ. /rctive Provisional Grants Belorv Ðrders Dan Site not Included in project. 1rl

Locatlon ol Provisio*a1 Grant.
Headeate

S?R Use Àcres .P.S.

Area
ActualJy

Ir¡As¿rùÊê
Acree

7L2

r¡v

Carrier

Follettdrotter Punp

Fo].lett-I(r.otter
Extension

Krotter Ca¡¡aI

Oliver Canal .

Ðoc. or
Ann].ic- No-

L-705

A-720

a-.975

a-229b

A-1Ol¡7

A-1285

Ðate of
kioritv

v30/o3

8fi)"/o3

t/L5þo

t/6/tt

35

35

35

33

35

7

5 3L lrrigatlon

fnrigation

Irrigati.on

b.2g)

2.57r--
5.?o¡

2.98)

2./J2

3.20

il

$

¡t

5

5

5

5

5

3b

3l¿

3h

3l+

35

138

ïr9

300

180

399

209

t69

22L

L2/\5fto

\/28/t3

TO:rAL

!/ Data excePt acleages publ-ished iJr Nebraska Bureau of Roads and, Irrigation Biennial Reportsr
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leble il¡. trater Bights Pr¡rchased by Bureau of Reelamation. 1/

Locaüion o
Headeate

Doc' or IÞte of
Ca¡r teê/ Apl¡Iic.Ng. F.orlty S f R Use

f Pmv:¡-',c'ntrl Grent
i+ie of
R¡r.chase

Alve,s (1 ,r,- o

7r"tr, 6/29/w

35,00)

T5'oo)

95.æ¡

65,00)

50.oo

3/2eA$

n/tb/ba

6l¡:ol$

t-
1¡,

Gmsbach'[llìiar¡s
Porer Plant

llteuneta Pornr Pla¡¡t

Krotter Power P1ant

Oliver Poær P1ant

7/2?/33 5 5'37 PowerA-2338

Þu8

å-u3ó

A-I021

A-1339

A-1281r

?l3Llffi

LL/L6nJ-

thT/ß
t2/2h3

b/28ft3

u5
11 5

355
55
75

Porer

Poner

Power

PovYer

Power

v
36

3¡r

3l¡

35

mTAL 355.æ

y' 'Orosbacl¡-tilliems 
Foüer Plant located, above hdsrs Reseroir. AII otÌ¡ers are belor Ender"s.

!/ Data except acrreagës pubì.ished l¡ Neb¡aska &¡reau of noads and frrigetion Biennial Reporüs.
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Table 15" Inactive Provisional Grants above Enders Dan Site whlch nay no't be R¡.establtehed"Jrl

l?cation of Headgatg Povisional Grant

Carrier

Lamar RoILi-ng Mills

Harlan tanal

Gou].d Canal

North Side Car¡a1

Hoke Canal
þ

Krotter Inperial

IFotter frnperial Power
PIant

Ilarlar¡ Car¡a}

Doc. or
App1icnNo.

D-].CI13

D-56

ú7
A-21¡ó

A-109h

A-19?9

A-1980

A-233].

Date of
Þiority Use

Power

fmlgation

Irrigation

frigation

Irrigatfon

IrrigatÍon

PorYer

Irigaticn

Acres CrF.S¡

30.o0

2.O0

2.00

Q.79

I¿29

7000 À.F.

55.@

L.26

92.3b

tzlto/8z 18

ilLlsB 1

Lo/eleb 1

z/25/e6 zr

5/\hL 2L

zhola8 3

z/r:o/zB

7/nh3

3

s R

bo

38

3B

39

39

3B

37

I
6

5

5

6

6

5

üo
1b0

55

90

8B

538
632

Î0IAL S]tl

L/ Data arcept acreages published in Nebraska Br¡reau of Roads and Irrigation Biennlal Reportsr
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Table 1$o*lnaetive Provisj-onal Gra¡¡ts belqw Enders Dan site ¡vhiclr na¡r not be Re-
established. ./

È\rt

Carrier

Fuller Ca¡ral

Frenchma¡r Valley Cana1

North Guernsey Gsral

South Guernsey Canal

Hageralan Car¡al

Doc. or
Appllc" No,

ú2
D-38

D-71¡

D-75

^-935

Date of
Fiority

6/vz/g\ l+

B/23/91+ 3r

ttaL/gs 3

L/Lb/eS ro

3/LL/a9 L9

headgate

ST R Use

36

i3

37

3T

3L

Acres

Irrigat'iou 167O

,r 378

u91
tt 1580

'r 60

5

5

t
5

5

C"F.So

23.86

5.1+o

l"3O

22.57

.86

Total 3sTTg Si"9g

g/ Data except acreages published in Nebraska Bur€au of Boads and lrrigation Bierurial Reports,
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Antiofoated t[ater Uac of Futrre Fívate Developuent---:
It ts antlclpated that lri tt¡e futr¡re there rllt be other deple-

tlona üo the rAter Bupply avafleble to the Í?enclman $nit besldes
thoee ths-þ rtf: be ceused by the developnent of the lrrlgable lar¡ds.
these other futr¡re depletlone to the water Eupp1y conßldered ln tåle
study rrtll be rater used by prlvate lrrlgation detreloçnent, raier
used by derelopent of ponãs, and rater used for ngnicipal and_

lndustiÍel requlrenente, Table 21, ts a tabr¡lation of the total-
depl,etlono fron.poasible futr¡re prlvate development of igigatJ.on
anä porda on Frenclme¡¡ Creek above Enders Da¡n. leble 22 shcms the
totaL depletions beJ.or Endera Dan¡

lTater use for ÞrÍvate trrlgation der¡elopmer¡t

Future ereas rhlch could be privately i:rigated a¡e approximate
values detemined by use of mape in the Btreau of Âgrlcultur¿l EconoEl.cs
publicatlon¡ ,Iune 19ùL, ntater Facíllties Aree Plar¡ fo¡ the Upper
Republican Basln i¡ Nebraska, Kansas, and Coloradocr AþoYq Enders
it ls esti¡nated that prlvaüe-lrrlgatora could trrigate 11850 asreg l¡
Colorado and 3'OOO acres in Nebraska ln addltlon to that nor being
lrrigated. Belory Elrders Reservoir a¡¡d above Cr¡lbertson Dlversf.on Da¡
it 1É estl¡nated that prlvate operators cor¡ld lrrlgate J,JSO ecr€Bt
nore than at present, of wlr.tch 500 acres lie along F?encl¡nan Creek and
Lr25O acres lfe ln the valley of Sttnking lÍaùer Creeko

[ater that' could be used Uþ t'ne develo¡nent of the l¡r850 acleg
above Êrders and by develo'pnentl of the Lr75O acres below Endere ls
cøuputed by nultipl¡¡ing tho total acreag€ by the consumptlve use
reg'.d.renenüs of irrfgatfon rrate¡ as cmputed for the Frencl¡uan pnoJect
areer table 3L. Theee deplettofis are shorr¡ ln tables 1/ and 18o

I

Sone of thls poselble futr¡re developrent could conceivably ùtain
rater by pwnptrrg dlrect flan the strestri horever lt ls likely that nost
of this developnent will obtain its water by prmpíng flon rells. This
developuent, frcm ¡yelIs rvould depleùe the total an¡¡ual flcm from the
area and nould not deplete the flor of tÌ¡e streân in the imlgatlon
seaaon as greatl.y as lf water were talcen direct frm tt¡e strea!û¡ In
this study lt ras assuned that the pulçing wae direct f,rm ühe stree
because thÍs conditior¡ would lnpose the nost severe demand upon the
streæ flow durlng the irrigatLon sêElootìr

Paet ar¡d present uses of rater abone E¡ders Reservofr and in the
reaah of Fre¡clman &eek betreen Enders and Pallsede, Nebraska, áre
already reflected in the historlcåI eùrean-flon racords. For thie
reåson the presently lrrigated lar¡ds were not coneLdered nhen estÍnating
the future depletlons that will be inouned in the deræX,opuenü of this
8l€8o

l?enclrnar¡ Unlt

l¡6
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Table L?. IÞpletions for fi¡t¡¡æ private ilelgatlon developnent of h85o acres above &rders Aesët"çäffrÏñ"*
Nebraska and Colonado qrl

l00O acre'-feet

Lg29
1930

191¡6
191¡7

0.ó
0

0
0.2
o.ó
0.9
0.1¡

0.8
1.O
0.3
0.7
O.lr

1.3
o

0.ó
0.3

1.6
o.8

1.9
1.3
r.3
2.0
r.8

1.ó
1.ó
1.0
2.L
1.5

0.8
1.8
1.?
0.ó
1.3

1.0
0.3

2,0

1.ó
1¡h
1.1
1.5
0.?

1,lr
L.g

0"1
0

o.5
0"5

0
0

g.r-_

5.b
¿.9

l¡¡9
5.5
5.2
7.6
h.ó

7.6
ó.8
L.9
7.8
6.7

2.5
3"6
7.6
h.o
l+.r

b.5
3.2

1931
L932
1933
193b
L935

]:936
L937
1938
1939
191¡0

19h1
L9b2
19h3
L9l¡lr
]:ehS

0
0.L
0.ó
1.h
0

0.1
L.o
0
o.g
o.5

1.3
0.1
0.8
O.l¡
l.?

0.1
o.5

o.2

1.3

1.0
1.9
0.5
1.ó
1.1¡

0.3
0'3
1.3
0.3
0

1.2
L3
0.2
0.8
o.5

o.5
0.lr
0.7
0.ó
o.5

Or7
0.3
0.7
o.7
O.-5

0.5
0.5
0,6

0
0.3

r*e

0
0"1+

5
3
5

6
7

0
o
1.
I,
0.

0.
Or

1.0
1.3
1.0
1.3
0.9

2.r
r.5
1.1
L.7
1.?

È

0
0
1.0

o"l
0
1.1
0
o.2

0
0
0.7
0
0.3

0
0
0

A o.L 0"3 ô^h É^2.

2/ Based qPon consrryti-ve use requirenentr of irrriàüt*"åto'ror the Frer¡clnan lhit.
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Table 18-Depletions for futu¡e private irrigation development of 1J50 acres above palisade Ðiver5ls¡ Dan- ar¡d belory Enders Resenroir
1. acre-feet

a

193r
1:932
l-.933
1931+

L935

t936
t937
19JB
L939
19i10

191+1

tglÊ
r9b3
19ld¡
r9b5

o.2
r1

.1
,I
.5
.1

0

.I

0
.2
,2
.2
.2

l929
1930

0.

0
.I
o2
.3
.I

0

0.1
o

2.0
1.0

L?
2"0

2
2

2
?

o.g
1"J
2"7
1"5
1.5

L,6
I.?

0.6
.2

2
0

0
0

0
0

.2
¡I
,2
.2
.2

,2
.l
.3
.3

23

"2
.2

"h.5
.1
.3
.2

.l¡

.¡¿

.3
,5
,3

.5
"5
n2

.7

.5
"b
."1
n6

.6

.5

.b

.6

.5

,3
.6
a

0 o

0
o

.7
,5

.3

.7

.2

.6

.5

a'l
.5
.h
.6
6a

.6
,5
.b
,6
.3

5
7

r.g
207
106

.2

.5
o

a

c

1.
û

Ò

5
1
3
t
b

a 7
b
I
7
b

l¿

I
3
2

6
2
¡¡

.3 0

o
I

.1

.h .lr
.1

3

o1

o
0

0

0

b

.2

l+

0
o

3a

o
o

o

.3

n1

0
0

o

19h6
r9lfi

2

3
o

i

a

a ,1

Average o.2 o.1 0.2 o"5 0. o.3E 0"1 r"g

Z/ fncludes l25O acres on Stinking ìfater Creek
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Ibenchnan Unit

i¡Yater use for develosnent of ponds

---
Pond development Êbôve and belcnv Enders Reservoi-r ís esti¡nated Lo

be very snoll, Depleüions were made for an average anr¡ual total. of
200 acre-feet above Iltders and 300 acre-f,eet below Er¡ders. Theee
depletions and their esüimated nonthLy distjríbution are shonn in
tables 19 ar¡d 20.

l¡Vater uge for nunicipal er¡d indr¡strial ruigere"ü"
No alloïvsnce was nade for future mlricípal- and induetrial use

above or belcru Enders Darn. At the present ti:ne, all colununíties in
the u¡¡iü obtaln their rater supply fron weilso

. Proiect lïater $gp-l¿

The principle water supply thaü rillbe used i¡ developing the
F?en:hnan Unit wiIL be rater stored in linders Reservoir" Strean-flow
acsretions on lïer¡clraar¡ Creek between the reeervoir and Grrlbertson
Diversion Ðarn a¡e considered to be available for dírærsion at Cr¡ûertson
Dir-ersion Dam. Reùurn flo,v from lærds irrigated in the unit will not
be avaílabl.e fon reuse¡ the retu¡n flow has been dete¡rnined to shor
ùhe water that will be available below the FrencÌ¡nan Unlt. Depletions
in the wate:: supply due to future private developroent, tables 2L arÅ 22,
were used 1n deterninlng the water avallable for future irrigation
develo¡nente

Reservoir lnfloYr

The watern supply avallable for storage is the historical" runoff
at the darû site depleted for possible futr.¡re private derre).opnent above
the dam. the depleted inflow at Enders Reservoir, üab1e 2J, is the
historical f[on, table l¡, less the dep]eüions from possJ-ble future
p::lvate developent for irrigatlon and ponds, table 21o thfs water
supply study is based upon an inlgation storage capaciüy for Ertders
Reservoi¡ of 2tr000 acre-feet, ùhe irrlgation oborage capacity at the
end of 50 æa¡s of operation.

Strea¡n-flow sectionâl accreüions

fn addltion to the waùer stored ín Enders Reservolr, thê galn in
fllow beùseen Endere and G\rlbertson Diversíon Dam, less the depÍetions
for private developnenü¡ i-s avaiLable for project use" To deternine
thi-s g+n in flor¡ tl¡e hi-süoric diversions inüo Culbertson Cana1,
tabre 2lr¡ nere added üo the historÍcal river flow at pallsad€, täute ó,
to pro'duce, table 21, +,ne esüinated historicaL flcniv of Frenchr¡an Creek-at 6l¡-l.bertson Diversion Ðan" The historicel nnoff at Enders¡ ùabre
l+, was then subtracted from ühe esti¡rated flcm at Culbertson biversion
Da¡n to obtain the galn in florv rn Frencl¡nan 6beek, tabLe 2ó, in ühis
section. Thig gain in ühe florv includes the watei fro¡n Stintíng Íyater
@eek. The gain i¡ thÍs reach was then depleted for possibLe f'uür¡re
prlvaüe develo¡xnent, tabLe 22, and is presènted Ín tabl_e 2?o Thls

IÛ
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Table l9-Ðepletlons for future private deveilo¡ment of ponds above Endêrs Reeer¡roir i.n Nebraska on
Fr:ench¡ran Creelc"

1rO0O acre-feet,
_ uay . _ _4¡ng TqtqlIêAT æ

L9?9
1930

o.1 o.e
o2

o.1

.t_

.1

.1

.J

.1

.1

.1

.1

.1

.1

.1

r1
.1

.1

.1

1931
t932
t933
1r3h
ltg35

L936
l.93V
1938
L939
19ho

1
I
I
1
1

1
t
I
I
l_

1
t
I
I
I

p

,2
t2
.2
.2
tas

.2

.2
,2
t1,
.2

.2
2
2
2
2

2
¿

ts
I
1
1
I
I

191+1

a

.l
L9b2

191¿6

19L7

lotal
Average

a

19L3
19I¿h
r.9l¿5 a

a

I

a

0.1 o- 1 0"2
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Table 2o-Depletions for future private developraent of ponds belon Enders Rese::noir on Frenctmar¡ Creek.

OOO ac¡re-feet
1otal.

L9?9
1930

o. o o.1
.l

.l

.1

.I

.l

.1

I
I

.l

.1

.I

.1

.1

.l

.l

.l

.1

.1

.I

.l

o"I
I
I
I
1
L
I

3
5

r931
L932
L933
1931+

L935

L936
L937
r938
L939
r9l¡o

rghr
L9b2
19h3
tgld¡
Lg'bí

.1

.I

.I

.l

.1
a

,13

.3

.3
,3
.3

3
3
3
3
3

.1

.l

.1

.l

.1

t
I
I
l-
I

.l

.I

.I

.1
"1

.I

.T

.Ì

.1

.1

fl
\nF

a

a

a

3
3

I
I

a

a

a

.3

.3
,)
.3
,3

Ir9b6
Lg'Lfi

.I

.1

o ao.lI 0.1 o
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lable 2l-, Tota1 depletions. for future private developnent for Írigati-on and ponds abor¡e Enders Ds ú
ünit - 1OOO acre-feet

ar

L929
r930

0.ó
o

0.8
1.0
0.3
oo7
o,h

L")
o

o"h

0"1
o.

o"1
4"2
O"?
L.5
o,1

0.2
1"1
0"1
r.0
o.ó

a.2
o.1
L"2
o.1
0"3

o.].
O"1

C"l+

0.1
o

5,6
3"1

7.8
7.o
5.1
B,o

2.7
3"8
?.8
\o2
h*3

5"lt

t

6
I

1o
o.

O.?
o.l+

o.h
o.h
1.h
0"h
0"1

I

1.lr
a.2
o.g
o"5
1"3

0.1
o.1
1.1
Arz
0.6

o.3
o.1

o.ó

L,9
1.3
1"3
2.o
1"8

1.ó
L.6
r"o
2.1
I"5

o.8
1"8
1.?
0.6
L"3

100
o.3

2-o
r.3

1.O
1.9
o.5
1.ó
1.b

2,L
L5
1.1
1.7
1r?

1"6
1"h
1"1
1"5
0"?

1"h
1"9

1.2
1.3
o.2
o.8
a.5

100

o
o
L.5
1"3
a"5

o,6
O"7

0.8

a"5
0.5

1931
L932
t933
1931r
L935

o
0.2
0,ó
0"9
O"lr

,'l

o
o
0
o
O.3

1911
L9lr2
19h3
19ld+
L9l$

5.tr
5.7
5.h
7.8
l¡"9

o.5
o.b
4.7
0.ó
o,5

\n
f\)

L936
1937
1938
L939
19Lo

ll9h6
19b7

To'La].
Average

O.?
0.3
Qo7
a.7
u5

0
0.h
o-5
a.5
0,6

0'
0.3

o.h

1.3
1.O
1"3
a.9 6"9

\.7
3.1¡

1"1¿ ]..h

9/ {nc}udes depletions for developing 1850 acres i¡ Colorado; IOOO acres for irrig. and ZoO ac-fù
depletion for ponds above Endens Dam site and berow coro-lfebr. state Iine.
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Table ?2--Depletions fron possible future private develo¡xrent of irrigation and ponds bet¡¡een Enders Da¡o

and Palisade. Zl
(1rO0O acre-feeit)

Tear 
---i-an" _I9b" tu" åPr, IÉey. -¿g¡te July Aug, SgPÈ. Oct" {o%:--

lg2g o 0 0 0"2 0.1 0"3 0.7 0.? a.2 0.1 0 o 2"3
19300000.1.2.3.ç.20001.3
1931
t9j2
1933
1931r
L935

l-936
s L937

1938
L939
19ho

19b1
19h2
L9\3
19ùlr
l.9l$

19b6
L9l+7

0
o
o
o
o

0
o
o
o
o

0
o
0
o
o

o
o

0
0
o
0
o

0
o
o
o
0

o
o
0
o
0

o
o

o
0
0
0
o

0
0
0
0
o

o
o
o
0
o

o
0

o I
1
3
6
1

1
5
]-
L
3

1
I
5
1
2

1
t_

.¿

.2

.6

.2

.1

.6

.2

.l+

.2

.5

I
6
6
I
7

3
7
2
6
5

7
c
l¡
6
6

6
t
L
6
3

5
7

I
5

1o
L

0
o
o
o
o

o
o
o
o
0

0
o
0
o
o

0
o

0
0
0
0
o

o
o
o
o
o

o
o
0
o
o

0
0

o

.h
,5
.f.
.3
.2

5

.lr

.h
n3
.5
.3

.5

.2

"3

.2

.1

.2

.2
,2

.2
"I
.3
.3
.2

2.0
2"3
2.2
3.0
1.9

3"O
2"7
2ol-.

3uO
2"7

1.2
1,6
3.O
1o8
1"8

I
2
3
1

a

a

ç

a

I

ô

a

a

a

o

a

a

a

a

a

.3

.l+

.1

.3

.2

0
o

"3
o

.1

.h
o

7
6
5
7
6

Ir
7
T
3
5

5
.2.1

I
1
l+

1
3

2
2
2
2

a

o
0

t

a

a

.2 20a

.1

A1e_¡age -Q
o 0

9l Incl-uctes depletioãs ieqr.rired for pãvãtã-ãévelopne-nt-1-f]F acrcs ãnã--¡¡O-ãcre-f@s
due to ponds.

0.1 0"2 0.3 0.6 a"' 0.3 aoz 202o0
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lable 23. Depleted i¡flor¡¡ into trders Reservot, "/
Lhit - 10O0 asre-feet

t929
1930

1931
1932
1933
1931¡
t935

lÀ936

\¡r rg37E- 1938
1939
191¡o

19l+1
l.:91l.2

19h3
19fL
]tebS

t91$
L9Lfi

5.1
lr.I

5.6
lr"5
l¿.9
5"o
l+.3

5"1¡
L.9

lr.8
l+"8

5.6
L"7
\"5
L.2
l+.9

lr"8
3.,1¡
h.6
l¡"1
l+.1

5.6
5"8
,l+.3
5.7
b.g

5.3
5.2

5.1+
5.9
3.6
5.8
b.6

h.T
b.7

2.6
3"9

?,3
3.1+
3.1
2.1
2.6

2"3
3.1
l+.3
2"I
3"7

l+"6
2"7
3.0
h"L
3.1+

3.8
5,1

2.L
3"2

l+.9
3oL
lr.8
2.8
?.8

2.1
2.8
3.0
215
3.1

2.8
3.0
3,5
3.1
3"8

h.o
316

3.1
3.0
5.5
3.9
lr.o

3.5
2"9
h.O
2.8
3.7

lr.ó
\.9

3.6
l+.1
3.6
3"6
h,2

5"3
5.1
l+.1
h.l¿
lr"9

ll.T
h.lr

b.5
h.5
h.6
l.t.3
lr.6

b.g
5,6
h,g
5.1
l+. B

l¡.h
5.3

l+.9
lr. B
5.5
5.3
5.3

5,1
5.7
h.9
5.L
5.o

2
I5

ir
9I52"

53.

h.
lr.
L"
3.
7-

5.6
5.lr
5.3
6.3
5.5

5"lr
5.8
5.2
5.2
l+.8

5.5
5.U
5.8
5.6
5"3

5.8
5.ìt
\,e
\.9
5.2

5.o
5,9
5.1
5.6
5"o

5.1
5"11
5.2
5.3
5.t

2

T
l¡
3
2

I+.
b.
l¡'
l+'
l+.

9
6
6
I
I

l¡.3
5.0
2.8
5,6
7.1¡

l¡,7
5"1
5"2
5.5
5.2

55.b
55,o
56.7
53"9
59"8

5?.o
hg,B
53.3
lró.1
58"2

56.9
h3.3

5.5
5.I
l+.7
h"l¡
5.o

59',lt
62.6
52.It
57.5
56"6

B

I
5
I
3

l+.
l+"
h.
l+.
5o

lr.l¡
6.1
2.8
2.8
h.lr

3.lt
5"6
5.3
l+.8

11.1+

5.8
5.8
5.5
\.g
5.3

ó.1
3.6
\.9
3r2
3.6

l+
6
5
3
b

ó
6

5,
5"
5.
5"
5.

2.7
2"6

3,9
5.7

l+.9
5.L

5.o
5.j

a5
5

,.lt
5.o

3.5
b.g

5.r
l¿"O

5"6 5.9 5.5

T
Average !.2 5.t 9"3 b"? L"8 5"b J.3 3 "1 3^9 ,h-,b l+'9 Ç.o 55-r

3/ Ilistoric fLot¡i near Erders less depletrons for futr¡¡e private development of irrigation and pcnds above
Enders Da¡r Site.
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lable 2l¡. - -¡listorical ùiverslone frql Frenclrna¡¡ Creek into Culbertson Car-"-j- g/
1 000 acrre-feet

]-929
19lO

l¡.6
h.9

lr.6
1.6
lr.7
l¿.7
h.?

3.lr
2.O
1.3
\.?
l¡.0

3.2
L.g

L.5 3"It
3"5

5.1
2.8
6.0
3.3
o.6

2.8
L.5
3.3
2.7
2.0

5"b
6.6

l+",
2,9

lr.6
5.5
1..3
3.b
lr. l-

\.g
h.E
3.6

b.o
3.8

26"5
?7 o3

23.6
31.b
33.o
31.?
30.1¡

30.l
31"0
28.1
32"3
?1, ?

22"1
1l¡.6
26.9
2L"g
2\"9

2L.l
19"2

5"
5,9

0.9
o

0
o

0
o
0
o
0

0
0

0
0
o
0
0

0
0
0
0
0

0
0
0
0
o

0
0

o
0

o
o
0
o
0

o
0
o
o
0

0
0
0
0
0

o
o

0
0

0
0
0
o
0

o
o
0
0
0

0
0
0
0
o

0
0

I

o
o
o
0
o.

o
0
0
o
0

0
o

o
0

I
5

193t
1932
]..933
193l¡
rt935

rgfi
t937

ü 1938
L939
19L0

Lghr
19Lz
r9h3
l-91¡,1¡

rebí

5.
6.
5.
5.
lr.

0
1,6
2.3
o

0
5
o
9
3

a

a

a

a

2
Ir
"r

3
5

I
9
1
I
B

3.
2.
3.
l+.

3.

3.7
3.7
5.7
3.5
3.8

2
o
5
o
h

o
o
2.9
ù.b
\.5
o.B
l_.o
2.5
3.3
L.5

1.6
o.1
o
o.B
1.7

I

2.h

3.

2..r
l+.L
3.1¡
6.1,
3.1+

3.1+
5.2
3"b
5.1
u"5

3.6
3.1

h,6
6"6
l¡"L
5.3
5.3

2
o
7
3I

E2.9
1.8
l_.1
0
0.3

a.g
0

0
0
0.
0
o.

5
5
U

9
l¡

I+.5
5.3
lr.ó
1.8
6"o

3
2

5.1-
5.b
9.r
5.5
5,5

b,7
5.2
t.7

lr.8
b,g

3"¡+
1.6
5.2
h.lr5.b

l¡.6

b,g
5.5

2
ot

3.5
2.9

0
o

7

2 .2l+

r9l¡6
r_9b?

l¡.0 1.6 o o o 0 O. 3.2 b.l
salte u8e per acre e3

o
aæ

KS002275



Table 25.- Æsti:¡ated historical flow of French¡aan Creek at Culbertson Diversion Dam 
-¿/

(unit - 11000 acre-feet)
o

l3.3 8o
7.7 9.

a ¿II3.,

l:929
1930

B

B

aIÒ 9
6

2
l
0
0
2
Ir
I
3
1
9
2
9

o
2
I
7
2

I
I

6.'l
b.g
ó.0
5.9
5.7

B

6

7.O
7.3
8.7
9.2
B.b

8.7
6.9
7.6
6.8
7"2

7"6
7-5

9.
'l .

6.
L00
9.
B.

9
6

t
T

6.
l.
7n
6.

26.

6.5
8"3
B.l¡
5.7
7.h

I
3

9
CI

6

7B.

6.5
7"6
9.7
B.l¡
7.0

B.
9.
7.

B

II
9
7

L
B

8,2 10
6.7 L3 )

2

5

7
B

6
9
6

6
7
6
6

10

7
9

6"5
9.
6.

l_0.
IB.

o
6
9
6

5
h
B

9
5

B

b
3
3
2

B5
b8

10I.1
102.1

gb,5
92'5
99.3
g\.2

r22.O

96"3
102.L
88.8
97.O
90.7

91.8
r01.0

9
5

6ó.o
10.2

go.5
77.7
88",1+

79"1
gL.h

3
5

6
9
0
I
5

6
6
9
3
h

1931
1932
L933
193h
L935

19.l¡1
I9l+2
l:9b3
IgLl+
L9b5

1r.0
7.0
9,5g.g
6.9

T
I
7
9
5

6.1
7.5

9.5
ï1.7

5 l:2.
5 7.
16.r9.
87.

9.
6"
7.
oU¡
6,

.6 9.7

.¡¡ 8.7

.3 10.ó

.lr 6.0

.0 6.3

7

5"
5.

IL.
5.
7.

68.

t936 7
1937 5

\s 1938 5"'r9i9 5
ISLO 5

5"6
6.0
6.1
6.0
6.6

5.r
6"6
7.1
6,2
7.5

ro.7
ó.lr

10.1
7.0
7"O

B.g
6.b
7,b
7.5
7.2

9.2
7.3
6.9
7.5
9.2

7.8
5.t
7.6
7.6
b.9

a

a

a

5.2
9.3
5.7
5.2
7.3

5.5
6.5
6.r
6.6
6.5

8.5
6.7
6.b
g.h
ó.9

7.
T.
6.
6.
lr.

B.o
ó"8
6.9
ó.1
B.o

8.2
7.8
7.6
8.3
7.2

7.0
7"3

.O

.9

.lr

.3

.2

8.o
B.b

B.
10.
10.
7"

2L.

lo.
I].
9,

10.
11"

B"l
11.g

5
5
6
5
6

7.1
B.lr
B.l+

6.b ro.
6.9 T-
7.3 B.
6.h 6.
7.5 7-

7.1 6
B"? 7.

7 9.2
9 tr"5
3 6.6
3 10.6
I 8.0

Lt
7

6"9
7.

B.o
9.1

191+6

191+7
5
2

5
6

9.lr
AD7 l+ 5.

ffi
Avgo 7.'l 7"3 7.7 7.h 7.6 8.1+ 7.7 9.7 lO.5 ?.h 6"g 6"6 9\.9

g/ Oct. 1928 - Dec. 1930 are record.s plus Cr¡lbertson Gana} diversions. Renainder ans correlations
rrith Frenchman Creek at Culbertsonplus Culbertson CanaL diversions.

a
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TabLe 26.-Inflorr on Frenchurær Creek between End.ers Dam and tulbertson Diversion Dan 
"/

ïear Ja.n"

t - l,0OO acre-feet
Feb. Mar" Apr^ May J'r¡ne July Ä,ug. Sept. Oct. Nov, Deco lotal

L928
L929
1930

r93r
L932
r933
1931¡
l.;935

r%6
L93T
r938
L939
191¡0

19hl
L9Iû
19l¡3
f9l¡l+
LebS

I9l¡ó
rih?

3"0
2"6

3.9
2"O

t-1
r.8
3.5
3.2
2.?

2.5
r.7
2.2
1.?
3"0

2rQ
2,O

3.7
2,5

1.3
l+.6
b"3
2.2
3.2

3 
"l¿1.9

2"O
2.6
h"o

3.o
l+.o
3.3
3.7
2.2

2.8
r.9

o"g
3.h
3.3
Oo6
2rI

3.3
200
2.5
2.7
2"7

l+*8
8.2

L.T
3.0
2.3
2.3

18.7

h-h
L"7
5.t
2"8
2.8

3.6
5.5
1.8
h.7
J.1

3"0
3.9

2"b
l¿.3

3.7
h"6
lr"6
2.6
8.9

t-.9
5"7

r"5
1.9

3,
3.
6.

2"3
J.h
3.8
2"O
2.1+

o.8
r.3
r.6
1.2
2.1+

3.r
2.9
r"5
2"6
l+.o

8"r
3.0
5.L

1.8
2"O
2.9
1.3
r"5

0oh
r.5
r.3
r.l+
1.8

2.0
L-7
L.5
2.1+
2.3

2"9
h,7
6"7

2.I
1.It
3.9
2"5
200

2"3
2oI
L.7
a"5
l+-?

}h.g
37.6
52.3

22'.Ð
33"1
l¡1"8
27.6
57.o

26"7
22"b
29"11
23.1
3(r,7

I
2.\
2"7
r.g
2"3
5,6

L.2
L.g
r"8
2"0
2.3

J"l
2"2
1"7
h.L
2"1

h.6
3.8

I
3

7 1.8
3.1+

1.3
r.6
5.3

. 1"1
3'O- 

'

I.I
l-. lr
L.9
L¡l
r,8

o"8
3,2
L.¡¿
10I
2.1¡

2.8
0"5

33.2
37,3
2h.O
38"3
3O,3

I
I
Ia

1.5
L.g
2.9
3.6
3.r

2"2
o.6
2.7
2,6
0.6

r.8
3.6
2.L
l¡"9

11.T

3.8
3"7
1"3
1-6
2rL

1'¡+
L.7
2.O
1"8
r"8

I"I
2.L
r.5
2.O
2o0

f,..ì..

\Jì,
-l

3"3
1.3
2"1
L"5
1.8

2"O
r"9

3
2
2
3
2

.3

.I

.h

.h
"OoI

3
l¡
2

5

I
I

.6
Io9

h.g 2.1
2.1¡
r,8
2"L
1-1

.5

.7

.2

.3

5
2
5
5

oó

.h
2
3

2"L
2.8

3.9
6.r

6.1 2.8 z.b 35.8
26.3

Ave 2.2 2"\ 3"O 2"6 L.h b"7 2,7 2"1+ r"g 2.g 2o 2.6 3l+"2

Culbertson Dir¡ersion Dam run'off considered same as run-off of Frenchnan Creek near Pali.sade plus diversions
into the canaJ.o

{
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Table ?l r-ÐWlebcd lnf,lor sr Fr€nctmsn Creek betteen Erders tÞn Site and Cr¡lbertson Dfuærslon f rn, a/

ü - 1000
Cl

Lsza
in9
t930

lrtt
te31
L933

3.0
2.6

ît
2.5

îd
1r9

lr. ?
8"1

1"6
3"2

o.9
L1
9.?
O.8
2.8

0.1¡
t.5
1.3
10h
loB

.l¡

.5

2.2
o.6
?.7
2.6
0,6

1.9
tr9
2'.9
3.6
3.I

3.9
2.O

2.5
L.7
2.2
1,7
3.0

3.1
2.Lr
2.lr
3.o
2J

1.3
lr.6
b,3
2.2
3',2

3.1¡
L.9
2¡O
2.6
L.o

3.0
b.o
3.3
3rT
2.2

1.6
2.9
2.O
r.7

18.6

ù.3
L.2
5.o
2
2

3.t
5.b
1.3
b.6
2.9

2.1,
lr'1

1.6
3.b
1.8
b.7

l-1..o

3.1
[.b
\.2
2.b
8,3

L.o
3.5

1.6
2.1
1.3
L.5
l¡,9

o.9
r.3
1,.3
1o3
L.?

2.7
L.5
L.0
l¡f
1.6

1.2
5"2

3.5
3r0
5.t
l..o
1.6

o.7
L.2
1.6
L.2
1.2

3.7
3o8
ó.1

2.1
313
3.6
1,8
2.2

o.6
L'2
1"j
oog
2"2

3.1
2.7
1,3
2,Ir
3.8

1"8
2"O
2"9
1.3
L.,

c

2.O
L.7
1.5
2.1+
2,.3

2tl
l,.l¡
3.9
2.5
2.0

2.3
2.L
1,.?
o"5
h.T

2.L
2.b
1.8
2.1
1.1

il¡.7
35.3
5t.o

2o.o
30.8
39.6
2t+.6
55,t

23.7
L9'.7
?.7 

"320,7.
3l;"0

32"O
35.?
2L"O
36"5
28.5

2,9
b.7
6,,7

0"r
3"C
5.1

I
3
3
2

0.9
3.3
3.1
0.3
2.O

1.1
.8
.g
.2
¡1

3.1
lr.1
2.O
5.6
1.8

193tt
L99'

Lß6B tÐ7
l;v38
l?39
19lro

3.O
1.6
2.lt
2.b
2.5

o.?
IrO
r.6
On7

Lo5

o.8
3.2
O¡9
0.6
2.2

1gù1 3.'
L9I+2 1.3
1gb3 2.L
lplù L.5
Lgl$ 1,8

lr.8
5.h
2.3
5.L
5.0

O.,
1.6
l.rL
1.b
1.7

19l¡6 z.o . 2.o 2.6 r.? 2.9 3.T lr.l. 1.0 216 6.L 2.8 2.b 33"9
19lr? L:9 2.a 3.! 2.8 I 3.8 6.0 316 ¡,.2 0.2 . 4 * s 2b.9

jtì

ffi
Ilflarase 2-2 2.h 3.O 2.5 l+.2 h.h 2.L 1.8 1.7 2,7 2.b 2.6 32,O

A/ Strea¡¡ accretions betæeur Er¡ders and Culbertson Diversicn Dan less depletions Ëy poaslble fr¡tr¡re prLvetc
- devel,opætrt of i¡rã.gatlon and pondsr

aãlL
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trTenchran Unit

sectional gain ras utilfzed only during the sunner by diverting the
amor¡nt necessary to meet the dÍverslon requirenents of lands under
the ÍSenchman Unit,. r¿faier in excess of these diverslon requirenents
was passed do¡rnstream ag wast€ watera

Retuvn flor

It has been oiplaínedr whÍIe discusslng ühe proJect ûa^r,er supplyt
that no return flows ere conoldered aval.Iebl-e for reuse ln the Frenchrna¡t
UnLt. The retr¡rn flois that ry:i1l result from futr¡¡e lrrigatior dezelop-
ment are flgured for the purpr:sé of deterr¿ining the flow passing ülæ
ru¡it ar¡d available for use downstreauo

Reüurn florr is the reeídual portlon diverüed which is not eonsr¡ned
by evaporatÍon or transpiratioÍr" Reüurn flows entering ùhe strean as
live flov are conventlonally conrputed to be a percent'age of, the dlffer-
ence between dÍversion and crop lrrigation requlrements. Because return
flows from lands presently lrrlgated are reflected in the histcrÍcaL
flqr¡ reeords, al1 reùurn flow fromr the irrígated land under fu11 develop-
nent cannoü be eonsidered as j¡creased flor¡ due üo developrrrent of thi*s
r¡rit. The annual increase in reüurn flov due to ühe planned developnent¡
table Z8rwas obt¿lned by deternfning the return flow fro¡n the a¡uau¿I
lncr.ease in dlversion requirement over present di.r¡ersicns. Ttuis was
done by corupuüing the difference between dÍverslons required for the
planned development, table Jó, and the historic díversion, üab1e 2l¡.
The retr¡rn flow fron tl¡e ir¡crease in diversíon requlrement uas ühen
deten¿ined to be Jl percent of the water thaü would be lost in canals
and on the farm ln distrlbuüing the increaeed require¡nent to the cropr
Canal a¡rd farm losses a¡e detetmined üo be 25 a¡rd 30 þercent, re6pec-
tively, in the folloring waüer requirements discussion.

An evaluatLon of the phlryical conditions in the area lndicates
there are no large areas ryhich would cau8e great losses of return
flows due to íncreased conoumpüive use by treee or other vegetaüf.on.
Iü. is estimated bhat 75 percent of farn losses arrd distrÍbution losses
rill reach the süream bed from the Ferptnan Unlt.

Monthly distribution of return flow in percent of annuaL return
f,Lo¡v ueed üo deüerrnine the dlstrilrution of return fl"ors fro¡n additlonal
dlverslons J.s as follows:

p
January
February
March

Aprll
May
June

JulJ 9
August J.f
Septo 12

percent
lJ-

9
I

ercent percentpercent
6
1
B

7
6
6

Oct.
Novo
Dec.

These percentages are nearl-y the earre as found in the North platte
Project. They have been artered srfght\y because a longer brigation
sea8on ls oçected ln thls area. The distrlbution of retr¡rn flowe
resultlng fbo¡a the increased divereions required for developrnent of
tt¡1s unlt are Lieted l¡ table 29.

5g
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Table Z8o--Ðetermi¡atlon of increase in annual ret'r¡rn flow over
historical ret'urn flow for Frenchman Unit

(unit - LOOO acre-feet)

ïear

Ar¡nual
diversion

AnnuaI
historio
diversions

26.L
36.8
31.1r
33,2
26.0

34,3
32,6
28.9

22,O
2Ac7

f,ncrease
in
diversion

irenents

22"9
-0.1

23.2
u.h
15"L
2\,2
30,.5

18 ì
B.B

Ret¿rn
f].ow fYon
increased
díversions

t929
]'930

191¿l+

r9u5

19hó
r9\7

l¡8.8
2b,'3

25
2\

9
h

a

c

Bo2
c

6.1+

3.L

L93L
]932
r933
L93t+
1'935

L936
]937
1938
t939
19bo

19,¿L
t9l+2
19h3

h3.t
b9,B
l¡7. o
59.t c/
lr0.B -

6.r
l+.6
5.6
9,2
5.3

o
0
6
9
B

17
L3
t5
25
ill

8.3
6.2
5.5
8,6

10"9

1.h
6 

"l+1006
5oo
h.B

lr. o
lB n0
29 19
th.1
L3,5

33,6
30"0

19,2
l3 o8
30.6
22.6
23,2

5c/
o'i;/
3-8-t
,

5e..
5o,.
bl+.
57,
ó0,

23.
31.
60.
36.
36,

lro.
2g

2
B

5
7
7

1
5a

.I'OEAI

Arrerage hL.t 26,9 L7 "2
6.1

el
!/

2/

Calendar year

Return flów fron íncreased diversions is equat fo 751( G5Í[ of rlrre
diversion requiremerlt' + 3O/" of the farm delivery requirement)

Shortage J¡earr annual dlversion requirement is dlversior¡ rnade i¡
operation study.

6o
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Table 29.-Distribution of ¡eturn fLø frcn addÍtional diversiørs, 2/ - Frenchman ünit

(unit - 100O acre-feet)
ear a¡¡ û a a ta

f,of
Annual 7 9 It 12119
L92g
1930

1931
l9tz
t933
1e3h
L935

Lelß

19h6
L9Iú

b/ o.\
oÕ

p

0"7
0

,5
oh(
o)îéL

"l

Oc9
0

o.7
0"5
0.6
1.O
0r6

0
0"9
o

"5nlt
oh
oI

.5

.3

t9b3
191¿h

(

ol
,5
o8
.h
å

,9
.2

666 7

.Ir

"3.b
"6
.l+

.6

.lr
"h.6
oB

ol
.l+
oT
*l¡
"3

oh
o2

-5
"h.3
"5
"6

o1

"h.6
.3
"3

.l¡
o2

0
oh
.3

"3,6

.3

.5
"lt.3
.5

o6
cl
.l¡
t6
"3

J
'lr

o

"h.3
.3
o6

13
.5
rh
.3
ob

.6
ol
"lr
o6
.3

n3
.l+

O"lr
,5

o.lr

"5

o.t
o

"hoj
.3
ß
e3

B

.5
oh
.5
.l
"I+

1-0

O.?
o.5
ar?
Ll¡
0.6

Ì.O
o.7
0"?
1,-O
1.3

o"2
0.8
i.3
0"6
0,6

o,8
o.lr

0.7
0

0"5
0"lr
0.5
O"8
a.5

0.7
006
o"5
0,8
1.0

0"1
Oo6
1o0
0.5
0"h

B

.1

7.8
Io6

\og
h.9
5.5
8"3
6.2

3.1
5"5
9"9
5.9
h"8

6.2
3.7

0o6 0o6 o.7
000

o o.5
0"lr
o"5
0"8
0,5

o"7
0"5
0.5
o'8
1.0

0"1
0"6
1"0
0,L
o"h

O"7
o.5
0.6
IoO,"
o"6

o"g
0"?
0"6
0.9
L"2

O..:[
0.7
1"2
0.5
O*,

0"?
003

0.9
0.7
0.6
¡*O+
L.2

O"2
0"7
l.,o2
o"t
0,5

o"7
OJ

.7

.h
o7
.9

a%9
1910

o\
Þr

1936
$3?
1938

r9h1
L9l+2

nh
.3
-h
.7*

.lr

.6

.h
.lr
o6

.8

.1

.h
"7.b

olr+
.h

o7 7"?
"5 6"6
o5 5"7
o7 BoO

o9 10,5

0"6
0"3

0.6
O"3

A

g/ Correci:ed for all shortages.

V ,farlor Feb., ard Maro.r Aug. for aII other years üsêdr

O"lr 0 O.l+o" lro.h 0.5 0,5 0"7 o.Z on? oo5 oo5 6*l
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Frencluan llnlt

Weter ReqÏi¡e.nentg

ïlater requiremenùs for the Fbenctu¡an Unlù th¿t 1111 creatc a
demard on Erders Rcsarvolr 1¡rcLude ùhe rater requlred for trrlgeùlng
the lands, rater togt dræ üo evaporation fraan the regervoir sld r¡tor
Lost æ scepege flm the reservoir. Tþ weter requirenent for lrrl-
gatlon J,s itependent upon ùhe consurptlve use of, rête¡ by lntgated
crops, the cffective preelplùatlon |n the erea, tranoportatlon losces¡
end fa¡m losges.

Deùerrolnatlon of l¡¡{.eatlon and dirærslon requirmenta
-'+

Regufreaaentg for lnlgatlon water¡ as treated ln the Flenclma¡r
Project anear are based on the severel factors llsted abo¡e affecttlg
the uge of rater'

Thø pnocedure followed for dete¡mlning the lrrigatLon a¡¡d
diversfon requJ,rement tras eÉr follors: The consuuptive uge e¡¡d the
effectlve preclpltatLon were flrst deterrnined. The consurytlvu u8e
of lrrigatlon raùer was then dete¡nLned by subtractlng the effecùlYr
preclpltatton frql the consunptirre uge. The diverslon requlrenente
rere then deterrnined as oçl-ained in the folloning dlssueslon of
dLvension requlrements. Deternlnation of the above factæs lg sbfrr¡
ln the folloning dlscugsLonr

Consrmptive ueer-The Lor¡ry-Johnson nethod was enployed irt
deterrnlffiñgTlã-cõtsurytive use reguirenente for the project area.!
This nethod esteblÍshes a relatlonshlp betrveen effective lÞat unlts
and annr¡¿l consunptlve use of waùer, The correLatlon ras establlshêd
rith referenoc üo a consLderabLe nu¡nber of lrrLgated ereas reeelvlng
a fi¡L} water aupply nhere the dtfference beüneen total infLows a¡d
outflcnya cor¡ld be observed. Coneurptlve use raquiraents 'rere dcter-
nlned by using ùemperatue data recorded by the raather statlon at
Cr¡lbert¡onr -Nebraska. thls statlon ls considered to repre-cent ùhc
avera€e condltlone e:dstfng ln the ¡rroJect area. By deùerniniag
the ecctrûulated ma¡dnr¡n dally temperatnres fn degrees'abova e
nfulftnm of 32 degrees drrrlng the effectlve gronlng seafron, lt ls
pooslble to determlne the a¡rr¡ual consrrytirc use by using ùhe Lonr¡r-
tlohnson cìlrvêr The effective grcmlng season is defj.ned flom a
mooüh€d curve shoring the date on rhioh the ninl¡ur¡u tanperaturc
rlgeg abovè 32 degreee ln the sprlng and remains above it r¡nùll the
tenpera,ture drops below that tenperatwe ln the fal.tc Table 3O
presenta the conputed ef.feetive heat in day degrees s¡d the annu¡1
consunptive use in feet fcr the Frerrclrnan llnl.to

The annual conËu[p+"Í.ve use, table 30, ras dlstrlbuüed througÞ
out the Jrearr taþle 31-e hy using ùhe foltcming percentages o.l thã
ennual consunptive use.,

@ water for Agriculturern by Lorry and Jr,hnson,
Trane. A.SrC.E.¡ P¡ 12L3r VoL 107r I9h2.
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!
Table 3o-EffecùIve heat and. consr:mptive use - day degrees, Frenchnan.Unit

-Tonsunptive Use

ïear l/¡r"

1929
1930

lOBó
1150

823
982
963

119l+
95Ir

1065
763

1017
727
861¡

877
1053
1089

Lbl+
76b

1302
t27t

1370
1513
1311
}.693
10L]_

rl¡eO
1321
1286
r575
1l¡lh

Jrme

1569
1560

1?ho
].55r
191L
L779
L5]..2

1go3
Lg10

193I+
1981+

1913
2111r
198?

2tr7
2Aa5
1990
2a65
2015

1925
1792

,4.

1968
l-767

nt9
2000
L993
18?2
1798

1230
rLgr

rl+ZZ
1302
r533
1539
]lÍa9

û9lr
L632

Lor121
9 1999

10rh27
9'965

]:a'533
11róliL

9 r76b

1Or9L1
10r21?
10' ?90
1Orb81
10,óLg

2"1+3
2"bl

2,1ú
2.|,1O
2.fr
2.67
2.37

2.55
2.lh
2,511
2"119
2.5r

2.5b
2.Ifi

9 Oet" Nov lota1 in feet

66 997
8S

1197
673

122&
128ó

862

879
989

1ü0
797

l25a

10llt
10tr

883
1137
rcl+5

rhót 36

1ot
9s
9t

10,787
ao'359

L97L
v32
t933

1931+

L935

l:9ú
ll937
1938
]l939
r9L0

19l+r
a9lÊ
19¡+3
19LL
l.eu1,

r9L6
191+?

il+Zz
1318
121+0

11i63
Ð52

1?88
l.55r-
1671
t77b
1?ó1

L9t2
1503
Éo8
L57B
1317

1811r
rÀ956
2æg
1730
187ó

18ó6
TT67
2oi5
l.773
1795

a75B
1820
1628
185b
1820

!&5
úLz
a$15
1338
th13

158?
1578
158L
1ó?1
1539

ó1
294

Or\,

825

93
2at

109

l+8

525

9,
9t

977
998
377
&b
óBB

2.
2,
2.
2.
2.

l+1

hl
l+7

36
36

l-335
7].9

l.2l:2
1256

r-?13
r¡16

7798
20t5

i.

Ave "rA 
ltÞ 1ó.331+ 2,116

a/
v

Based upon tem.ceratures recorded at Culberüson, Nebraska.
Fron lowry and Johnson Curve.
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Table 31.--Distribution of Consuraptive Use - Fïenclsnar¡ Unit

!'eet per aere
Íeäe -lan" - FeE. Mär. þ'r_Mey___dr:4g_-__{fty lue" . S il

w29
1930

1931
7932
]l933
193b
L935

o.o5
.05

o.12
.12

.12

.V.

.12

.L2

.L2

o"20
.19

0.21+
.2l.+

0.31+
.3b

O.l¡6
.ló

o.lrh
.h3

O.8
.29

.30

.29

.30

.32
o28

.3ra

"29.30
.30

"30

.29

.29

.30

.28

.28

.30

0"15
.15

.15

.1'l+

.L5

.Ió

.11¡

"L5
"L,.LS

"I5
"15

.L5

.l-5

.T5

.ìh

.Ih

.15

.L5

0.0?
.07

o"05
.a5

2./.t3
2.hl

2"lt?
2.h0
2.9o
2o67
2"3?

2"lrl
2.1¡3
2.1ú
2.36
2.36

2.5.t
2-b7

0.
c

02
02

02
a2
o2
03
02

02
02
03
03
02

v2
02
02
02
02

03
02

aaa o5
o5
05
05
ot

05
c5
05
05
05

CI5

05
o5
05
05

05
05

L2
t2
L2
13
12

13
t2
13
L2
13

20
t9
20
21
19

20
20
20
20
20

L9
19
?a
19
1g

20
2A

25
2b
25
27
2b

26
25
25
25
25

2b
2lr,
25
2ll
2l+

25
25

35
3l+
35

36
3h
36
35
35

3lr
3lr
35
33
33

. l¡8

. ¡+?.35

" 
l+7

.l¡6
",¡+B
.51
.l+5

. l¡8

"h6
.b8

"l¡7
"L8

l+l+

b3
I+5

b8
h3

L6
Llt
tú
b5
l¡5

.h3

. lr3

.hl¡

.w
.lJz

.116

. Ll+

.0?

2.55
2rlù
2"5\
2,1+9
2"5r\

,05
.o5
.05
.05
.05

.o5

.o5

.05

.oS

"o5

.05

.o5

.05

.oS
.O,

.o5

.o5

a

a

o

a

a

a

a

aa

o

a

a

a

a

a

a

aa

o

o

aa

a

aa
ô.

!

o?
o8
08
a7

08
0?
OB

o7
08

r936
l93?
1938
1,939
t9L0

19b1
1912
19b3
19ldr
L9l+t

191¡6
191.r7

.38

.33

.36

"li6
.l+ó
.b7
.Ir5
-'l+5

.0?

.07

.O?

.ol'

.o7

,o8
.O7

.(.

30I

13
v.

Average O.02 O.O5 0.12 O,2O A"25 O.35 O.b? O.bL O"29 0,,15 O.O? O.O5 ?tW
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Freræl¡¡¡¡n Unlt

uo¡¡th
Jerrusry
February 2
Itarch 5Apn{t I

¡eroent---r nonth
¡tsy
June
JulY
At¡g.

údúb
SePt.
Oot'
l{oYr
I)ec.

oercgrtT
6
3
2

ocrcent
-]5-

Il¡
L9
18

These percentages ere based upon published d¿ta secr¡fed during
eonsunþtlve r¡sã studies for the tr[ason Creek a¡ee of t]re Bolse
ProJeci¡ ldaho a¡¡d for the Ueslu.e Va1ley, Rto Grande ProJect,
t{ew-l&xicor The percentages used ln this strrdy for the ¡nonths
of Juty and August are sl.lglrtly higher tl¡an the Boise ar¡d Rio
Grande date beõauee it ls antlcl.pated that ttre Jt¡ly and Auguat
regulrenents rlll be hlgh dr.¡e üo the cr@s thst wtlt probably be
gfOrlt.

Precipitatlon over proJecù ¿¡'6¿.-p¡6cipltatlon, as rcll as
t€fEp€ffioffi ffi tþ üo s, ii?eti¡cr ts-.¡reau
statlon at Gr¡lbertson, llebaska. A tabr¡l,atlon of preclpltatlon ln
lnchea, recorded at Cr¡tbertaøt¡ Nebnaeka, for the perlod of atudy
le shcrr¡ ln teble 32¡

SLnac not p't'l preclpltatton faU.tng on a proJect, area ls
effeotÍve 1n rneettng consunptive uee requirements¡ the recæded
precfpf.tatLon ¡oust be adJusted to ccmpensate for factc¡rs suah as
amount ar¡d i¡tensl.ty¡ clnracter of eoll surfaoe, storage capaaityt
and rate of oonernptive uge.

Percentages of effecttvenees were applled'to i¡creoents of
nontlr\y ra1nfall to deùer¡r¡lne ühe effecùive preclpitatLon for thl.g
nt€ar An ayerege of the i¡crenental percenùages suggested in the
ltater Requlranent Seotion of the Br¡reau Ma¡¡ual rere used,

FectpÍtatlon Í¡crqrcnt EJfective precipltat i.on
&cheg lncheg

percenffiuiatcti
--ff-I

2
3
l¡
5
6
7 and over

90
82
66
!z
20
I

1.85
2.67
3.33
3,82
lr.02
1r.10

Effectlve preolpltaùion as detemlned fon ühe ¡?ench¡oan llriù ig
shcrr¡ fn teble 33r

Co¡r¡uçtlve ugc reqÌLlr€nent! of ¡rflgq!¿g! rat€r,-4he constmlF
tlvs ulre requirennents of irrigetion reter, üable 3lj'. ls ccoputed by
uubtraoting the effectlve preclpiüation flon ühe consrqltlve usc.
It rfLt be noted hotewr tþt tgble 3l+ car¡¡rot be deternined by
aubtracting ùhe ef,f,ecütve pneci$ltation, ùable 33r frm the cänrrup-
ülve use, table 3L' llrls ts beceutre ttæ soil actg as a reservoir
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Table 32 * Precipitatiqr at Culberbsonn Nebraska - Inches arl

ear alr.

L929
1930

19b6
19h7

.05
,67

1.8ó
3,91¡

2.51t
2"75

3"18
3.90

.gg
lr.8r
\.27

l-.20
I¿.81+
2.05
3.57
1.28

5.32
5.zz
2.O3
1.58
3.19

l+"1+o

8.18

"38?çLlr

3.30
.51

7,33
2.01
r.g2

.36
1.85
3.35
1"1+?
r.26

1.Jg
l.g7
2rTB
1.28
3. Bo

2.53
2"38

"58.38
3,81
2,r3
2.2r

1"U
"bo

5.6t
l+.ó1

.05

.Olt
2.3'!t

1.28
2.03

1.26
0

,30
2.00
r.25

T
.08
.0h

T
.h5

.20

.Slt
,25

1.02
,20

2"2r
r"22

18.f9
29.71+

l-1,99
il+.26
23.L5
l:2"lú
15.O1

27.ffi
2l+.Lo
11.2b
25.76
19,81

1.02
"50
.30

L56
.38

29
87
08
99
26

.13
.35

"75
.hó

-20
00

60
o3
20
20

53
óh
2b
5o
91

1.

1.Og
.32
.26

r.g7
.51+

.12

.26

01.62
t+,62

L.67
L"79

5.31
l+.1+l+

1931
1932
1933
1931+

L935

tefi
ll937
1938
1;939

]ebo
19Ll
191+2

1913
19tù
19,!+5

1"19
3.lrO
2.79

.Bo
8.33

b.37
1.38
7.80
L.52
1"87

2,gb
r.7g
1.15
2.53
3.ho

l+"91
2.73

.B?
?"62
2"88
1.10
.ltz

r.gg
1.ó3
3,76

.53
2"3r

\.52
.gL

L,3g
5"BB
2.59

.62

.ób

.56

0 1ó.óB
15.16
2t.98
L7,2L
2t.56

,53

.32

.15

.10
,75
.23

.32

.30

.13

.Blt
1.13

lJ+

1.1+1
.39

1.51r

1.13
2.26
1.93
1.22
1.L5

3.2r
.20

t.53
.O7
.116

"56
1.19
1.89
1.81
2,97

3.8r
b.5B

1.17
.6lr

2.32
1.38

.58

2.88
5,82
1" 71
7.gl
2.57

.L5
2.95

a

o

a

o\
Ot

a

a

a

.22
,12
.11+
.h3
.19

.10
1.19

rO2
.03
.52

1,1ó
.61
.óo
.52
.29

1.50
.39
.f?
,33
,33

.10

.93

.76

.82

.76
1.71

.31

1.71r
.b6

2.27
.l$

2
2 0l+

23 6 13
96

28.
2l+.

0ó
B1

o

a

o

a

Tc'tal
ÁveraEe O.5r o. L.11 2. i1 iLB a7,30 3,1+6 z.5L 2.1o 1"89 1. .v5 .l+5 19.97

9/ U. S. lÏeather B¡:reau Published records
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Table 33. Effective precipitation for Fþenchnan tJnít, a/

er ær. Fe Mar.

o,33 0" 13
31

L
l¿¡

o o.1g
.19

.05

.03

.27

.1ó

.18

"09.03
.11
.O3
.L2

.33

.18
,oL

.18

.1ó

3o

$

o.10
.1ó .ob 2.10

o I.

Dee.a

1929
1930

0"02
.oB

0

"a5

.23

.02

.12

.01

. ol+

.0b

.09

.15
'1l+
.22

.06

.07

.06

.13

"02

.L3

.olr

O.llr
.27

.2J.

.33

.13

.3b

.19

.01

.22

o"06
.ol+

.08
OL
o2
72
03

a

ot9
2T

.03
o16

.2/.+

"ob
.31+

.L5

.LS

.03
oil+
.211
.11
.10

.11

.L5
27
10
27

0.13
.3O

.05

.05
o
-.ol.t

.Olr

.01

.@
o
o

'0lr
.09
.05
.05

"0h.02

.10

.a2

.L5

.10

.01

.02

.03
¡01
.01
.0ó
.02

r.26
1.1¡
1.1+3
1"28
L.35

.88
1"0b
1"1r9

"951"17

32
t

.23

.27

.08

.31

.29

oQ9
.3I
.L6
.26
.10

"33
.33
.16
.L2
.23

.30

.31¡

30

09
25
2L
07
3h

29
1I
3h
L2
1lr

22
1L
09
r9
25

32
2A

1931
L932
L933
1931r
Le35

L936
L937

q 1938- t93?
19Lo

191¡1
L9lr2
L9lr3
r.9ld¡
LebS

f.9l+6
]:9'ltT

0 0g
1B
L5
10
11

og
05
18
11
05

.07

.20

.2L

.og

.03

o
.05

02

oh
a5
02
ol+
0?

a

0

0
0

a

t

a

a

a

.02

.O9

.03

.02

.L5

"Olr

.a2

.01

.01

.03

.a2

.42

.o?

.01

.o8

.02

.oI

.O3

oL5
13
27
olr
18

.03

.O2

.0r

.O7

"og

.L2

.0J
,02
.O3
.03

.CII

.oT

.oh

.Ol¡

.02

.oB

.02

.18

.10

a

0
0

a

a

a

ú

.30

.07

.11

.33
,49

1,90
1oó1

.88
L"59
1.1¡6

27

30
o1
æ.

o.21 0.23 0.18 o.It o.l¡ o-

1"gh
LnSg

07 0.oó o.oL L.3g

3l¡
07

o

a

Average O"0lr o.OL o.o8 o.15

9/ Based upon Culbertson, Nebraska, precipÍtation recorrls.

June
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îable Jl¡-ConeunptLæ Use Requlrements of, fnigatlon wet€f
Frenchnan UnLt

Unit - acre-f

tear tpr,2/ w9/ Jr¡ne July Aug, Sept. Oct. fþtal

.lr1

.27

.20

.39

.11

.33

.28

.l¡3

.30

.22
,3lr
.35
.32
.28
.23
.32
.L5
.28
.l¿0

L.08
l.17
,9b

L.57
1.[1
1.02
1.61
L.39

.93
,?3

1,56
.gù
.81¿'

,92
,ó8

l,l2
.56
.79

1.1¡

,O2
o

.10

.O9

.r5

.12

.10
,1[
.0ó
.L5
.L,
.11
,02
.ag
.10
.10
.L2
0

.08

.10

.11

.25

.26

.03

.Tó

.10
,22
.26
.19
.2'l
.r8
o
0
.n
.28
.lo
.12
.il¿

33
L'
l¡o
26
27
bz
7?
33
33
2L
l+3

30
1ó
36
ß
L2
26
2L
06

a

t

a

a

.13

.03

.ol¡

.07

.27

.07
o

,27
.03
.u
.09
,25
.0L
o

.19

.02

.10

.05
0

0
o
0
02
L2
28
0
o2
2L
0
18
11
02
o
2)
o
og
o
0

.13
o
0

.o5

.13

.19

'Q9.16
.22
,08
.$
.O?
o
o

.L5
0

.06
,26
o

L935
t936

r92g
L930
L93L
t932
L933
t93It

1937
1 938
L939
191+0

19b1
t9lÊ
19b3
191¡l+
L9b5
L9lß
L9b7

a

)

a

AveraPe .09 .U'f .l), zö l0 Iö uy IrUö

e/ Inoludea one-hel.f of portion of Nov.-lt4rr seguirement not Ft bÐ¡
the effectfve pneclpiüation

ñ\4'1,
\ r lo" '6å"n'tf\

Fv' 4
þ

fi

0

Òl 1

3l', ,,i/ ' 
î,rt

í
¡'Ì

)

\

Þ
0

óg
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F?enclûan UnLt

and any unused effective precipitation ls avaílabl.e for use ín the
follorvíng nonth, For thíÈ reaion the noisture requirer¡ent for any

one nontñ is depenãent upon the noistule condftions þf the previor¡s
monüh, AIL unuèed effeclive precipitation is consid¿red to be

a'¡ailable for use in the follã¡¡ing nonùh up to a marcilnre of 0.5 of
a fooü.

consurqltive use require¡nenüs for the Nove¡nber through Ì,l"r9h
perlod¡ not'supplled by effective p:ecipita-bíon, were-satisfled
åur:ine'¿prif úà May. Half the deiicteñcy being supplied in April
and half in Mayo

Diversion requirernentso-In order to satisfy the crop frrigation
requfËñffiIt-TË-ñãlõãË'5ãFy to dÍvert sqfficienü additicnal water
to o"€rcçne tranSportatlon a¡ld farm losses. these estimates were
nade by operation- speclalists fron the Bureau of Reclanation office
in'negíon ?. For the F?encluren U1¡it th€ farn loss was esüí¡uated to
be JO percent of ühe fa:m delivery requírement, therafore the
consuupÈive use requirement of irrigation water ls rnultiplied by
the ralio of IOO over lO0 minus the 30 percent for fa:m loss to give
the farm delivery requirenento

Transportätj.on losses i¡r the distribuüfon systen lnclude rater
consr¡ned by evaporation, transpiration by canal-bank vegetation,
and seepage or pertolation losseso The esti¡nated percentage ioss of
water between the diversion poinü and the farm head gate was based
on thess faotors together with the length of canals evolttsd. CanaL
rosses were estlmaÙed to be 25 'percent of the diverslon requírernent'
The fam delivery requirement ts nultípL1ed by the raüio of I00 over
100 ninus 1..;};.e 25 percent transportatj.on loss to give diversion requlrs-
melrtse Diverslon requirenents for the F?enchnar¡ Uniù ln acre-feeü
per acre irigated ere shovrh in tabl"e 35.

Diversion requirenents for the F?enclma¡r llnlt are ccrnputed as
the tota-l aereage irrlgated nultiplled by the diversion reguirements
in acre-feet per acreo The reguirements for 22r9LO aores, ühe üoü41
irrígabl-e land in the unit, are shc'rrri ín table 3ó.

Evaporatlon from reservolr

It is inportant to consider the loss of water frcrn the reservolr
surface area eaused by evaporati-on in waüe¡ supply studies. Reconds
of evaporatlon at Þrders Reservoir have not been colLected, therefore,
it was nêcegsary to utílize evaporation records collected at North
Platter Nebraska¡

gIgEF elaporation.-{he evaporation from a 2 by ó foot sr¡nken
pan have been recorded by the Bureau of Plant Industry at North
Platte, Nebraska. The recorded evaporaù1on wes corrected üo free
uater surface evaporetion by applying a coefficlent of O,9lr to the
recorded evaporation. TabLe 37 lists the free water surface evap-
oration as dete¡mlned frcm the North P1atte evaporatÍon rêcordgr
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Tab1e 35+¡Bluersl on requl.reælrts 'for tbe Frenoh¿n Uunt

Iear

Lg29
r930

0.?8
.5L

0.lg
.21

CI.Ol+

.rg
,17
.28
,23
rI9

.oh

.17
,19
,19
.23

0
.L5

o.2b
0

0
.10
.25
.36
.1?

.30

. l+2

J5
.28
.L7

0
.11

.hg
o

?"L3
1.0ó

L88
2.17
?ço5
2.98
r.7g

2.98
2.68
1.gb
3106
2.61+

I,01
L.3g
2.96
l.óo
1.60

cre-feet acre

o.63
.28

.08

.13

.5r

.13
o

.51

.06

.32
"I?
.b8

.02
0

.36

.19

.IO
0

aa

o
o 0

250.
.06

.26

.IL

.29

.29

.n-

.l+7

.b9

.06

'30.19

,TÊ
.b9
.36
.5r
.3L

,3lr
.2L

o
\t
C)

.57

.53
.l_g

.23

.27

;t'(¡

J¡

ru

<\
t*,

>-

r93r
r932
r933
r93¡¡
t935

r936
r937
1938
L939
19h0

19L1
l9l¡2
r9lú
1tl¡L
rebS

191¡6
19h7

0
.ob
.23
.53

0

,0h
.l¿0

.0h

'lrl¡
.10

0
o

.39

'lb.2I
.63
.53

.82
,57
.ltz
.65
.66

-õI
.53
.lù
.6'L
.29
'.53

"76

.76

.5a

.5r

.80
o7O

.69

.63
-l¡O
.82
.57

.30

.69
-68
-23
.\g

.l+O
ol.1

o
0

2B
0

0 oìr

ii

I '-tñ'

.f\ ". ¡r
çt\r. e

ìP
r+-)
-!

L.75
L.29

0
o

lotal
Average 0.17 0"13 o.l-8 o.53 0.56 0o3l o.L? 2.ú

+J
1-t
J')

-(1.J. o_ - 
--\ -f:

r(*\ç'*-1¡ 1\ t*ûo-,+*, ç\1* ':_.1 
'--:'Å*-

c\

4¿

\\

\

\s
\s\

$s

-t

$

-¡p

\

Þ
<t

--s
€\õ (n

o

(¡l
P

t

--r1.

\

+ s\ t¡

f¡'\
Ln

Òg I
ì1 o"
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Table 36¡¡-{Éverslon reqrrlraertts of French¡¡ån Ilnit for 221910 Lcres

a

t O0O acre-feeù

ll+.lt I?.9
ï[,?L929

1930
5.5
0

O.9
o

lr8.80
0 2\.3

5.?
1.1¡

lkb
h.8

l0r8
TL.2
1.1¡
6ç9
b.h

ó.1¡

1931
L932
an3
r93b
L%i

L936
L937
1938
L939
191¡o

r9tü
l9l+2
19h3
191ù
reLS

19b6
19b?

0
?.3
5.7
8.2
3'9

6rg
9.6
3.b
6.h
3.9

0
o
6.lr
0
2-5

fr.2
o

o
O.9
5.3

12.1
o

O.9
9.2
o
7.8
h.8

o$
0

10.L
o
2.3

1.8
3.O

LL.7
3.O
0

L[.7
r.h
7.3
3.9

11.0

o.5
0
8.2
0.9
b.b

1?.b
r[.5
l-f"?
1813
rqo

ü.1¿
lL.lt

9"2
18.8
1311

6.9
15.8
L516
5.3

Il'2

8.?
l?o0
¡r'8

Il,h
12eI

18.8
1:}¿
9.6

llr.9
15¡1

th.0
L2.L
10J
lL.o

6.6

12'L
1?.b

lr"lL
3"9
6,h
5.3
h.lt

l¡3'1
l¡9.8
lr7.O
68e2
lro.8

68.3
óLlr
lùo3
70"1
6.5

23.2
31.8
67.9
36ç7
36.7

bo.t
?g$

!; ..

{ts
9.6

IL¡2
8.2

ï1.7
7.8

6o
2¡5
6"6
6"6
b.8

Oe9

3.9
h.h
l¡.b
5.3

o
0

?.3
0

9.2
2.5

0
0

13.1
1.2c1
l¡rl¡

5.3
6.2

o
3.1¡

Total
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Table 3? - fvaporation fbonr free wats surface at North Platte, Nebraska arl

ar o

1929
1930

1931
1:932
1933
1931+
Le35

]:936
1937
1938
]:939
1910

191¡1
t9b2
191¡3
191¡l+
rebS

19b6
19lú

6
5

5.18
5"i9

5. Ol+

l+.05
7.6r
6,rg

g.0r
7.71l.
5.57
9.ú
8.'05

B'
5z
87
55
76

7
7

6.03
5.fi
6,56
6.76
5"35

7.OB
5.6

7b
75
ho
89
72

e 19
8L

8.lrO
7,67

3"92
l+.92

3lr
6l

o

ô

36
33

Lt"75
ùf,"06
bo"99
l+8" 12

7"I9
9"Bg
6"2/,+
5.25
h"9L

l+.30
,.L2
5.Bz
5.e5
b"63

6"16
6.rg
l+.99
B.l]6
6.L5

6"39
7.2b
5.51t
9.O2
h.o3

6"03
5.69
\.37
6.38
5.ol+

5.56
I+.55

7.7L
6.57
9"IL
g.g5
5.51t

9.65
8"o?

10.02
L2"50
9,2I

7.5l.+
7.38
B,z5
'1.L9
6.1¿8

7.93
6"6L

l+3"3t
l+0.ó3
)¡2.30
5r"73
36.1+0

36.66
32"93
38.01+
35,59
32.28

37,92
33"57

È8.#
-.6.hb

7.!0
8.81¿

9.38

5.6o
6"rg
5'Ll
6.88
7. ù1

-Jf\)

3
3
5
2
3

)+.99
lr. ?l+
l+.17
\.57
b.5z

5.29
3"r7

10"99 I
B

9I
7

8,98
g"b5

10.82
g.8g

ô

a

O l+5"tt

a

7ðl+
6,59
?.3r
?.03
6.ag

5.gB
3.97
6.rt
5"j6
9.6o

o1
7t

5"o5
,.83

IOTAI
Average b"52 ,"87 ?. 08 8.79 7"63 5.71 39"6

arl Ðeterruined fron North Pl-atte evaporation reco¡rls by rnuJ.tiplying s¡¡nken pan evaporation rates by 0.91+.
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Frenchnan Unit

A study publlshed by the Mlnnesota Resor¡rces ccr¡¡nisslon ras
the basls fär- deùermining nonthly evaporetion raùes flm the reser-
uoo.t/ A series of cha¡ts shoiving the ¡uea¡r rese¡,voi¡ evaporatlon
ratefby months over the entíre area of ühe United States was

presented.

For ùlre April through september perlod, use $as made of actuå1
evaporation reõords at, North Platte, Nebraska, corrected to f¡ee
water surface eva¡loratlon, table 3?. These eVaporation rates we're

shlf,ted to ùhe Enäers Resèrvolr area by applying rnonthly fecüors
talcen frc¡n the rnean aonthly evaporation ourves ae published by the
Ml¡rneeota Reeor¡rces Connlsslono

Factor

--o'71.06
1. Olr
1.05
1.03
I.03

Records of evaporation are not colJected aü the North Platte
statton during the winter hecause of freezlng weather, thereforet
evaporati-on rãtes for Enders Reservoir rYere assuned to be the sane
as those for that eree as publlshed ln the l[eyer study.

lþnth
F¡rr
uay
Jrne
July
August
Septenber

bnth

January
February
March
0ctober
November
Desenber

0raporatlon
rate Ínchee

L.35
2.1r0
I+,95
2.85
1.L5

Oross evaporatl-on in inches deternin€d for Enders Reservolr is
shovm in table 38¡

PrectpltatLon over reservol¡r--Rru¡off flon preclpftation ln tfÞ
reserîõTiiãffllrffi[lTãÍyæl, üherefore, all- t]re precipl.tation
was considered to be coneuned rithin thaü area. Preaipitation over
the reservoír 1s considered the sa¡ne as that recorded at Inperial¡
Nebra":kao See tabLe 39j

Net reservoir evaporation.-Net reservol¡ evaporaùion loss is
conpulõ fã-fEf6 Efffæn-ce-beüreen futr¡re and past consunptive
uses frc¡n the reservob area. For thfs study, the net evaporation
is ccrnputed ae the g?oss evaporation fþom a free rater sì¡¡face ¡o:inus
preoipitation or¡er the reeervof¡ area. The neù evaporation 1n inehes
detenufned .for t¡ders Resen¡oJ¡ is presented i¡ table l¡0.

@s arìd ReservoÍrsrn published by the Minnesota
Resources Comnission, June 191+2.
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Gross evaporatlon froro Ðnders Resenroir g/ (fnches)TâbIe 38.

L929
1930

1931
L932
t933
L93b
L935

an.

L.25
L.25
L.25
L.25
L.25

1.25
L.25
L.25
L.25

L.25'L.25

1.35
t.35

t.35
L.35
L.35
1.35
L.35

r.35
L.35
1.35
L.35
L.35

L.35
L.35

l¡.60
5.1¿8
6.23
6.37
\.95

5

6.7?
7,67
5.87g.#
I+.27

6.39
6.o3
l+.63
6,?6
5.31t

8.oa
ó.83
g.b7

LO,35
5.76

8.90
6.70
7.70
9,L9
9.76

7.36
5.89

8.82
8.05

10.13
B.l¡7

ro.52
L3.L2

u.5l¡
9.1t3
9.92

11.36
10.38

7.92
7.75
9.66
7.53
6. B0

8.31
7.97
5.7b
9.33
8.29

9.V
B. ?g

10.17
8.81
7.99

6,96
ó.38
5.11¡
8.71
6.j.3

6.L6
b. og

b.95
Ir95

\.95
\.gS
l*95
L.g5
b.95

b.g5
b.g5
b.g5
l*.g5
b.gS

b,g5
I+95
b.95
l¡.95
b.95

t.b5
t.l+5
1.1r5
1. ¡¡5
t.b5

r.l¡5
r.b5
L.b5
t.l+5
t.l¡5

,27
.ltz

6z.oS
57.L7
57.ú
ól¡' 50
óLl¡0

5L.b2
It?.97

5i.gt
I$.27

a a

85
85
85

5z
hs

5.39
b.33

a2
2

L.25
L.25

l+o

ho

l¡O

Lo
l¡o
l+o

ho

2.ho
2.1¡0
2' l+o
2' lro
2.ho

t.ltí
1.L5

2.85
2.85

l¡.01¡
b,6

7.81¡
6'3,8

ó.1+l+
ó.01¡

l+P

?I5

2.
2.
2.
2.
2.

59.1$
fi.71+
58.51
68.39
52.?8

2.85
2.85
2.85
2.85
2.85

?.¡È
6.0?
6.)$
5.L:'
5.ú9.67

Sz.55
bB.óg
5l+.OO

t"lr5
.t.l¡5
l.l+5
1.1r5
1.h5

-J

2.
2.
2.
2.
2.

L936
193?
1938
L939
19h0

191¡1
1912
191¡3
19Ll¡
191¡5

19l¡ó
19l¡?

L.35
L.35
L.35
L.35
r.35

L.25
L.25
L,25
1.25
L.25

5.91+
6.%
5.b2
7.29
7.85

5ðIt
5,o7
h.l¡6
lþ89
l¡.8h

8.33
6.9b

6.27
5.78
6.82
7.03
5.#

5,89
lr.8a

l¿.00
l+.01
5.ta
3.W
3.98

5.ffi
3.39

2.1¡O
2.bo
2'l¡o
2.1¡0
2.b0

2.h0
2.b0

L.25 a7
6
7
7
6

85
85

2.85
2.85
2.95
2.85
2.85

2.95
2.85

\.95
b.g5

6.33
5.52
5.77

5.zo
6.oo

56
?8
53
2\
27

a

7.22
7.98

t.h5
LL5

Averape 1.2Ç 1.35 2.b0 h. 8l¡ 6.22 7.36 9.23 7.86' 5.88 lrgí 2.85 1.1+5 55.6l.1

ê,/ Oct. through Mar. estimated froo Meyerls mE)s. Other months based on correction factors for records at
llorth Platte, l{ebr, l.O? for Aprr¡ }.06 for llay¡ l.Olr for Jrme, I.05 for Jr¡lyr 1.03 for Aug.¡ and
1.O3 for Sept.
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Table 39--Preeipitation at Inperial, Nebraska-Inches a,/

tr{ar. Apr. May June JuIy Aug. Sept. Oct. Nov. Dec. TotalTear Jan. Feb.

t929
1930

o
I

3
2

.15

.50
L.53
l+.68

1931
L932
L933
r93h
L935

L936
ll937
1938
1939
19b0

19l¡1
19h2
191¡3
19hL
r9b5

1eL6
19b7

o"52
o.?1
O.Il+
o -70
0.68

o.05
o,2I

L.22
0.85
0.20
L.25
o-¡8

o.IL
O"Il¡
0.32
o,h2
o,o?

o,32
1.1+O

O.Il+
o.75
a,25

0.15
I

o.hl+
0.50

2.2A
o'j¡5
1.07
0.Lo
O;39

0.88
O.8lr
1.17
L.56
2ål+

o.g3
a.93
1.16
r.27
0.20

1,89
1.Or

r.25
0,21
3.62
1.71
o.?h

2.rh
o.57
2.h0
1.8b
9.2L

l+.51¡
2.1+8
l¡.36
1.gh
1.21

3.77
3.ú

2.22
?.t7
o.7l+
b.87
3.ro

3.75

3.tL
5.32

3.L5
l+.91+

1.13
0.36
0.?0

2.5t
2.00
1.91r
o.lr7
2.zl¡t

3.w
I.l+5
2.73
l+.68
r.92

2.ù1
r.g8

o.67
3,96

L.55
2.3L
e.59
2.6l,)
2.20

I.l¿6
2"06
o.gh
2.20
1.1r

1.20
3.1$
a,96
o.&
2.18

2"29
o.h6

3.92
r.38

o.62
o.8g
3.ro
r.7g
r.5g

O.5l+
0.70
3.58
o.3l¿
2.82

2.1r0
\.zz

o,3l+
o.116
0
0.11
o.57

0.38
0.61r
0.02
0.18
L.55

r.57
L.5g
o.68
a.6
1.08

2.98
o.56

T
a.26
0.16

T
o,36

1.h6
3.3b

o.7t
0.10
o.u
o.53
o.80

o.2b
a.97
0.28
1.16
0.18

1.31
o.73

o.l3
o.22

0.63
a.5g
I.18
o.b7
O.OI

O.2lr
o.5h
o.u
o.8l¡
o.72

o.95
0.38
0.96
0.36
0.2h

25.5o
3I.lr2

L6.'T
19.36
22.1r8
th.88
20.h?

lt'.55
IL.L6
19.19
I+.95
L7 "59

20.28
31.31
ilt,27
22.ú
L9.72

0
0
o
o

1
o
o
I
o

.32

.1¡3
2
7

L.63
r.68

l.69
l+.1+9

2.9É
0.18
I.L8

.30

.5o
1
o

25
OI

T
2b
o5
l+l¡
0l+

I
5
l+

3
3

3
3
o
5
2

o
2

2.28
9.2r
t.25
2.W
2.88

.75

.25

.80

.6

.61

.67

.36

o9
88
77

3
3
2
h.6g

\'\rt

.¡+6
,65
.gJ
.l+7
.89

27
55
23
73
he

22
TB

.oL

.65
o
o

.8lr

.8lr

.L5

.22

.80

.ho

.2h

2
6
0
o
2

3
2

l+?

58

At/êlrâtr'e lrQ a"52 1.03 2,27 3.2O 3o.

Z/ ü. S. Tfeather Burea¡r Frblished reeords

"lr? 2.1$ z.zo Z.og I.o5 a.65 o.lr9 L9.99
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Table hO-l¡et evaporation from Enders Resenroir y' (Inches)

ear €lII r Oct.

2.55
O. ?3

h.6l
¡+,1+9

\.95
L.8¡+
l+,38

l+"57
h.3t
l+.93
l+,77
3.1r0

3.38
3,36
)+.27
l¿.29
3.87

De

o.82
0.86
o,27
.o.gg
1.1¡lr

1.21
0,91
1.28
0.61
4.73

a

L"25
1.O1
1"20
0.81
1.21

o.73
0,5h
1.11
a.55
o.57

\to\

l929
1930

1931
L932
1933
193¡+
L935

L936
L937
1938
L939
191+o

191+1

191¿2
191+3

19ld+
t9l+5

191+6
L9lfi

1"00
o"2h

-c.02
0. ?o
1.O2

-O.ll8
0.76

1.20
1.olr

0"o5
o.85

r.g6
1"90

o,20
2.O5
1.33
2"00
2.01

3"17
-1.72

1"L0
l+.08
1.06
5.1$
6.6l.t

7.L7
2"b2

0"12
3.28

L.3g
-O.lr9

20 10
2.75
2.68
2"32
2.A5

2"85
2.59
2.69
2,85
2.1$

26.77
18.00

l+2,98
38.38
36"OJ
53.5t
31.81

L6.50
h2"71
37,87
l$,55
L3.8t

32"27
u.38
39.73
29.36
29.25

o
2

2
o
3
6
3

L3
fr
$
10
97

2t
2L

.oJ
93
28

oa

o

0
0
1
o
0

1
1
1
0
I

"52
.56
.23
" 
8lr

.06

.lú

.l+7

.zlt

.11

.24

l+

0
3
l+

2

2.
1.

o.25
o.76
1r.98

-r.96
1.37

\.gg
1.03

20
35

1,32
1.23

6"1+2

5.68
1.56
8,37
3.5t

6.76
5.66

-3.85
6.6e
6.09

7.66
6.72
9.23
6.61
6.88

29
.37

.98

.53

.39

.76

.97

.03

.h3

.98

.gg

.Ih

¡+

3

6
3
9

t2
B

9
7
7

10
I

2.gg
3.51t

5.80
\"26
B" 73
5"1¿8
2.66

b"63
7.10
3.1+7
7.72

-b.9¡+

76
65

91
99
38
19
Iú

31'hl+
3A.69

o.F
1.07
O.l+9
L.0g
1.21

1.hl
o,8o

l.gT
l+.39

1.80
3"76

b,g3
7.52

6.79
5.18
3.33
3"62
3.fr

.36 3.32
"29 -2"75.51 ó.tB
.6h í,:,a.09 2.97

1"03
-o.05
1.21
o.60
1.10

1.
1.

1
1
1
o
o

1
I
1
1
2

h.og
1r,86
o.gL
J.1B
h.10

5.8t
2.82
L"93
,l+.50
ó.01

,l+.81
0.13
1.Bg
3.56
1.67

3.85
o.57

c

5.92
l+.96

11
82
38
67
l¿6

T2
76

I+.1+5

6.3o
5,93
2.85
L.88

6
3
6
6
1+

2"61
2.28
2.57
1.69
2.67

1"5h
2.12

0.51
1.39

Anerase 0.76 o.B3 r.i7 z-ET 3.02 3.9o 6.7L q,.6q 1^79 3-90 z.zo o"9ó 35"69
Gross evaporation less precipitation at Inperial, Nebr.aska. Negative values indicate the a¿nount th¿t
preeipitation exceeds g:ross evaporation.

zl
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Þencluan Unlt

fo f¡cltltetc eorçutstlon¡ neceosery ùn
reaervolr operatfone¡ a acries of curveer one
evaporaùlon¡ rere drarn by

ordlnates and
plotting the ¡'eservol¡ conùcnt lir lr000

8srê-feet aB eveporatLon loee ùt It 000 aarc-fclsb as
ebccÍ4s88. By enüering ühe cr¡rrg rlth an e"erage raservol¡ contcnt
a¡¡d tÌæ nonthly er¡I¡oratlon
tlon Loss for any'nonüh ras
cü¡reô are elrorn in e¡Ìrlbtü

Seepaec

rate fn inchoc the corresPondtng
1ûûlceted' The reservolr evaporatt'on
L5,.

Iü ls e:rpecùed that sone seepåge ri1l occur fro¡¡ Enderg
Estfuåt€s baaed on ßBologLc a¡rd construotlon d¿ta obtalned aù tho
cfte indioeùe that the acepage loss'frm the reserïtir 1111 be f?oû
O to I cecond-f,ect. In tho operatlm etuÅy a constsnü ssepage of
5 cscond-feet or 300 acre-feeù a nonth ¡Íes used. Thls reepage rag
not used ùo saùlaS any of the lrrlgatfon den¡¡És but rvss ¡11s7s{ !9
pase dormrtreær

weùêr lltilfz¿tlor¡

A rescrvol¡ operaüfon sttdy shorlng the watcr dellvery on a
nonühly baclg has been nede to deterrnine the adequacy of ùhe retcr
supply avallable to 'ôhe r¡nlt for developnent. The etudy ras baeed
rÐon råtêr Eupply and clj-naütc conùitions existing durlng the perlod
1929 tlt¡gtth 191+7, Thie perlod ras selecùed for the study becauso
tt lncludæ the IO-year perlod 1931-19¡10 which ls consldsred to be
the nogü orttlcel period of rater suppJ.y thaù lras eyêr b€en etperf-
enced in ühis area. ft is reasonably certatn that lf tlre reter
eupply la enough to satlsfy conditLons extsülng during this pertod
rithouü lntolerable shortageo¡ ttrat there r.tLL be aq adequate rater
sr+ply for all the planred develoçment, The 1gl¿0-191¿7 perlod'of tha
atudy suppller lnfornrei.j.cn as to conditlons nhen the rater supply ft
nore nearly no¡ralo t'¡¡e rêcØrde of etresß flsr during this perlod
are alao acmerhst nore conplete than those for the previous perfod.

RecervoLr oosrationg

Ths operaüfon otudy 1s basad upon condltlon¡ arpecùed to exlsù
fn the Er¡dsrs Regepofr after lo years of uge. rt fá estjmated theù
the storage oapaof.ty at this tlne 1111 be dccreacsd frcn¡ the infùfal
contenù by 101000 apre-feet due to sccunulatlon of sedl¡oent,tn ths
reserroLro l{eter availeble for developnenü of the unit ras
afùer n^lfng depletlons for all developent that wl.ll occurplvate developnent of *rigatio¡¡ a¡¡d ponder

due to

lable l¡r ehors ùhe cornputatrons nads ln üÌre operatron etrrdy¡
The -fc.iloning operatlon crlùerla rere ræed rn natclirg ùhe cperatlor
atuCyr

I

K5002297
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Frenchuan Unit

1¡ Method of neeting irrigation demands.
êr Sectlonal galns available for dlversion at Culbertson

Ðiversion Da¡n ryere flrst diverted to neet irrigation
demandsr

b. fnigation demande not net by sectional gaine were net
by releases from Enders Reservoir.

2. Requirenents fo¡ other than írrigaülon de¡nandso

år Hisùorlcally, no negative sectional gains oesurred in
the section of the creek between Enders Dam and
Culbertson Diverslon Dan, therefore, it wae not,
necessåry to nake releases from the reservoir for
a¡ry purpose other than irrigatlon deroands,

Evaporation losses rere deùerrrined in accordance rith
t'he reservolr content and nonthly evaporation rate.

Seepage was estjnaùed to be 30o acre-feet per month.

3. Reservoir content.

b

Co

A.

b. No reLeases cor¿d be made frm ühe reservoi-r rhen it
was dra¡n dorm to a content of Jr@O acre-fêot¡

IntegratLon of operaüion w1üh other uniùs.

âc .No reLeases from upstrean reser:r¡oi¡g rere made to help'saülel} demar¡ds in this writç

bn No rel-eases were nade to help meet do¡vnstrean denåndsr

by colrmn explanaülon of the operation t,abLe lr1 fo[o¡r¡g:

Shows the yeare through which ühe operation str:dy was nade,
naoely 1929 ùhrough 19h?,

Shows the nonùhs for each year for the operationaL perlodc

1læ depleted inflorv¡ table 23t Ls the hisùoric flow at
Endere Darn less the anticlpated depJ.etione þ fuürre derælop-
ment above Bnders' rt is the water considered available foi
regulatlon,

EVeporatlon rate¡ table h0, is the net reservoiJ evaporation.

B3

The reservoir lrrlgatlon pool 1s fr¡J.I when the resefl¡oir
reaches a content of 3l+r000 acre-feet. Any water avail,-
able for storage after tlrls content was reached was
epllIed¡

h'

A col-umr¡

I.

Z.

3'

l+'

KS002303



t?enctmar¡ Unit

5t Evaporation loss 1s obtained by enterÍng t'he evaporation
chart, exhibit J.l, rith en average reservoir content, as
deter{rined frcrn CðIunn LL, and ccrnputing ühe loss therefYon.

Seepage is estimaüed as 5 second-feet, and nras allo¡ved üo
pasi dornsùrean to roeet public heelth end fish requiranents.

6'

7. Sectlonal gaj.ns beùween Enders Reservolr and the dlverslon
dan at Palisade. the sectional galn¡ table 27, Ls t"he

hlstorlc gain in excess of anticipated depletions by future
prlvate developnent above the diversion dam.and below Enders
Reservol¡.

8, Total diversion requirements for 22r9LO acres i¡ the F?ench-
na¡¡ Unlü. See table 36o

9. Deroand on the reserr¡oir ls that portlon of the diverslon
requlrenents not supplied by the sectlonal gaino It is
obiained by subtraciing Colunn ? fYcur Cohnn 8.

l-0" Change ln reservoir eontent ls conputed as follows:
' (c"r] 3)- (cor. l+coL,- 6+colo !+col-r12-0o1. J-h)

Il_o The contenù at the end of the nonth equals the content at
the end of the prevlous mont'h correcÙed by the change in
content as computed 1n Col. 1O¡

L2. Sho¡rs such spilJ- as mey be necessary üo avoid shcrulng a
content at the end of arry rnonth (Cot. ff) greater than the
capacity of dead storage pooJ- pJ.us the lrrigation pool or
greater tåan 3LTOOO acte-feetr

f3" traste passed downstrean at Culbertson Dlversion Ðan 1s
oonputed to be that pa.rt of the sectional gaÍn noü dlverted

. et the diversion då¡0. ft is the seepage, Colo 6, if there
is a denar¡d on the reservolr i¡ Col¡ 9. If there is no
demand on the reservoir ln Col. 9t il 1s toL. 6 plus CoJ.; 7t
corrected by ar¡y dlversfon requirement ln Cole I which 1s
supplied by strean accreüfonsr

Ll+' Shc¡ws er.rch shortages as nay be necessary to avoid showfng
e content at' the end of any month (Cotn tI) less than the
capacíty of the dead süorage or S'OOO acre-feet,

Table l¡2 er¡nnarizes the Enders Reservofr operat,ion study by years.
Thls table shows ühat it yas necessary to sp{]] water fro¡n the rês€r-
volr 1n every year of ühe study e:cept onen The average splLl for the
pebiod of study was 1ór2OO acre-feet per year. There would have been
5 years fn rytrich it wor¡ld have been imFosslbl.e to ¡neet the entlre
demand of "1'1. the irrigated l-ands. Thè J-argest shortage was one cän-
pubed lot 1935, when L111800 acre-feet could not be deU.vered, This
shortage rould have been f3.3 pereent of the consrmptive use requir€-
ment for the unitc

Blr
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Table lr2.--srrnmary of reservoir operation - Enders Reservoir

(unit - lroo0 acre-feet)
Div"
Reqt t.

I,iIaste
Passed

ïear

r928
t929
193CI

1931
L932
L933
1931r
L935

19h1
191+2

19b3
191+b

L9ì$

Depleied
i¡fl-t¡w

52"9
5i.8

55"lJ
55.o
56.7
53.9
t9.8

59.b
62.6
52.b
57.5
56'6

Res. Losses
a

Pickup
End.ers to
Palisade

Irrig.
Denand
to be net

Res" Coni;.
End of
lear

3l¿.0
20"h
3h.0

20.7
20.1+

3b"0
:-5"3
28.L

3h.
33.
1¿1.

25.
3h.

5
I
I
o
3

o
o
6
2
0

o
7

3b.
16.

91022

13"3
10"?
0

11,2
o

Sheet 1 of 2

downst'nean rl

zîs
1r1.3

L3.g
18.7
25,2
l-801
'll¡5.2

17.8
l¡"1+
18,5
12,h
L7.7

30.1
33"5
rh.7
30"7
Ili.3

25.8
23.7

23.8

a a

o
o

o
0

i
oo

39
11

2r5
2.O

b"2
3,7
3.8
l+.1
3.O

3"6
2.8
3,7
3,9
b"2

3"7
1.9
3.2
3.0
3.2

23.7
rg.7
27.3
20.1
3l*.0

32.0
35.7
21.0
É"5
29.5

33.h
3l¿'t
29"o
58.t
27.3

58.8
52"5
3L"g
58.8
bo.6

L7.7
26.O
58.0
27 "318.9

21"0
23"6

27.5
13.9
Oof

L5.g
12.8

15.7
0
b'1
h"g
2.,

20,7
32.1
13.h
13.0
22.L

2LL
33.r

¡h"8
11,1r
o

12.3
o

3.6
3.6

3.6
3.6
3"6
3"6
3.6

3.6
3,6
3.6
3"6
3.6

3"6
3*6
3.6
3,6
3.6

3.6
2.7

35"3
5t.o

h8.8
?)r.3

l+3.1
l¿9.8
l¿?,0
68"2
l+0. B

68.f
61..1+

Lh.3
?0"1
60.5

ho.1
26.L

20.
30.
39.
2b.
t5.

0
I
6
6
I

o
CI

0
7.9
o

0
0
0
9.1
0

fi t936
L937
1938
L939
19L0

52"
l+9"
53.
h6.
58.

13
L)
25
1l
20

0
I
3
1
2

2
I
9
7
7

23.
31.
67,
36.
36.

9

o
o
6,
0
o

o
0

o
o
7.lt
0
0

r9b6
L9l47

3.3 3,6 3l-"7 hó"8 35.b ùr.7 16.2

0
o

2"9

2B.h
22.2

56
L3

9 3
2

9
9

33"
2b.

5
63

lota1
Averaee 55*2

e

ô o

g/ fneludes seepage, but, d.oes not include spills.
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lable h2 (Contt)--Sunmary of reser¡roir operat'ions - Endsrs Reserçolr

1931¡ ]1936 L917 ]1939 l.9l¡3

lotal diverslon shortage (1r0O0 ac-ft)
Dtverelon short'age ac-ft /ac inigated
Shortage to erop in ac-ft/ac
Conerrnptf.vê usé requirement ac-ft/ac
Shortage ln peroent of consumptlve use

0.9]
o.ho
0.21
2.67
7..9

1l¡.8
o.65
o.3b
2.55

1l'3'

11.b
0,50
O,26
Z.l¿L

10,7

L2'.3
0.5L
0.28
2.1t9

11.2

7.1¡
o,32
0.17
2.1t7
6,9,

,trr.^:8) io, 0 h

86
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llenct¡na¡¡ lfr¡lt

the conputaticr¡ of shontages in pcrccnt of tha consuqtl'ne use
I's chcr¡r on sheet 2, t"abl:e Iû, The actuar shortage wag f,lrsü cori-
vert¿d to acre-feet per acre by dlvidlng the total dlversfon thortagê
by 22$LO åctae¡ the lrlgated area ln the unlù. The shortagq to tbo
crop raa then cmputed by conpuü1ng the a¡nount of the dlverglon short-
age that rould be lost dr¡e to ffu 25 percent canel losses and t'he 30
percent fa¡m delivery losses. The shortage in percenü of consuryüfw
we ls the retio of the crop shontage to annual consumptive use.

I¡*riblt 16 ls a graphic che¡t shorlng the proposed operatlon of
Enders Resernol¡. ltree hydrogrephs are shown on thfs chart. Tha
Ì¡f,rograph at the top of ühe cha¡t ehøs the water thet rlIL flsç
fnto the resenvoi¡r

The second hydrograph shows the total dlversions that nusü be
nade to roeet all irrlgation demandsr lbe aoor¡nt of this çater that
is erpplled frcn reservoir releases, ühe aroount that ls supplfed by
dLrect reservol¡ inflow, and the anount that' rilI þe suppl-ied flon
sectlonal gains is shffin. ff the divereion requirenents vrere not
net the ehortage is indiceted.

T¡æ thl¡d trydrograph on this exhibit shørs the reservol¡ content
and ùhe eptlIs f::on the resefi¡of! ùhaü nere nade afüer the resorvolr
ras filled.

Releases for Public Healüh Servlce.-studies ¡nade by the Publts
¡tealtffitñãF[Fe::¡Ted flor of IÌenchra¡r Creek at,
Waureùa and Cr¡lberüson¡ Nebraska, is b second-feeü during the gr¡n#
nonühs./ This requiremerrt rilt úe met rithout naklng reÍeeses &c"
E¡ders Feservolr prf.narlly for thfs purpose. fhls 1Ë poselble bacarü
ft is eetlm¿ted the seepage frqu Enders Reservol.r wíIL be 5 secord-
feet, and thls seepage 1s not used to sr¡pply irrfgatlcn daa¡rdsr Th.
estin¿ted flor of Frenchnen Creek at Culbertson afber developnent lc
shor¡l 1n teble lr5. Th:l:¡ flow rr{11 be nade rp of the retr¡.n ilors ftø
additional dl.versions for develoçnenü o.f new lands, table 2j, the
Itlstorical accretions of flcrrv bet¡reen Pel.isade and Culbertson, tabls l¡l¡¡
¡vastes paesing curbertson Diverslon Ðam and the seepage and eiitrs
floa Endero Reservoir. The hlstoricar e::cretion of'- {Lor ras ãeter-
nlned by subtractÍng the historfcaL flow aü palisarie, tablå ó, lbø
tù¡e hisüortael flqn at Culbertson¡ tabie fe

!9391 pagsing the unlt grþ devglo,fnent

The esti¡nated flow of Frenctman creek at. culbertson¡ tabre l¡!,ls deterïined as the-flgw.that wlrr pass the unit afber oeve:.opneñi,
lttls !:.o¡ is ccmposed of the $n of ltre spirls, seep-rge a¡rd raätes
frcm Erders Reeervol¡r table ¡ as dgternrined'by tire-operation sttdy,pluo the accretfons of'Frenelrnan Greek, table l¿l+,

&g¿ig$ for fisb and wíldti*
No water releaseg f,ron the reservoirs for reguirenents of ffsh

have been ¡nade tn tlrls strrdy. rn the past the nepuuttcan Rfver hes

@er Pollution fnvestigationrrr PubLic Health
Serrrice, Juna 19119¡ P. 121. 8?
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lable lr3--S,tn of spi1Is, seepagé and wastes in the operation study of End.ers Reservoir

(unit - looo acre-feet)
lear Jan. - Feb. l,{ar. Apr. llay June July Aug. Sept. Oct. Nov. Des. Total

t929
1930

193f
L932
1933
193h
L93t

1936
L937
1938g rgie
191¡O

19L1
l:9IÊ
19à3
19Llr
L9t$

19L6
19lfi

B.o
2.9

6.9
2.2
3.2
9.1
3.lr

2.5
0.9
3.0
2.9
o.9

3.6
6.9
6.5
1.8
2.r

7.5
7.b

9.1
2.3

6.9
2.r
3.8
8.lr
?.5

7.t
2.o
2.,
2.lt
3;3

3.L
7.8
7 ,lr
3.3
3.3

8.9
2.8

6.9
6.9
6.0
8.3
3.5

9.o
2.2
2.3
7.LL
lr.3

r,8
5.lt

6.r
5.6l.t
0.3
0.3

O.l¡
0.3
o.3_
0.3
o.3

8.7
9.8
a.3
7,2
h.o

0.3
0.6

o.3
0.3
0.3-o.3
0.3

0.3
0,3
0.3
o.3
0.3

0"3
0.3
0.3
2.9
0.3

0.3
5.6

0.3
.3

0.3
0.3

3.2
8.3

0.3
0.3
0.3
0.3
0.3

3.3
g.6

2.9
2.o
1.8
2.7
2.6

5.a
11.9

2.\
L.7
7.7
2.8
213

2.6
2.1+
2.4
0.8
5.a

7.L
2.7
2.1
2.b
5.7

7,7

to.ç
6\.9

50.8
6r.6
28.1
L3,?
36,L

lfi.z
56.8

o.7
7.o

9.6
ß.5

.3

.3

.6

.3

.3

.3

.3

.3

.3

.3

.3

.7

.3

.3

.3

.3

.)

3.h
h.9
0.3

0.3
7.6

.5.9
5.7
0.9
2.O

2\.9

g.i
0.3
8.1
0.3
0.3

7.5
aL.2
0.3
9'8
l¿.9

3.2
8.7

0.3
18.1

0.3
3.3
1.ó
o.3
2.8

e.5
IL.2
o.3
8.7
5.7

2.\
IL.6

0.3
o.3
h.I
0.3
0.3

0.3
0.3
0.J
0.3
0.3

1.1
3.5
0.3
o.3
0.3

0.3
0.3

0.3
0.3
0.3
0.3
0.3

2.L
2.3
3.2
1.6
1.8

a.7
1.8
1.6
1.7
2.r

Ll.l+
32.6
31.9
3lr"o
58.0

33,5
th.h
22.6
u.3
20"2

3,9
9.7

.5

.3

.3

.3
0.3

8.2
l¡.0
6.9

2
o
0
o

7.9
8.2

6.9
7,4

6"h I'
Average lr.3 b.8 6.2 3.2 6,7 L.9 a.7 0.3 o.7 l.h 2.7 li.I l¡o.o
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Table l¡f¡"-*Historical accretions of Frenchman Creek betryeen Palisade a¡rd Culbertsonr

(unit - 10oo acre-feet,)
Iear 0cto Nov" Deco Jan. Feb" l[aro Apr, Ua$r Jure JuIy Aug" SeÞtr Total

1929
L930

1931
L932

L935

L936
L937
1938
L939
19ho

1o

1.8
o.g
L.3
1.3
1"1

L"g
2,1
2.2
1..7
1.9

-1"b
1"2

1o
1.

-2rs
2"2
2"0
2"6
2.3

2.'b
2"2
2o2
2.o

. 2.O

2"8
2.3
2.3
2.L
2"2

O"2
lr'o

2"r
2.2
2"b
2.5
2 

")+

2"3
2.O
2.2
2'2
2"O

2o,2
2,It

3"0
2.6

2r7
2.3
2.5
2.2

2"3
2"3

3.0
2"1

2"1
2"t
2.0
1o9
1"9

2"O
2o0
2.0
2,r+
212

2"7
2.L
3.1
2.2

2"0
2.3

2oI
o"2

2"O
L.9
1.9
r.1
6.6

2"3
I"l¡
2.I
1.6
1"8

2.r
3.O
1.5
216
1.9

6

3.2
L.5

Lo5
2.O
o"g
2.2
t.g
2"O
2"h
2"3
2"o
5"o

213
2.7
2,O
2"2
2.lt

0o7
2oO

2.o
1"7
2"O
1o0
1.2

oag
0.2

1"3
o"8
2r7
1.8
L'9

LoO
loI
1.9
0o9
\5
1,6
2.3
0,8
L.2
I"9

u.h
22r.8

L5J
23"1
23.-2
23aO
31,0

22'.3
20"9
23olt
21c0
2\Jt

25,3
27 

"82lo7
25.L
2\"7

23"5
26a2

7
3

7
7

002
2,6

2.I
2.2
2"b
2.3
2.2

2"1
h.h

loO
1;l¡
1..8
t.5
1.5

.r

.7
o6
.b
.lr

,5
"l¡
o2

.h

.lr

L933
1931r

o.

0.1
1.8
1.5
200
1.5

o"8
2"r
1,9
L.g
1.7

1'9
2.O
1"9
1.8
1n3

o0
.2
"3.g
o0

2
2
2
2
2

2
2
2
2
2

L,5
lnlr
0"9
1.3
2"0

2.A
2.3

0.9
O"9
1"3
o"g
1.3

\oo

2.3
2.2
2.2
2"o
2.3

.3
2.3
2"2
2.3
2,2

2"2
2.L

19L1
L9lÊ
19b3
rgtt{
Lgl$

.32
2,2
2"2
2.2
2.2

o1
,5

2
2
2
I
2

2
2

2.O
I.9
1"0
2.O
109

2"O
1"lt

1"2
1.h
ooB
L.3
1o?

1,0
r.2

19b6
LgTil

2.L
2.7

2"0
2"3

1
2

2"o
2.110

t

o

Average 1"6 1,7 1.9 2.2 2.? 2.h 2.2 2,r 2"h 1.8 1.3 I.h 23"2
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Table h5"-Estimated flow of Frenchrnan Creek at Cufbertson, Nebraskq after development of Ffenchnan Unit. a/

t - 1OOO acre-feet
a t 9Co

8"6
7.5

5"j
7"5

b"53
I

L929
1930

1931
L932
L933
193b
L935

Lefi
L9TI
r938

E tne
rgho

I9lù
19h2
19L3
191¡b
LebS

9"7
5.b

8"6
b.T
6.5

lL oo
5.3

6"3
10"2
10"0
6"2
5"8

L2

9"0
10"0
g"g

11"0
6.5

rr,.8
5.L
b"g

1001
7.2

ó.8
L2"5
l_0"9
?.1
9.1+

5

L2"3
t.T
9"3
7.9
3.2
3"7

fl.9
12.2
2.L

10"ó
2.5
2"9

2.?
a,.5

h"8
g.h

2"8
2"3
2.9
2"8
2"7

h.8
3.2
3.2
2"7
2.9.

5,2
ro.b

h"7
h"6
5.6
h.1
\"2

3"h
h.3
3,9
3.8
5"L

5"2
h.9
L.T
5.2
5.1

7oO
g.b

10"8
5.8
5.1

,.5
5.1
\.5
3.5
8"7

9"5
5.5
5.1
5"0
8.1

76'.9
gh"5

69.L
69,g
ó1"7
6h"3
*"8
62.5
Tû"2
5r*lr
1r5"6
57 ,IL

79"1
99"1
58"6
?5"t
6.o

78.2
78*3

9.5

5.b
7.3
1.7
3.2

23.b

3"o
6"2
lr.3
3.O
8.7

[.9
Ib"b
3"1

rr.3
9"5

5.
3,1 1.9
5.0 2"3

2.3 3"02.L 2"5
l"? 3.2
2.1+ ?.3
2.8 2.1

9.rO
b"B
5"?

12.O
6"5

6.9
9"1
9"L
h.7
L.7

8"6
8.o
3.8
2"8
2.5

2"9
2"7
2"6
3"2
3.1

11.2
!2"9
3'o

10.6
6.5

2"o
r"g
2.2
2.L
2.8

lo6
2.1+
2.3
2"1
2.5

2.3
1.6
7.5
3.2
2n8

2.3
2"1
2"9
2"2
3"1

5.L
lr"I

5.2 Lo.r
3"5 h"75"6 5.15.5 h.7
3"5 6.1

2"0
2.2
2.6
2.6
2.8

2"h
2"8
2.3
5"3
2"6

å¿-2"1
2,3
2.2
2.h
3,lú

2

9"
Ib"

L2
7.

7
6
5I
1

a

2.9
6.6
2"h
2.1
2.8

1gh6 to"1 g"b
L9h7 10"2 g"g

2.7 5"2
10"1 10"9

2"9 2,0 3"18.2 r.8 2.r2ill9a

10
10

lr.9 9"8 7o1 loJ
o

Average 7"0 7.h 9oo 5.0 9.2 ?"8 3"1 2"3 2"9 3..6 5or 6o6 69"8

y' Includes return flow frm nem Isrds, historica] accretions betneen Palísade and GuJ'berteon, naste passing
curbertson Diversion Ða¡n and seepage and spllls from Enders Damo

KS00231 1



Frenchen tlnit

drled tp during øctremely dry seaeors. Saepage fþæ tbe da¡¡s and
return flows frc¡¡ furfgated la¡¡ds are e:çected to eetablist¡ a llve
etre@ at aLl tlmes. It 1s antfcipated ttret the ¡ninl¡¡un flor require-
mente for publlc health wlII be suffieient f,on .*Lsh lrablüat require-
mentg.

Sr¡ntarY

Be¡ewoir operatd.on gtudles in t!¡is report i¡disate that during
the perd.od of, operatlon, 1929-191¡1, spÍI1o wpuld have. occurred ln ail
yea;rs but 1937' Shontages would have occu¡red in 193hr Lg36s J93?¡
1939¡ and 19h3¡ hcrever sinoe none sf the shortages would'have been
greaüer than I3.3 percenü of, the consunptive use fequlremenüo¡ the
ïater suppLy rould have been adequate for the lrrlgated aroea of
22$LO sor€Ér propoaed to be served ln the Fþencl.¡aan Ûnlt, by use of,
Er¡derg Eeservolr¡

92
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CHAPTER ITI

I(E E K ER- D RT FlTüOOD. UN f T

t

General PIan for Dev,elopnent

The Meeker-Drifüv,rcod üriit is located on the Repubiiaan River
imtedlately below the lrenton Dam, Eee extribit 2. It is ühe upper
unit on the RepubJ.ican R:Lver of the Frenchman-Cambridge Division.

The proposed plan for the developnent of lrrigatlon in thls uniü
wou-1"d prouide an adequate water supply for irrigatlng 13r?ó0 acres of
new lands on the south side of the river in additlon to furnlshing a
supplernental supply for the 2t6BO aeres presentþ irrígated frorn the
Meeker Canalo lhis would be acconplished by uüilizing the water storedj¡ Swanson Lake which is on the Republlcan River about 2 L/2 nilee
west of Trenton, Nebraska.

RePeryoir r?pgcit¿

the sedi¡ent storage requirenent for Sriva¡¡son l¿ke was determined
to be óhrOoo acre-feet for 50 years accr¡mulatlon, This estinate was
based on actr¡al sediment di.strÍbution in other Bureau of Reclamation
resen¡oirs adJusted to conform to t'he condi-tions expected to exist
aù Swar¡son Låke.

Table lró.--Swanson Lake õtorage ca¡:acity a1l-ocations

A1l values Ln acre-feet

Initiel SO-year conditíons l00-year condi
Elev. conditions (óhr000 ac-ft tions (IAB,OOC
(fü) ,Ao oedlnént sedinent) ac-ft, sedlment

Dead Storage
Car¡a1 outlet 27IO.O
Active irrig.

stonage
ïrrì-9. storage

pool (top) 2792,0
Fl-ood control

storage
Top of flood cont.

pool 2773.0
Total storage

Àifoc. Acõì¡nÊ, -fù1oã, Âcõr¡l¡, A11õ¡.

h,?OO o o
00

lt8rloo 58r8oo o

58r 8oo *-o

133rBOo 133r8OO ,1331800

L92,600 133,800
2É6,600 192.600 r33.8oo

Accum.

lrr Too

122r 8oO

256,600

+Assmi.r¡g thaù 5r 20A aer*feet of sedlnent pass€s through reservoir.

It
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Meeker-Drifüwood Unit

Operatfon studles were based upon conditions in the reservoír
estfroated to exist at the end of 50 years when the i¡rigation storage
available will be lBrBOo acre-feet. The effect of bank storage will
tend to increase the storage capacity of the reservolr, howeverr none
of this possible íncrease in storage capacity has been used in this
stu{y because the quantity and rate of inflow and outflon fron the
banks has not been established.

AcrÞs served

By utilizing the planned 58r8OO aore-feet of storage capacity in
Swanson Lake, it is plänned to serve a total of 1ór l¡l¡0 ac¡es in the
Meeker-Driftrrood Unit. there are 21680 acres irrigated by the present
Meeker Canal and 2Ll+ acres rrhich would be serr¡ed by t,he D¡:iftvvood Canal
and are now imigated by wells in tùre unit. An irrÍgable area of 339
aeres r¡¡¡der the preser¡t Meeker Canal, but not served by itrwas not
i¡eluded in the wat€r supply study beeause Ít can be irrigated fron
existing rvells. This area petÍtioned out of the Frenchnan-Canbridge
Ðlvtrs1e¡ at the ti:ne of its foÌTation. ï[ater fo¡ the Meeker Canal lands
is being diverbed fron the Republican Rlver at ttre present ti.:ne by the
Meeker ûiversion Dan, This diversion dan ls a tenporary stl:t¡ctu¡e
approxinately one uile below ú\¡lbertson. It was rehabllitaùed by the
Bureau of Reclanation in 19L7 ar¡d is now being operatæd by the Bureau
pending cørpletlon of Trenton Dam.

A surnnary of the areas in the unft that wouLd be served water for
inigation unäer thf.s plan of develop¡rent Ís shorvn i¡ table b7, The
acreages listed were determined fron detailed land classification
fl¡rveys of all the area except tt¡at which wilL be served under tÌ¡e
Driftwood Canal. CmplotÍon of the detailed land classification of
the Drlftwood area nay result in a ninor retrision on acreage used.

ürder tùris plan of deveLopnent, water lvould bo tranoported f¡on
Trenton Dan through tlre TÞper Meeker, Meeker, and Driftwood Canafs
and the Meeker Canal Bctension. The Upper Meeker Canal would direct\y
servë 5r2LO acres of new land and supply a portion of the existÍng
Meeker Canal. The Dniftrvood Canal, branching off fron the Upper
Meeker Canal, would directly serve \1620 acres in addition" to supply-
ing another portion of the existing Meeker Canal ar¡d the Meeker Carul
Þçtension. lhe present Meeker Canal and the Meeker Canal Btension
would ser^tre the 2róBO acres that are presently irrigated and 31930
acres of ner lands, The Upper Meeker Canal is planned tr¡ have an
j¡itial capacity of 300 seçond-feet, There would be a total of 53
niles of naln canals supplylng the 1órlrlr0 acres in this unit.

g'l-t
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!treeker-f if üuood tittü

Table l¡?r--Areas senred ln the Meeker-Dríftrood llnlt

Cenal
Present¿y
irrlrated

Nar
Lands Totå].

Upper lleeker Cana1
Drlftwood Canal
llleeker Canal Þrt€nslon

fotal

5r2ro
Lr376 620
3,9n

T3;9T6

o
2tù

2.680
2,92b

5,
lrt
6.ó10

:óim

zLO

Tllater Resourcgg

thle süudy ls based upon ühe depletæd waüer supply that ril1 bc
avallable to the r¡niù after all probabJ.e future upstream developønt,
takes plaee in the Republlcan R:lver Basin. For this reason it wac
necessery üo determine the future depletlons to the rater supply
tlraù will talce place aboie ùhe r¡niü by elL probabl.e futr¡re E¡reau
and private developnent before ùhe weter avaiLable for storage ln
Snanson lake could be deterni¡ed. The Upper Republican Divigl.ont
see locaüiotr rnap exhibft 1, includes a1l ùhe drainage areå above
lrenton Dan. Depleùions nade i¡ ùhe water supply study for develop-
nenü of this t¡riit are lisùeci i¡ table 51.

The þper Fepubllcan Dlvislon lies in ùhe statæs of Coloredo, Íanras,
and Nebraska. The nain streems in t'l¡e division are the North Fork of
the RepubLicen, the Arikaree, and'the South Fork of the Republican
rhÍch drain lnùo tJ¡e Republlcan River. The pì.an for developnenü of
the Upper RøpubJ.lcan Dirrlsion caLle for constÍt¡ction of lr resenroirs
ln ùhe 3 r¡¡rlts of the dl'¡ision. l{lay ñeservoir on the Nort'h Fork of
ùhe Republlcen River would store rvater for developnent of ùhe Nortl¡
Republlcan Uniü. The Ploneer Dan on ùhe Arikaree above ùhe Nortù
Republlcan ünit rculd regulate f1ood flows. Bonny Reservoir on tl¡e
tl¡e South Fork of ttre Rqpublican'nould stor€ rater for developnent
of ùhe Sù. lïanclg Uniù, Parkg Reservój.r.on Roek.'C:.'aek'ilould store
water for the developnenü of the Benkelnan llr¡it. Sùorage allocaùists
for ühe vêrious reserrcirs of the tÞpef Republican Ûivlslon âre shoun
ln table b8.

Evaporaùlon losses frø these reservolrs were deùenníned by using
the gsme general procedure Èhaù rvas used in detem:-ni¡g evaporation
Losses fron ttte reservoj-rs of ttte Frenchnan-Canbridga ûivision. the
annual evaporation losses fron the reservoirg of the Upper RepubJ.lcan
Dlvision are shotrlt in ùabl.e 51. ÞVaporation loEses fron reserr¡oirg
are shoìrn üo be 30 percent of the toùaI depletions üo the waùer supply
due to the probable future developnenù of the tÞper Republloan Ðivislon.

95
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Table h$.-Reserr¡oir storage capacities for reservoi¡s in llpper Republican Division above Swar¡son Lal¡e

(Storage in acre-fee_t)

---_eõnsênragion or
Dead at End of

Resenroir Fi¡st 50 Ïears
5o-Tears
Sedlnent

5oo

5oo

9r0o0

Active Irrig.
at End of
First 50 lears

Irooo

10r000

33roOO

5r;mo

FIood
Cø¡trol Tota]'

grSoo

lor5oo

175rOoo

wrEY

Pioneer ar/

Parks

Bonr¡y !/

o

10r0oo

0

110o0

110oo.

73rooo

o

132rOCIO

2oór0oolota].
\oo\

Z/ 1o be constnrsted by Corps of Engineers

y/ Under constrr¡ction by Eureau of Bec}æation. Estimated to be complet'ed by IÞcenber 1950o
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Meeker-Driftroo d Uni.t

Depletions for private developnent, depletions d¡e to the develop-
nent of farm ponds¡ æd depletions due to inigaüion developnentl as
well as the above evaporatLon losses were deterrnined in the water
supply stu{y of the Upper Republican Ðivision.

À tot"f of ór?OO acres has been considered as the area.which
rÉ11 be developed by future privaüe developnent of irrigation above
or in the Upper Republlcan Divisi.on. The acreages of the areas where
probable future private development vri1l take place are listed in
table l¡9. Depletions to the rater supply avallable to the unit are
estinated to be equal to the consutpüive use of Írrigaüion water. Thê
consunptive use of imigation water for prÍvate developnent was deter-
nined by using the sa¡ae consumptive use requírements and effective pre-
cipÍtation that rias detezrni¡ed for the ur¡it where the depletion dr¡e to
private developnent w1l1 occur.

The only depletlons due to pond development were cstj-nated to be
200 asre-feet per year above the Pioneer Fesen¡oir a¡¡d 700 acre-feet
per year above and ?00 acre-feeü per year belcm Bonny Dan¡. These
depletlons are i¡¡cluded with arurual depleüions in the Upper Republican
Divlslon listed i¡¡ table 51.

Acreages of the potential project ler¡ds i¡ the Upper Republican
DÍvision are listed in table 50 for each unit and a break-dovm of
the acreages j¡l each state is shown. these acreages are baåed upon
reconnalssance land classlflcation surveys. Average cepletion due to
private developnent ie shovm in teble 5f to be 23 percent of the totel
depletion in the division for the 19-year period of study.

Consunptive use requlrements and effective precipitation for the
St. F¡¿¡1sis Unit were based upon the temperature and precipitation
recorded at St, Francis, Kansas. Îæperaüure and precipitaüion re-
cords recorded at tlira5 Colorado were used for the consuçtive use
and effective precípitation deter¡nj¡ration for ühe North Republican
Unit. For Benkefunan tlnit an average of the temperature records
recorded at iÏra¡ Colorado, Culbertson, Nebraska and St. Francis,
Kensas were used for the consunptive use dete:mination, rainfall data
recorded at Benkelman wêre used to detemíne effective precipitation.

Diversion requirements for lands in the Upper Repnblican Dirrision
were dete¡mined by applying fann loss of 3O pei"cent tã the consumpülve
use of iruigation water requirenent for each unit and a 29 percent
car¡al loss to the fa¡n delivery requirement. The diversion require-
rnents for the çana1s ln the diuision are Listed i¡ table 51.

yt
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labl.o l¡9.-Areaa of probable frrture pr{-vaÈe' developmnt¡
Upper flipublican lllvlsio¡¡

lfortt¡ RepublLcan Unit

Abow Wrry Dam
tr¡rry Da,fi to Plancer llfvfsiø
PÍoneer Divlslon to Haigl.cr
Abore Ptoneer Beger"rotf

'lotal

St. Frs¡stE Unl,ü

Above tsor¡rly DsE
EeIw Bonrry D¡¡

Tobl.

Eer¡lcelnsr Unit

Tote1

totatr.

8¡rO
lr5o
,210

-,þ

Aerac

1900

lr8Oo

o

3100
r?00

ó?00

98
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Table 5O--Potential Project Lands in the Upper Republican Division

- åCJIêS

Colorado
New Gãently
I¿nds' fmigated

Kansas...Tesently Nebraska
lüew Presentþ

130O
300

1óOO

l¡¡;0

lotal
P:resently fotal- to be

Irrieated

1300

,íao

Tota].
Ner

ünit

Norttr Republican
Pioneer Canal
Haigler Car¡a1

Tota]-

St. Francie Unit
HaIe Ditch -20O
St" Francis Ca¡ral 120O

Tota} Um
BenkeLman Unit

Parks Car¡al
BenlæLnan Canals

Total

0
0
õ'

650
0

6'ø'

5n
.0

5ñ

Lands Inigated Lands frrigated La¡rds frrigated

æ30 26æ

33E

New

0
180o
]FÓõ

268n
2boo
Eõæ

7æ
3O0Offi

1300
3700m

13r8oo

520'-0

5ñ

700ffi

o
o
õs

o
1700
ffi'

"o
0
õ

o
3too
3[m

5roo

o
0
0

0
0
o

o
o
o

0

0
o
0

0
o
õ'

700

300ïffi

o
1700m
200

3000
32m

0
3Loo
3Eõ'õ

8300

0
0
0

0
o
õ

Grand Total Ûæ ItTo lBoo
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Meeke¡-Drifhood Unit,

'Reùr¡rn frows ln the upper Republican tirrision vere estlnåted üo
ba eqqsl fa 75 perçmt of ùhe differe¡¡ce betreen.the diversj.on reqrire-
ments er¡d the consunptive use of irrigation rater. Tt¡e sa¡¡e rcntJrly
dfstribuüion rras used for reùu¡n fLorg cntering the st¡Bau aa Íeg
used for tjre I'renclu¿n (hlt. AmuaL depletlons dua to tåe planned
irrlgatlon devel.ogneht.in the Upper Republican Division ale dctc¡r-'
nlned tn üable 51 by subùractlng ühe return flo¡v fræ the diverslon
requiruents. . thls ùabte shows the avtrage deplett cr for the I9-yeer
period of study. rcuLd be 3r?OO acre-feet jn tlre North Repubh'can ltrit,
5r2C[: acre-feet ù t'he St. trïar¡cis Unit, and 7r9ffi act€-feet l¡ t'he
Benkel¡ar¡ ltnlt. The âverage depletLon for t'be planned develo¡uent i:r
tt¡e North rcr,ublicen ürlt is shoün i¡ table 5f ø be h? peroent of all
tù¡e depletlons fór the divlsion.

the factors necessenr to detenoi¡€ |¡rlgetlon requirenenüs were
conputed on a nonùhly baseE. Ít¡ese requirenents rere used in a süuff
shortng the operaticn of the reservoirs in the divlsion. Thi.s opera-
tion oür{y and the retu¡n flors frorn the planned devolo¡nent was used
to detemlne teble 92, ttrc flor tùrat 111.1 pass Be¡¡kelnan Ûiversion D¡n
after develo¡nent.

the operatior studles of the regerr¡oirg in tùre Upper Re¡nblloan
DlvLsion, 1929 thrcu$ l9lt7t ¡hor there would be very fer slnrùages
and that ths reservoirs ¡voul.d spill i¡ nost yeare. the operation
sfuqy of l{ray Reeervoir ehows that no shortage nrould be lncurred in
irrigating ttre 5rOBO ecrea ln the Norttr Republican Untt. Wray Rese¡¡oir
ie shoill to spitl every year.

Pioneer Reservotr has no denand upon it for irri-gation, therefore
it rouLd epfll aver? yeer.

I?re operetiør study of Børny Reservolr shors no shortage i¡ tl¡€
¡rator supply nl¡c¡ tl¡e ir72} ecres in the St. Franois Unlù are. itrigated.
Tlre reserr/otr is shovnr 

-to 
spilJ. évety yeer e:(eepl ]':937 and 19110.

The operatlon etudry of Parlcs Reservolr shors the 5r0OO acres Ín
the BenkeLnen Unlt coulã be glven a fuI1 water supply except in 191ro

rhen a shortage of 11800 acre-feet rould have occurred. Thig shortsgg
would be agrral +ß 6.6 percent of the consunpülve use requirenent. Thã
reearvoir is shom¡ to spill eve¡ïr year except L937 and 19110.

Swensor I¿Ice rilI regulate the flow of the Republican Rlver. glgh
fl.ows and ratær that, otherryise rrou1d pass downst'reaa unused, not excçed¡
ing the capacit¡r of the írrigatfon pool, will be stored for use rhen .
the rvat'er is needed¡ lVater av¡ilable for storage ln Snanson I¡lce
rl11 conslst of the increase ín flor of, the Èpublicen Riv€r betreen
Benkel¡ar¡ Dlveralon Dan and Slvangon lalce, the flow passl¡g 9enkelnan
Dlversicn after develoBnent of the tÞper Republlcan Divicim and
ühe return flow fron 5t7@ ecreg irrlgated beùræn Ber¡kel¡an Dfverelon
and S¡ranson l¡ke.

t

t0I
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lable 52-¡'tow in Republlcan &iver Passing Benkelnan Diversion after Developnent

OVr I

].-929
1930

19h6
tglú

1931
t932
1933
1931¡
L935

L936
L937
1938
L939
IgLO

191+1

l'.glfi
191¡3
191ù
leh5

9.0
8.5

11,1+
12.r
7.I

6
1
2
1
0

3.1+
I1.2
11.5
3.5
7.6

th,6
10.1
10.?
12.0
5.7

6.o
12.1r
10.o
lr.8
9.1

11.2
9.3

lr.1
o,6
l¡.0
2.2
o.lr

L7.2
!3.5
o.g
a,5

t5,7

o.h
3.h

13.0
O.lr
1.6

0.1¡
o.g

1ó.0
o.h
9.6

O,l¡
O.l¡

I¡.8
7.3
7.5
I+.1
5.9

J.B
5.6
2.9
2.5

8.5
10.6
2.8
2.b
3.lr

9.0
3.2

7.7
9.3

L?.6
7.9
9.5

5.5
l¡.6
g.L
lr.0
3.1

7.5 5.86.9 lo.B
3.8

10.0

2.9
11.3
o.l¡
3-9

t5]..r6

L.3 3.2
2,2 9.1

63.7
85.

69.0
78.,l¡
gó.9
56.9

L06.ó

76"5
35.9
89.1+
l¡3.o
37.2

LL3O1.
tLll¡.t
h7.t
'76,7
62.ü

10?.o
1o1.1¡

il+.2
g.g

]'-3,3
TL.3
9.9

13.3
7.5

7.7
37.6
9.9
7.3
5.7

7.r
3.8

f.2.5
5.b
2.3
1.6
1.9

?.0
o.h
5,11
6.o
2.1

9,1
12.1¡

2.6
I.0
5.o
o.lr

zil¡,9

o.8
1.2

0.h
\.2

h-6
7.9

5
,T

I

a

9
B 2

lr.5

o.l¡
2.O
3.2
0.1¡
o.l¡

o.l¡
1.1¡
o.l¡
O.l¡
o,9

o.h
o.h
6.6
o.l¡
0.L

o,h
0.h
5.9
o.l+
O.l¡

25.6
o.ó

21'3
o.h
o,b

o.l¡ o.li
O.lr 8.1+
I¡.6 6.3
O.l¡ O.ir

-s.-lr--t;i-

P
R

?,
5.
5.
9.

B.g rl.7
9.9 7.8
h.8 5.9
5.2 1r..6-
5.2 8.2b.

10. ?
l.3.5
2.3

19.5
10,3

1.6
7.L
3.7

Lr.2
l¡.3

21r.1 9.8O.lr 2.9o.L o.l¡
2].,.5 0.1¡o.lr o.h

lo.3
L2.6
h.b
5.2
l+,7

g.h
10.1
o.h
1.0
o.l¡

l¡.h
IL.9
o.l¡
0.lr
0.1¡

9.o
7.6

l-:2.6 o,l¿ I2.o
16"h 18"6 18"8

I.b 38.9 O.
19.6 2.7 o.

h
L

b.6
o.l¡

7.tr
h.o

Avg. 7.8 8.8 11,6 6,8 18.6 L3.g 5.5 2.3 3.6 2.5 5.' 7.O 93"7
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Mesk€r-Driftnood Unlt

J

Á.1atr¡eutr" rstrean-flon reaords

Records of ühe sùrea¡n fiow aü llax, Trenton, and Cu1berùson were
used ín deterninlng ühe waùer avallable for use i¡ thls unit a¡¡d in
extending the hlsüorical records. The perlod for.ntrich reoords of flow
have been nade, the type of gage used, the drainage arêa, and the egency
reporülng the fl.ow records are llsted in ùable 1. fhe record of flow at
these st'ations is considered good axcepü for periods of lce effect when
they are considered poor, fhe period of reeord for ühese atatlons erid
other süatlons i¡ the dÍvíslor¡ are shorm graphicatJy on exhibit b.

Sürea¡n-fLow oorrelations and estlnates

For the period prior üo Novenber 25, tgl+6¡ no stream-flor records
are available for 1þenton, Nebraska¡ therefore it ras neceasery to
esùj¡tet'e the nisslng records to conpleüe etrean-flow dats for t'he period
of stud¡r, 1929 ttrrough 19117. Concurrent records of rr¡noff of the Republi-
can RLver at Trenton md Culbertson rere ploùüed es shorn on exltibit' I7
and a curt¡ê was drarn through ttre plotted points. This curve lndicates
that the relaüionship betneen tlre runoff aü tùre tro stations Ls oonsta¡rt
and the runoff aü Trenton is esüi¡nat€d to be 96.5 percent of the n¡roff at
Culbertson. The historloal fllow of the Repubtican River aù Trenton¡
Nebnaska, which ls 2| niLes below T¡enton Dal, was used in thls süudy for
the flow at Trenton Dam. The hisüoriaal flLow at lrenton is llsted in
table 53. Rr¡noff records list'lng tha historical flor'of the Republican
River at Culbertson are shom in table 5l+. Hist'orlcal rr¡noff records of
the Republlcan River flor at Cul-berùson are aatual records exaepù for
April ard October of Lg29¡ and Jarnrary through Sepùenber of L930. Thees
raissing perlods rere estf:nated fron a correlatÍon curve, exhibiù 18,
obüalned by plottlng tÌte hlstorical floç of the Republlca¡¡ River at Ma¡r
vs. Culbertson, Nebraske, HistoricaL ruloff records of the RepublÍcan
River abl{#.'are shonn.ln ùable 55.

Ground water

At or¡€ üi-me the Br¡reau of Reclânatlon contenplated a wells developmenù
ls¡own as the MçCook ïIella Unit, of about 21000 acreg on tÌ¡e North side of
the Republísan Rlver beùween llc0ook and Red Inlillow, lÍebraska. ft was
planned that the gr"ornrd water for ühis are¿ rorrld be recharged by reùu¡r¡
flow fron an area of 11200 acres above the Mccook Tfelle Uniü to be served
by water fron Bed TliLLor Regervoir. Reclassificat'ion of proJect lands
ràduced the erea of ùhe prcposed wells unit fron 2rOO0 acres lo 72'b âCrêer
taùer studies of the unlt indÍcated thet devel-opent by the Bureau of
Reclanation was not econonleally feaslble. Otl¡er reasqrs for not develop-
ing tùre lfc0ook Trlells Unit re¡e that reclassiftcation of 1sl ds to be served
by Red S'illow Reservoir elr¡rrinated ühat' porùion of t'!re proJect area fron
whlch return flors rære to be used to recharge grorrnd raterr and tùe eùaùe
lans of Neþnaska do noü nd<e províslon for vells uniùs to be included in
the fomaüion of lrrigetion distrlcüs¡

Lo'
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lab1e 53--tfisArical Runoff of Republican River at Trenton, Nebraska - lrenton Dan Site a/
11000 acre-feet

t929
L93Ð

191+6

19i+7

th.ó
11.3

5.7
5.6
ó.1
l+.7
2.1+

10.8
9.9
9.8
1.h
5.8

ó.r
16.8

5.b
9,8

15.L
10.1
9.2

L2.5
10.8

3.6
11.2

10.3
IL-3
11.0
11.6
IL.9

L6.2
6-8
9.5

t6.2
]-}"g

6-8
10.3

7h.2
8"9
9.lt

11.8
10.l+

9.6
9.1+
g.B
3.3

18.3

9.2
12.8
i.b.z
].:6.3
13,0

aCI.6
LT.5

13.
th.
10.
20.
1ó,

15.8
9.7

th.L
22.2

1ó.8
1L.g

L2.2
8.ó
7.8
g.h
7.9

'13.8

10.h
10.5
L2.6

7.O

2l-.Q
L3.9
7.2

37.6
11.9

5.6
18,¡+

t5.7
1?.1+

ó.8
7.2

th.3
r-.1+

23b.t

Lt.3
18.8
30,lr

3,1+
2.7

9.8
L3.2

8.2
19.5
e.5

g.?
1,1+.r

6.7
11.1
2.7
9.5

20L.2

l:g"5
2L.lt
rg.6
27.3
7.0

l+8.1+
2L..3
9.2
9.0

22.3

o.l+
).?

o.3
5.8
2.5
a.2

22,8

0.3
2.6

r_7.0
5.5
L.2

32.7
2.O

o
33.0
5.3

3.0
10.5

1.8
9.6

77.9
a.6

il+.1+

,.9
2rO

l?.5
5.1+
0.3

21.1
L5,5

o
1"7
9.9

1.0
0.1

5.L
8,1

o,B
1.1

36.7
0

8.9

1.0
o

1Il+.2
lt26.1

99.4
gó,1

193.8
92.5

9l+Z.Z

l33"9
109.1+
]i56.6
ro2.7

7l+.0

?o2.t
181.1
97.3

t 2.g
ILO.9

128.1-
Lél.l

9.o
9.8

8.1
7.7

1931
].932
L933
193h
L9J'

H t936
a ß37

r938
l-939
191+0

t9l+1
L?l+z
t9lt,3
r.9l¡l¡
]r9I+t

l..2.
9.

lo.
10.
13.

g.g
9.5
7.3
8.7
5.L

9.6
3.ó
l+,2
7.9
L.2

5.3
2r6
o.1

3
3
I
9
1

7
I
I
I
3

I
1
1

3
3

3
11
11

3.

[.

o
9.1+

21,0
o

9.9

7.5
t7.7

o
0.1
L.5

9,
l+8,
8.

8.o
I+.2
8.1+

10.5
\.5

10,6
7.1
5.9
7.0
l+.3

L2.6
8,5

20.1
3.3
9.8

.5

.6

3
h
o
o
3

I
6l.5.

7.7 10.1
9.1 ü-7

16.8 8"8 l+8.]+
20.1 27.5 1o.l+

A 6 7. .3 10.0 rt.z
Co ane records.

t2"8 26.A 26"A 10"2
are

6,9

ú1'1
,rlO ú7I
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Table 5þ-ttistorical Rr¡n-off of Brepublican River at ú\rlbertson a/
Discharge in 11000 aere-feet

Tear Oct. Nov. Dec. Ja¡r. Feb. Mar' Apr. May June July Aug. Sept. lota1

1929 8.1+ 15.1 5.6 .9.3 ?.0 2r.l+ U.b 16.3 g.O O.lr 3.1 5.3 ILB.3
rg30 8.0 IL,? lo.2 10.r 10.? lt.g r2,.3 18,0 ].l¿.6 h.o 1o.g B,l+ 130.8

L93L
L932
L933
I93lt
t935

L936
L93?
1938
L939
19h0

19üT
L9rr2
191+3

r.9Lh
191*5

10.0
3.7
l+.h
8.2
L.2

3.6
3.7
,.5
2.7
0.1

3 'l+lL.8
Ll.h
o
3.h

9,2
9,8
7.6
9.0
,.3

Ë.9
5.8
6.3
h.g
2.5

LL.2
10.3
10.2
1,5
6.0

L5.6
10.5
9.5

L2.g
11..2

l[.0
?.lr
6.I
7.3
b.5

13.L
8.8

20.8
3,h

10.2

10.7
11.?
1L.l+
12.0
12.3

9.3
L.h
8.7

10.9
\.7

1ó.8
7.L
9.8

16.8
il¡.h

il+.7
9,2
9.'l

72.2
10.8

10.0
9.7

10.2
3"h

19.0

9,.5
13.3
IL.?
L6.g
]-3.,

w.?
9.6

11.2
11.3
13.ó

Ilr.2
15.h
10.5
21,1
L6.g

10.3
1r9.8
g.h

16.h
9,O

L2.6
g.g
8.1
g.?
8.2

}L.3
10.8
10.9
13.0
7.3

21,8
1¡{.lr
7.5

39.O
L2,3

7.0
7.5

th.8
L.5

2h3.1

l+6.9
tg.5
3l'"5
3s
2.8

10.1
].'3.7

8.5
L9.2
9'B

6.9
IL.5
2.8
8.8

208.h

20.2
22.2
20.3
28,3
7.2

0.3
6.0
2.6
0.2

23.6

0.J
2.7

1?.ó
5.7
1.2

33.9
2.L
0

3\.2
,.5

1.9
9.9

8o,6
0.6

th.g

l¡,0
2.1

12.g
5.6
0.3

27,9
16"1
o
l.B
6.1

0
9.7

21.8
o

10.3

7.8
18.3
o
o.1
1.6

138.?
113.b
]'62.3
106.b
?6.8

2Ag.g
187.8
100.8
L58.6
tlb.g

o.8 102.1+
I,1 99.1¡

38"CI 2OO.7
o 85.J+
9.2 56L8

Fo
O.

50.1
22.1
9.5
9.3

23.1

].9l+6 5.L 6.3 3.? 8.0 lo.5 il¡.6 5.8 r.h g.1 50.1- 1.0 r.0 L],z"6
19¡17 16,1 17,h 11.7 rt.9 t7.3 23.8 ilr,8 20.1 2h.l¡ 13.8 0.2 0 tTL.5

Av,
1929-l+7 t.B B.? 9.? 10.ç 11.7 L' 13"1 26.9 26"7 10.8 10.2 7 .0 lç6.É.g

April and Octobçr 1929 and Januar.Sr 1930 through Septenber 193O based on correlation between ldax and
Gulbertson.
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Table 55-¡tist¡rical Run-off of Republícan Rir¡er at l[ax, l{ebraska a/
Ilischarge in 1100 acre-feet.

Tear Ocü. Nov. I)ec. Jan. Feb. Mar. June July

5
3

Sep'b" Total

rgzgv ?.b 12.1
1g3O ?.Ì 9.9

9.O
9.o

.O
,g

I
9
5I

8.r CI

th"5 h.1.,5 lr.
l-2,5 0.

Lç9.2 r¡.

9.O
11.1
8.ó

10.l+
10,8

8.1
9.8
9.1*

Il.lr

.5
8.?
8.7

9.2
9.2

ll5.?
10.1

]-5.g
9.O

L2.7
15.8
12.1

9,5
39.8
10"3
15.1

9.8

rlr.Z
10

L5.6
9,7
?.1¡

r[.2
7.7

1lr,1
]r5.l

9"3
1l_.1
L2.2
1.?

232.8

B.z
13"O
8.6

16"8
10-o

7.9
12.3

L.2
9"3

2"3
10"7
1t2,2
3.6

10"1

L3.g
lr2"5
o
2"3
5"9

5"9
7,2

ILO.9
I12,3

1931
1932
1933
193h

1938
L939
19ho

191¡1
t9rû
19t3
191ù
L9l+5

t5.3
8..6
8.1

lCI.9
9.6

0,h
2.1

38.1
0.ó
8.2

6.3
72"2
0
1-0
2.5

10h,?
10..5
161.3
93.3

h8h.2

LlJ2.5
161.L
1o1.1
a27.L
107.2

13.CI 8.7
3.O 8.1
6.9 9.3
8.1 ó.ó

Lg35 2.6 5.7 10.6

L936 l+.1+ I.3 1O.2 8.3 8.lr
rÐ?*

11.1 13.1 112.0 9.9 0.8 2.3 0,6 119.1r
I ó I.¿l 9.O 94.7a a oo I.

9.5
l,2.9
13.1+

lr.1
3.6
2.O

Ho
cc

L,3
l..2.2
15.1.

2.O
l¿.6

h.8
8,ó

12.1
b.3
?'h

7.6
6.h

tg.5
5.o
9,1

13.9
L]..5
LL.2

7.2
12.O

7.8
L2.3
It.B
15.h
9.3

11.1
9.3
6.9

L2.L
15.0
7.6

27.2
IL.1

25 
"Ot5.l

h"B
8"0

22"A

29.L
2"5
o.1

22.8
3.5

h'8 6'9 6'B 9'l¿
h.8 ?.1+ 9.7 3.3
\.2 5.2 5"2 15.3

29 .b g.2 12.11 6.2 17 .5 L27 .3
3.6 g.a L.h 2.5 o 7O,5
h.o 3,2 r.B 0.1 13.6 7h.9

1gh6 b.g 5.8 3.5 ?.O 9.O L2.5
19b? 13.6 ll¿.6 1o.o to.l }lr.5 19.9

il¡.6 8.0 l¡r"5 r"3 1.3 uh.5
l:6.9 ãA.J L1.8 0.8 O il+l¡.9

5.r
12.1+

Av'
6 .6 8.7 9^2 10-i I¡.lr rL.3 25¡ 18.9 8. 7 6.8 6.T r3L.2

?/ October 1928 through Septenber 19h5 are historical records rith exceptions Ln V.- October fgl+5 thrq¡gh Septernler 19L? based on a correlatlon ïitå the Republican-River at G\rlbertson'
V Deceùer 1928 through Febrraq¡r L929 arlð,IÞceùer 1929 thrflgh Febmary 193O are esti¡ates taken

fron tÌ¡e B.A.E. report based on the æan nontÌr1y value sf al'l records up to, a¡rd i¡cl:¡diqr L939.
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Meeker-Driftnood Unlt

the ground.rater conditions descrlbed heFein tore obtalned fron
lnfolmation oupplied ln a publicatlon of Tfater Supp\y Ppers by the
Univþrsity of Nebraska, L/ Addiùlonal j¡rfo¡mat'ion w¿s obùained fron
the Geological Survey, ZT

:Îhe Republ-lcan Rircr ValLey ln the area of the lleelær-Driftupod Unit
is cþaracterized by a buried cha¡¡nel wlth rrelatively low bedrock and con-
parativeþ t'trick orrer\ring deposits of rsater-bearLng sand end graveL. The
watef table 1s at a relatLvely shatlow depth ranglng from approxinateþ
6 to 3O feet belor the eurface of the ground. Conditions are favorable
for lnfilt'ration of precipltdlon ar¡d dírect recharge to the ground water
frorni strean flow¡

r'Îhe yleLd of weLls lnstaBed ln the alluviun of the Republ.ican Valley
regign range from several gaLlons to nore than 1r0o0 gallons a ninute. It
is rþporùed ühat one of the nunicl,pal wells at Mc0ookr drilled on the south
siderof tlre Republican Rfuær, was 8b feet deep and yielded IOO gallons a
minuþ with a drarv-doryr¡ of only I feet. The depttr to waùer leveL i¡¡ thj.s
well,ras abouù 20 feet. It 1s also reported that irrigatlon rells situat'ed
tn t.þe sane productlve belt of tt¡e alLuvfu¡n on tt¡e south side of t'he rlver
near'trlo0ook have yiefded norne t'har¡ lr0OO gallons a nl¡ute.

rtff¡e yietde of wel1s inetalled on the uplands both north and south of
the $epublican River are consÍderably legs. Many of t'he weLls top ttre
satutated pa¡ù of the OgallaLa fornEtion that underlies such of the uptand
e¡eag. One wel1, installed fn the northwestern part of the county (Rod
T]illqw), was compleüed to a depttr of 33L feet, t'Lre botto¡n of the rater-
bear{ng sãrds being 329 feet and the static water Level at a depth of 2l¿O
feetç This weLL is situated in the general dcinlty of test hoLe 12ó
shon4.on Profile sectiontt,..e €xhibit j.9, rtand derives lts water supply
from the Ogalla1a*ifcræeütþa. It is reported tåat ühe well yielded ü5
gal.I$ns a nlnute rith a drar-donr¡ of 57 feet. It is believed ùhat, in
genefal, the yletds of ordlnary dæestic and llvestock weIls in the
uptand áreas are somer*rat less thar¡ this æount.n Lr/

Gror¡nd r¡ater 1n t'he Repubücan Rlver Basln in Nebraeka, Part IIf¡
Red Tlillow and Frontier 0ounties, by H. A. Wd te, E. C. Reed, and
D. S. Jones, Jr., published by the Universíty of Nebraska, Conserv-
aüion ard Survey Divfsion.

Progress Report on the Ground Tlater Hydrology of ttre Republican and
Frenchnan River Valleys, CircuLar J.9, by Herbert A. l¡iaite and others,
published by tlp ü. S. Departnent of the Interior, 0eologÍca1 Srrrvey,
Âugu.st 1.9L8.
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l[eeken-Driftnood Unlt

Profiles of the Republicur niven Valley et Trenton and near Mc0ook
are shown on exhibit's IO and Il-.

A cooperative progran betwee¡r the Bureeu of Recla¡natlon and ühe
Geologíca1 Survey has been established for tåe study of the ground water
in the Republican River Va1-Iey below Swanson Lake. This progrern ïrill
establish a history of the condftiôns Íh{"òh will be used as a basis for
observing ground-maten changee resultlng fron irigat,lon.

Grorud-water observations were nade by the Geological Su:rrey for
13 observation weLle pnior to l[ay I, 1950. Periodic observation of these
v¡eLls wilL be conüinued along with periodlc observation of 80 additlonal
wells of wtrfch 5 are existing farm weller md 75 arc new wells Jeüted irr
by the Geologlcal Survey durtng May and Jr¡ne 1950. Infornation collected
from tùese wells wtl1 be uüiliøed by the Geological Survey in preparlng
depth to ground water ar¡d water-üable cortour naps of the Meeken-IÞiftwood
Area. The Bureau of Reclamatfon requested these nape to be furnished to
ttren by Aprl1 L, 195J.

Qlality of rater

The Geologlcal Survey has nade analyses of water üdcen frcnr the
Republican River aù l¡fax a¡rd Tnenton, Nebnaska. The ¡nalyses nade in 19lr7r
191+8, and 191+9 are llgùed in tables- 56 arñ, 57 o

These anaþses indicate the quality of the water th* vrill bç avail-
able for storage in S¡ranson Lake. Return flors resulting fron upstream
development could deterioraüe ttre quality of ühe water ln the strean if
they accunulate enough salts before enterirrg the strea¡¡. Since return
fLows fron planned developcr.ent above Srvaneon Lake w111 be a nÍ-nor part
of ühe total flor, and because present accreüions do not noticeabþ
deteriorate tt¡e nator quallty, it is not considered that future return flor
fron upetrean developnent rrill deterlorate the'water quality of tt¡e streen
natertally. Analyses of the flow of Frenchnsr Cneek at Culberüson have
been made and they are discussed under the water quall$ discussion fon
the Frer¡chnan unit.

The analyses 116ted in tables 56 a¡¡a lf have been plottæd on the
charts, exl¡lblts 20 and 21, These exhibits show ühe water in the rlver
at Mæc and Trenton are of excellent quality insofar as tot,al salts and
sodiun percentage are concerned.

The analyses show tÌte boron content is never high enough to cause
damage to tJte uost sensitive crops. The highest boron content reported
was 0.57 parts per niLlion and ttris was or¡}y one analysis, AII oth¡r
anal¡rses show a boron content of 0.30 parts per nlllion or lessr

Sodiun carbonate or bicarbonate concenüration of ütre watcr aü l[ax
and Tnenton was studied by drawing bar graphs of chenical equivalents to
show hypothetical combinatlons of sodlun and the carbonatæs. 0f l¡2 samples

111
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E,Û[8IT 80 DIA.GRAM FOF UsE IlI INYERPRETING THE AI.IALYSIS
OF IÍATER s¡TFLES FfrOlT REPUBLICAru RIVER
aT MAX, NEERAS|(A.
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EXHIBIT ? I DIAGRAM FOR USE IN INTERPRETING THE ANALYSIS- or rf,lËÐrflrteq#!9*), REPuBLtcAfv RIVEß ¿+
Ar TRENTON, NESRASt(A.
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Meeker-Drlftrood Unlt

that rryere studied fron ühe Ma* statlon, 18 or l+3 percent, shor¡ed sone

sodin¡ bicarbonate could be forted. Af 76 sanples fron t\e Trenton
station studled, 35 ot l+ó percent shswed sø¡e sodir¡¡ bicarbonate cot¡ld
be formed. SÍnðe ühe sodiun bicarsonaüe concentraùion ís never very
great and because tlre analysis of all otùrer facüors shors t'l¡e water to
Ue of excellent, quafty, the quelity of water that wilL be stored in
Trenton Reservoir is considered to be sattsfactory for irrlgation'

A sùudy of the quality of ground ¡vater hes been nade by ühe Qeologl-
cal Survef a¡rd chenlcal a alyses to detetnlne the ni¡ere1 constituenüs of
the grourd rater taken fron rvells at lrer¡tonr Culbertsonr l{c0ookr qd
Ir¡dlanola rrere reported in Geologicel Swvey Círcr¡lar L9,- y A stu{y of
these ana$ses has been nade and was reportæd |n a süudy nãae by the_

Bureau of ilecLa¡uation, Indisnola office. fl This study shors fu! d:
though the ground watãr has a littLe highEb tot'al selt conoentratåon than
the ilver nater lt ls of satisfactory quality for irrlgation" These
analyses a¡e not conslderad necesserily üo reflæt the quafity of the
retu¡n flow water.

Atl of the coununitLes ln the Republlcan Rlwr Valley use rsüer
puryed fron nells for donestic water supplies and it Ls not antlcipated
ar¡f of then frill w.ish to use proJect water in the future. For thls resson
no daüa is presented to show the ê:(tent of pollution of st¡¡face naters in
this report.

The publtc Health Service has prepared a detailed report showing the
exüenù, types, and naJor sources of pollutim of streans'i¡ ths Ka¡¡sag

River Èash. 3,/ ülnimr¡n strea¡n florvs necessr¡ry beloç reservoirs for
saniüation arã listed in th6 Publlc Healùh Serrrlce Reporù a¡¡d are
dlseussed ln the seotlon of ùhis appendlx dlscusolng rtReleases for Public
Health Servlce['

L/ United Sùates Departaent, of the Interiorr Geological Survey,

?/ Quellty of Tfater Report, Republican River Basin by tåe Ka¡rsas

¡irv"o ói"t"i"t, Indianoia, Nebraska, Ma¡ch L#o.

3/ nKanses River Basi¡r Water Pollution Investigatiorlrtr Federalr Security Agency, Public Healüh Serrrlce, Jr¡ne lghgr
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tfêêker-Drfttr¡ld Unlt

Wator RtcEtt

--Tlra ohlcf exlatlng lrtgatlon rleht bclor
BarüIey Dlvarslon pan lc the prcsørt rlght of thc
hag a provlelonel grant of 1l¡3 aecond-fèot, drttng
All of tbe pnesentþ lrrlgated arca unfcr the
cludcd l¡ tl¡c &ekar-Drlftrrcod ltr¡ltr

snC rÞol!
rl¡1oh
22, 18901

rrtll bc frþ

Clatng and appltcations ton ratrdr
Eartlcy llLverslon Da, as pttbll¡hed^_)_y
and frrigeti.on, ere shotn ln tebla fiEr

Trç¡tar and ebovc

þi4çtnertt of lordP
rt¡htc bcler
tln Nebraslcç

Anticloat¡d tT¡ter Use bI Ft¡ture PrLvetc #g*eees!
Â¡rtlciprted futr¡re depletlonl. þ all developnçnt of Lrragatlcr ¡¡d

pørdc above- Be¡¡.Iuan l)lversiona lirac bcen reffLeoÈed ln the fLor pacrlng
genfeUa¡¡ DlvcmLon, teble 52. !'hesa depletions ryera basod on thc r¡tsr
suppl¡¡ ¡ttrdles of the Upper Repub$sm Divislon' Iþplstlonc_du¡ to ¡¡ty
fut¡¡re prlvate irrlgetlon or pond dsvelopnents þetreen Bcnlcelnan Dlverc!.on
¿nd Srarteon Lalse rrs oonsidered rr¿gliglblc. Depl€tlont due t'o fr¡tu¡¡
nnnictpal ¡nd lndu¡trlal devel.opent a¡e algo qgnsldered negllSlbtror

troJccù l¡tcn SWpfY

lÍat¡r ptored ln Sra¡rson Lake rrll.I bc tlre qrly souree of rater fcr
dcvelopnent of the t{eeker-IÞtftü¡od Unlt¡ lfo sestional aceretlona $!9¡
th€ dai could be dlverted'to the urrlt rndcr thts proposad plan becaqáa
tlæ een¿I aenrlng the tu¡tt hesdg at ths lrentm D-æ.' Bctr¡in flora fron
ttrc r¡nlt rers dptsr-olned fn o¡rlcr to bc aþIe to ¡horr tt¡e flor thd É1I
pero lry ùrhe t¡¡lt afùer developnantç

Dcplctlons of atrean fLw due to upstraan developucnt hew bc*
dotcnnl¡rcd erid rsre diseussed ln the forogoing sectton on rater loloQlgtt¡

Rcservoir lnflor.-1ystær available for atorage (depLetcd tnfrlor) ln
smnrõñf,fftã51t6?, ls dertved fron the sr¡n of the follorrlr¡g üeblr¡¡

Tebte 5?. Flor of Republlcan Rlver passíng Ber¡kel'nan Dlverelon
Ðau efter developnent of Upper Repubiican DlvLslon.

Ì'

'fable 59.

lrble 61.

llfstorlcal galn ln flor of tho Rapubliea;r Rlver betrrc¡
Bc¡rkeLnan Diversis¡ a¡rd llentøt Da¡n¡ This galn Lc qon'
putod by subtnactJng the hlstoricel floç at Benkoln¡n
Dlversion, teble 60, trø the hlstorloal ffLor at lrcnton¡
üable 53r

Estlnated.. return flor fron 3r7W ec¡eo l¡rlgatrd bctlum
Benkel¡na¡t Dlverslon and Srva¡aon åake'

4\,
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Table 58.--Claims and App.Lications for lfater Rights Below Swanson lake and above Bartley y'

Operator PrqrLslonal
Grant lnSürrce Ca:rier IIse Locatic¡or

Daüe of
Prl-orLty

H
n)
H

Republican River

Republican Ri-ver

Republican Rlver

Bepublican River

Schoql Creek

*Drlftwood Creek

Berger Creek

DrLftwood Creek

Driftwood Creek

Driftrood Creek

Driftwood Creek

DrLftrood Creek

Ferguson a¡ld Co.

Lang, Alfred B.

L"hg, Alfred E.

F?enchman-Canb.
1rrlg. Dlstr:lct

Sughroue, Edward

SchnLtz, CarL M.

Sugþroue, E&rard

Hesüe¡sorth, l[rs.
John T. et al
Kueffer. MattLeset aI.

Hoyb, IïsDk

LÍebrandt, John C.

Hoyü, Honer

Meeker 0anal

PurTIp

Pury

Meeker Canal

Hmp

Schmitz Canal

Pmp

Hesberço:th
ca¡¡al

Sylvan pell
c¿rnal.

Pury

Ptiqr

Iloyb Car¡al

I:rf.gatlon

Irr{.gatlon

I:rigation

Irrigatlon

frrlgation

frrigatlon

Irr{-gation

Irr{.gation

Irrd-gation

fmigatlon

IrrLgatiur

Irrlgation

1L3.00

O.l+2

o.B7

O.32

lr50

o"6lr

1¡0O

2r80

o.56

o.67

0.ó8

a5 33t
ü 3tt
rL 327

L5 331

t5 327

12 234

t5 327

1l¡ 2 30

1 230

2\ 21L

1l¡ 2 Ja

25 23L

Dec. 22r ISPO

Feb. ró, 1937

Feb. 2lr, 191+1

Apr. 31 191¡6

Aug. ró, 1932

lfiay 31 1930

Aug. 16r 1932

Nov. 17¡ 1913

Dec" 6, 193o

Septr 7t L937

Sept. 5,1939

tr'eb. 23, ]9113

Data publÍ.shed by the l[ebraska Deparbnent of Roads and lrr{-gation. Twenty-ssyenth Bien¡rlal Report
Petl+.1-ored to be excluded fron districtc
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Table 59.{ti-storical Ptclnrp on Republican River between Ber¡kel¡nan Dlversion Dan and lrentur (lrenton Dan Slte)

'tcre.-feet
JEtfl. Mêr.

1928
]..929
1930

191¡ó
r9b7

1.ó
2.L

L.2
-1,9
-2.L
-.o.1+
1.2

-1.1'-2.0
-o.2

1.8
-1.0

8.o
-lt.b
-2.0

?.lr
3.7

-2.2
o.1

1,0
-0.6

-o"3
-l+.0
-2.9
o.2
l.'3

0.2
-3"0

2.7
-1.8
8,6

0.7
o"6
l+.0
3.3
2.2

-1t9
l+.8

6.0
1.9

-1.1¡
-5.It
-1.2
-2"7
0.8

1.,
0.6
0.8
9.8
3.2

-1.6
9.8

-213
,L.t
0.1,

6-2
h.6

-2.|t
-1-B

0
-1.0
-O.lt

1.2
2"9

-L.g
3.lr

-1.O

6,lr
-o.L
-2.3
15"1
-{.lr

3.3
I+"9

-200
--1.7
J.O

-0"6
716

L8,2
11.6

l¡o9
0

-o.ó

2"0
2.1

-O-6
l+.8
0.9

0.2
o.2

-l+"o
-203

0
O.7

{"6
L'5

0
-8.rJ
19.2
-I.9
1,9

-2.8
0"1

-3.8
-O¡7
,4,g

0"1¡
r.3

*1.1r
-¿t0
-1'5

-2"L
-L3

-1L.6
L.0
7.L

-O.9
-2.0
-2.L
-Io3
lt-8

-1"5
7.5

*3rB
1.1¡

-3.2

2.5
2gc9
L7.9

2.5
h.3
Qt2

1t6
1.1

-2.|t

, 1931
L932
L933
193lt
L935

r936
L937
1938
L939
191¡o

19L1
L9b2
L9h3
19¡¡lr
1eL5

-{.8
-1r"3
0.6

4"5
b6.o

9.1
il¡.8

7"6
19"8
3.8

-o"1
1,0

-10.2
-o"3
Ih.L

-o.3
0.9
1"7
1"5

-o.Ì

-o.g
-1"9
4.5
7.r
1.5

-1.2
-?.L
5B.e
-5r5
5.1

Or2
1"2

-1.1
3.8

-o.2

3.1
2'2

*O.3
-1oI
0.9

"{.5
-1'3
0.2

-2.8
-O.1

-éc)
0

-1.1
-2"5*L5

-2.0*1.8
.{¡8
-2r0
-o.8

L.2
-l.g
o.5

-1.3
-2.5

-lL.ó
-Ooh
-1.'6
-2,0
5.0

0
-1*h
-3.0
-0o9*Ll

-1.8
-1.9
0.2

{,h
O.1

-B'I-
-39.0

69.5
-2Q.2

7,,17

21.2
2\.7
t,6

30.8
15'1

3?.8
18.B

-IO.9
l¡1.5
3.9

LO.5
L5"3

PN
rl)

23.2
h"9
b¿
7.9
r"6

2.6
6.1

-1
-o

L,l+
l¡.1

.o 2r0 -

.6 0"g
0.1+ {ol
L"6 -o.lr

1+l3"96"lt

T
O o o"I L. L 2 -o0 80 0r2
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Table 60--ttistorical rln-off of Republican River at Benkel¡nan Diversion Dan arl
IO0O Acre-Feet

Tear Oct. Nov. Deeo Jano Feb" Mar. Apr. May June July Aug.

t929
1930

6.5
6.6

12"0
h"r
>.,
7.7
l+.0

L2.L
7.O

B.?
8.3
9"2
9.2
6.1+

8.2
7.2
6.5
6"3
lr.h

5.8
9r9

flç2
L,II
6.7

7"?
12.9

7.0
8"0

B.o
rl.g
11.1
L2.3
11.2

6..8
10"l

7.ll
7.7

9"1
L3'2
13.l-
l,2.a
10.7

9.r
612
9.6
8.7
5.5

8"2
LL.2
tl.5
8'8

LOn2

9.9
9.0

5.8
10"9

th.5
12"9
L2.3
It.6
9.L

ilr.6
9"6

13.7
tl+.?
12.0
13"6
L2"3

w.2
rl+.¡
9.3

IL.6
13"1

1I-5
38J
10.l+
11.3
8.6

L2.7
18.1

10.6
7"3

th"6
1l¡.0
9.5

22.5
12.3

6.6
19"O

8"5
]-3.g

7.5
15.1+
2.1

12.0
155"2

10.1+
6.6

12.0
7,5
3.2

25.2
16.1+
5.L
5.L

20"?

6.2
2r.h

3"o
9.8

3oa
1?.o
19.7

6.1
9.3

3.7
o.8

L3-6
1,6
o.5

18"0
13.3
o"3
2"8
5.o

1.r
o.5

TotaL

96.0
106"1

:LOI.1
131"1
131+.3
97,3

h68.8

110¡2
8?.3

th8.3
7L"2
73.O

a12"9
170J
gL.3

LAg.5
103.¡+

t3h.t
139"1+

12.h
l-:2.5

l+.h
6.2

5-7
6.6

27.1
7.2

25.5
3 "l+
3.3

th.6
10.l+
7,8
9.1+
8.3

:.2.6
7.5

12"h
9.2
8.0

P
N)
\N

1931
]932
L933
1931+

t935

L936
L937
1938
1.939
19lO

3.6
6.1
5.3
3.7
2-6

ro*5
8.o
7.9
g.h
5r6

7-B
10.o
12.6
7"1
g.L

9.1¡
w,ll
7'L
5.L
9.7

8.8
g.g

LL.3
2.O

226.9

7.8
IT.I

B.B
L3.7
9.6

B

2

O.lr
h.8

L2.7
o.5
B.l+

0.6
r.7

r:5-3
h.o
1.3

l+8"O

8.8

0.8
es

L7 "5l.g
7.O

2.8
9.3

2l+.8
0.7

15.8

7.1
l,ó"1+
1.h
2'I
3,O

3.1
1.3

19hr
L9ltz
19h3
l9ldr
L9l+5

L9l+6
t9Ltlî

5.7
912

l+.8
13.h
12.8
2'8
5.j

8J
l,2.2
ro.2
13 "o
10.8

12.0
9.9

3J"6
3.9
o.g

25.9
3.8

1l+
L9

a

Tota]-
Avg. 5"1+ 7.9 9..1 9.5 1o.l+ r3"8 1r.L 22.8 r8"7 9.7 6.8 7.2 t33"7

a/ Sr¡n of Repr¡b1ica¡ River above ifer¡kel-rc¿r¡ anr-]. Soutl: Follc Republican Rive¡ ¿! S,snks]lnan
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Table 6l--Estinated return flow - Benkehna¡r Unit below Benkelnan ûiversion Ð* g/

(uni t - 1000 acre-feet)
Year Jan" Febo

]l929
1930

191¿6

L9l+7

0,3
o.2

o.1
o.3
o.3
O.l¡
o.b

o.3
o.3
o.h
0.3
0.3

O.ll
o.2
o.2
0.b
o.2

o.2
0"3

o.2
o.2

o.2
0.3
o.3
0.3
0.3

0.3
4.2

0

lfiarr

a"2
o.2

0.1
o"3
0.3
O.3
0.1¿

0.2
0.3
0.3
0.3
0.3

o.3
o.2
o,2
0"3
o.2

0,2
o.l

o.3
o.3
0.3
0.h
o.2

0.3
0.3
0.3
o"2
0.3

0.2
0.1

0.3
0.3
0,1¡
o.l¡
o.3

0.3
0.3
0.3

o.2
o.2
0,3
0.2
o.2

0.3
o.3

o"2
o"1

o"3
o,2
0.lr
0.3
o.2

0.3
0.3

0"3
0.2

0.b
o.L
0.b
o.5
0.3

0.b
0.3

0"3
o,2

o.lr

o.6
0.6
0.5
o"9
0.6

0c

0.3
o"2

O19
0"5
o.9
o-?
o.h

o.9
0.5
0.5
0.9
0.6

0.3
o"3
0.ó
0.3
0.3

0.
0o

o"3
O,2

0"3
On2
0.5
o.3
0.3

0.h
0.3

o.2
0"1

o"lr
o.b
0.h
0,5
o.3

o.l¡
0.b
0.lr
0.J
0"h

0.3
0.2
O"lr
o.3
O.2

3.1
2.O

b.o
\.5
b.B
6.0
b.L

\"5
b.8
l¿"6
lr.3
5"1

3,6
2.7
h"8
3.6
3.o

J.B
3"7

Ìtray June s Nov. Dec. Tota]-

0"3
0.b

o
0

P
rüF-

1931
L9)2
L933
1931+

a%9

L936
L937
1938
L939
19LO

19l¡1
19b2
191r3
191ù
191$

o.l+
o.l+
0.b
o.6
0"3

0.2

0.5
o.5
0.6
O.?
o.b

0
0
0
o
0

0.b
0"3
O.lt
o.5
0.3

0"1
o"3
0.3
o.3
o"lr

o"h
o.h
O"lr
0.1+

0"b
o.l+
0.3

o.b
O.l¡
0.1¿
o.b
0.5

0.lr
o.3
o.6
O.lr
0.1¿

o.3
O,2
o,5
0.3
o.3

o.2
o.2
0.3
o.2
o,2

o"2
0.3
o.2

.5

.5

.g

.7

.b

o"5
o.9
o.5
o.5
0.6

0,3
o.3
0.6
o.3
0,3

0.lr
0.b

2
20n

o.2
o.2

0.2
o.2

.g0
.3
.h

0.3
0.3

o.5
o.5

h
l+

AvËI. C"3 0.3 0.'3 O.2 0.3 0".3 0' CI o.5 0o o, o"3 .l

Ð Return flow fron 370O acres
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Mseker-ûrlftrcod Unlù

The reservoir fnfl'oç can be etored t¡ntl1 the reservìcir lrrlgatlon
storage capaclty st 581800 acre-feet is reached¡

Return ft..orr-Ttre return flo,ns avail¡ble for proJeot use ln t'tre

IeekeÍlF[Itüo-Af Unit lncluds eIl rstr¡rn flots fron upstrean deælo¡uenü
except thaù which nay be divcrted by the Benkel¡nan Diverslon Dm. llnused
return flors fron lends ebove Benkel,¡nan Diversion Dam ale refl¡ctod ln tt¡e
depleted l¡flov to S¡ranson Lalce, table 62.

Conputatlon of retr¡rn f,Lor fro¡n la¡rds iruigated under tiha f,ceker-
Ðnlftnooð Unlt were rnade ln tÌre ee¡e nenner as for the Fïer¡cl¡nan Unlt.

Records of tåe hÍstorioal diversions to lar¡ds non lrrfgat¿d tnder
tlre lleeker Ca¡ral are avaflable for ttre irrigatíon seasons fron .Aprt1 1929
ttrrongh Scpteuber l.9'b2, table 63. To estinatæ the nissing periodr-
Octobãr f9-h2 ttrrough Sãptenber L9h?r a correlatlon curye, exhlbit 12¡
ras dra¡n by plotting concurrent dilersions by Cr¡lbertson Canal agalnst
tt¡e diverslons of l{eeker Canel.

Retr¡rn fl.ons f¡on tåe Meele ¡-DrLftrvood Unit are based onþ on the
increased dlversions over end above the historío diverslons beoeuse
rett¡rn floçs flon prosently trrigated lands a¡e already reflected ln
strean-floty recolds. The returrr flow fron the incrreesed diverelons
requircd for full developrenü are shcrwn in tabLe ólr. The sae net'hod
ral used tn deternlnfng tne retu¡n flows fron the additional diversloru
elr 'was uoed in deterninlng the return flsws fron tÌ¡e Frenchnan lhit.
(See Frenchnån Unlt retr¡¡n flø dfscussl.on.)

Returrr flqws from lands irrigated ln tbe nÍeeker-Drlftrood ltnltt
ltst€d in tabl.e 6lrn are not considered eveilable fo¡ rause ln this r¡nit.
They are consldereA to enter tåe Republloan River a¡rd ¡v111 be availabl'e
for dlverslon at Bert'ley Dlversion Daur in tt¡e Red Tflllow Unit.

T[qùrr Requirenents

Ifater requirenents fcn the lfeelcer-Driftwood Unit wtrich rill croatc
a dena¡rd upon Swanson take include ùhe water required fon lrrigatlng the
lands ln tJ¡e ur¡it, ¡vater Lost due to evaporation from the reservoir, ard
rater lost dua to seepage fron ttre reservoir. The water reqrirenents fæ
lrrigatiør are dependernt rlpon the consumptive use of water by lnrigated
crops, tåe effective precipitation i-n tlÞ arear transportation, and farm
losseg..

Det¿mlnatÍqr of dlverslq¡ and irrig¿Èion requÎeneptP

The sane Eenerel procedure lvas follored to deterulne tl¡e abovc faotora
regulred to find the diverslor¡ and irríg* ion requirenents as ras e:çl.afned
in tÌ¡e foregolng dlscussion on the watEr'reqrlrenents for tlp Frer¡ch¡ar¡

L25
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lable 6e.--a¡spleted i¡rflow of Republican Biver into Srye¡¡son Iake arl

1929
1930

1931
l;932
L933

all.

9.lt
9.2

ó.8
3.lr
5.b

11.2
3.3

11.8
7.O
9.7

10.1+
1Ì.5

0
o

7.o
10.b

1l+.¡+
6.1+
8.1

L2'5
?-¡r

9.3
7.2
?.8
3.7

Il+.1

20.1r
11.0

12.0
6.2
9.o

10.9
8"?

13

10.1r
3.9
2.6
1"0
:1"?

u.3
13.ó
0.3

33.8
10.1

0
18.2

l.:2.6
17.L

0.9
0
B"¡r
0,2

??2"8

l¡h.1
l.2.6
26.5
o.7
0.1

3"8
9.7
3.1+

l':6.2
5.b

o
3.9

o.ó
o

32.8
0
3.9

0
1.ó

l.2.7
o.2
l+.3

5.2
l-3.5
o
0
o

o
o

3
6
.5

Nov.

9.2
8.3

ó.1¡
2.5
B.lr
0
3:7

0
3.8
lr.2
0
8.0

"1.9
15"o

6.3
?.8

13.2
b.5
g.g

l$g
3.O
ó.h
2.7
8,3

9.1
20.3
o
6.ll
1.7

8?;z
105.1

6lh9
l$.9

157.2
l.r2.7

h8ó.1

102.2
65.1+

r'b,5
L65"6
I+2.3

120.9
69.3

1?1.3
L12"2

a

fhit - 10OO acre-feet

o
b,.2

o
l-.5

59.8
0
616

13.é
15.9
It¡9
22.3
b.ó

o.5
Ì.7
B.o
2.3
0.8

ho"7
18.ó

5.1+
h.7

r7.5

1302
l+.1
O.?
o
1.6

a

b.2
10.3

2.5
6,9
1.lr
0"9

19?.9

0
0

23"5
o
o.lr

28"9
1.1

2
7

1lr.(
3

7
13
1l+

I
1l_

9.
Lb.

9

o.l+
0
3.9
0

7
I
6

15.1

0
o

0.
1.
o
o.

5
58.

7

9

o.

o
l.
o
0
0

7I
o
o
o

a

10.3
6.9
9.6

12.1
ü.?

i\)

lelL
L935

t936
t937
1938
1939
191+o

191ü
r9b2
19l¡3
rghlr
tebS

r-91¡6
19b?

I
6

.0 ó.h

.P Iú.6

.6 ?"8

.l¿ I2.1

.5 ó.0

20
r3.g b.3
20.o 2ó.0

99.6
78.1
57,b

]..L
2rL
ó.0
L.7
o,B

9,5
3.6
3.8
9.6
L.lr

13.h

9.lr
o
0
1.8

a

7
I
7
7

20.
11.

7
6

8.8
a

?
I

39.7
L.6

ro:1 11.3 
l:5

7
h

a

a

Average 8"5 9.8 13"1¡. 8.5 22.0 21.Í. ó.9 5.? l¿.1 ' 2"lr b.9 7.5 -1t5..3

2/ IncÌudes flow passilg Benkel¡ran Diversi-on pLus Return ELow fron 3?00 ac. plus pick up betneen Ber¡kelnan
Diversion and I?er¡ton Da¡n Site.
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lable 63--Historica]- diversions into Meeker Carral y'

t - 1000 acre-feet
Iear

t929
1930

Apr.

0
o.g
o.2
o
1.3

o.3
0

0.9
1.2

1.0
1.h
1.1
1.8
1.8

0.6
1.3
o.ó
1.lr
1.6

o.2
o.2
1.ó
o.3
1.1+

1.1
1.0

1.2
1.1

0.8
0.6
0.9
1.O
1.¡+

0,5
O.l+
1.0
o.g
0.6

1.1
0.9

2.4
2.1

1.7
2.o
1.9
2.2
o

1.6
IoB
L.7
1"6
2.1

o.9
1.L
1.8
1.1
1,2

1.O
o.6

2.O
1"7

1.6
1.7
1.?
1.6
2.O

1.8
1.5
1"8
1.?
1.5

6

1.1
0.9

L.2
1.1
0.3
1.2
a.2

1.h
L.2
o.5
L.2
1.8

o.9
1.O
L.?
l.h
1.3

L.3
L.2

L.2
o"6

1.1
0
0
1"6
A15

1.3
1..?
1.6
1.ó
L.5

0.6
O"l+
1,3
1.3
1.O

0.6
o

Ju¡e JulY Sept. Oct" Nov. lotal

B.l+
7.6o

o

o
0

1931
L932
L933

'1931r
L935

L936
L937
L938
L939
19t¡o

191¡1
t9b2
191+3

19tù
t9ll¡5

0
0
0
2.L
0

1.1+
1.6
1.1
1.ó
0

L.2
L.2
1.9
r.3
o

7.6
8.2
6.,

11"8
3.8

'B.o
9.6
9.6

10.3
11.O

0.3
o.3
o.3
0
o

H
Tù

-l

o.h
1"O
1.J
1.9
o.ó

0.3
o
o.2
o.5
o.2

5.2
l+.6
9.6
7.2
7.3

o
o
o.2
o
o.1

19h6
19h7

I
I

a

a

7.0
5$

o
0B

Avg. o.2 I.1 0"9 1 1. 1o1 1"O

1/ oct. 191+2 tlrrough sept. lglr? estirnated fron correlation with culbertson car:al Diversions

0 7
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lab1e 6L"--F-eturn fl.cr frrcn Íncreased diversions for full devolopent of ùfeeker-I]rtft¡rood Unit

- 1000 acrc-.feet)

Iear .Ian" Feb. Mar" A May Jrtne Ju17 Au.g. Sept" Oct, Nov. Dee, loial

192t
lv.-ro

Ì9il
]t932
1933
rglb

193ô
L937
I93B
LÐ9
19lro

19h1
LglJ¿
1?h3
191¡lt
19h5

191+6

]:9h7

o.5
o.5

o.2
a.5
0.6
0.7
o.9

o"6
loO
o.8
o"6
o"g

0.8
o.3
O"l+
1¡O
o.h

a.5
0.5

0.1
o"h
0.5
0.6
0.8

0.6
o.8
0.7
0"6
0.8

0.7
0.3
O.l+
o.B
o.3

O"i+
0.5

0")
o.2

0.ó
0.2

n(
0.7
0.8
1.O
0"7

1.1
0.9
0r?
1.0
0"9

0"9
0"3

0.8
1.0
1.1
l-,6
1.1

1.7
1.3
l.l
1"6
1.3

o.7
a.2

'., B

3.3

5."9
I,l+
9'3

u"h
9.8

13"J
11.5
9^3

L2"3
11"b

5.5
5.5

L2.2
7.0
6.'?

7.3
6.r

o.2

0.8
1.0
1.0
1.lr
1.O

!.6
L.2
l.o
l.¡r
1,2

0.5
û"d
1"5
oo6
0.7

o.
0.

o.5
5

5
I

o.7 0"8
o"2 0"2

0.8
1"0
1"0
r.l+
1.0

1.6
1.2
1.0
1.h
L.2

0.7
o"5

onBI
7 0.5

o 0"ó
o.2

1

0,r
0"8
0.8
1.2
o.8

0.
o.
0o
O.
0.

'h.5
.6
oB

"6L?35

3
5
I
l+

5

o"l
O,h
O.-i
o.6
0.8

o.6
0.3
0.lr
0.8
0.3

0.8
0.6
o"5
0.8
0"6

0.3
0.3
oo8
0.3
O.l+

o.l+
o.3

l.o
0"8
0.6
0.9
0.8

0.3
O.lr
I.0
o.h
o.l+

0.
o.
1.
O.
0.

0"6
0.8
oog
l-" 2
0.8

1,3
I.O
0.8
lo2
1"O

o"b
0,5
L,2
0.5
o.6

OrT
o"5

a.5
o.7
o"8
I.O
o.7

lrl
O19
0.7
ltl
0¡9

O¡3
0.5
1.1
o.b
0.5

o"6
o.5

o

0
0
o
0
o

5
6
7
9
6

o.ó
o"8
0.6
0.5
o.8

F
n)\o

o.5
n-J
r.6
0"7
0.8

o.ç
0,6
1"5
0"6
o.7

r.3
1.0
o.8
1.2
l"o

0"3
o"Í
1,2
o"5
0"6

008
0.6

a.5
0"h

o"5
o.5

o.h
o.5

0.6
o"5

o
0 o

Avg. o.Á 0,5 o,5 0"6 ,J"7 0.8 c.g Ì,0 1.0 o .8 o,? 8"6
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l[eeker-Drif b¡ood Unlt

IlnÍt. The consn¡nptive use, effectlve precipitation, consurnptive use of
irrlgd, ion waterr- and diversion requirements for the ldeeker-Driftwood
Unit ¡¡ere fornd as follows

Conslurpt,ive usêo--f€nperature records, tabl"e ó5, collected by the
]i[eathffit-ffi1bertsôn,Nebraskawereused1ncorputingeffect1ve
heat and eorur.mptive use for the Meel¡er-DrÍftwood Unit. the annuel
eonsunptive use distributed or a rnont!ùy basis |s shown in.tebte 66r

precipitation.--precípitdion reconls at Culbertson, table 67, ana
litcgooft-rffiÎilõ-ffi, nvere averaged together to deterrnlne ,the preclpitatlon
over tñe Meeker-Ilriftwood ereêr table ó9. Not alL precipitation falling
on the proJect area ís effective¡ therefore an adjustnent nas necessary to
deterniàe the anor¡rt that wor¡ld be considered effectiver These adJustnente
to the recorded precipitation were nade j¡r the sae nanner as explained i¡
irtre Frerrchman Unit. tr!:ffectlve precipitation for the Meeker-Driftwood area
{s ehown i¡ table 7Or

consunptive .use requirenents of trrigaùion water'--The consunptive
use r F-iFE-a'tãõuñffi't suppl-1ed by
effective precipitatioÍIe ê€ shorvn ln table 7lo

Díversion reguirenentsoi-fn order to satisfy ttre crop irrigation
requiliffiiñÇft-ÍFffiiy to divert sufficlent addltionaL water to over-
come transpórtdion ard fa¡:m losses. For thie unit, the farn Lossss tere
estimated 1o be 3O percent of tlre farm delivery requirementr Therefore
the crop lrrlgation requirements ñ€re nu3.tiplied by 100 pereent over lO0
percenLninus the percent of farn loss to give the fa¡n delivery reguire-
m€nt.

transportation losges in the distributlon system lnclude water con-
suned by elaporatlon, by transpiration of oanal-bpnk vegetation¡ and by
seepage or percolatton. The estinated percentage for tù¡e total losses
was based c¡r these fectors together rlth tl¡e tength of canal. Cgtel
Iosses ¡lere estÍmated to be 25 percenù of the diverslon requirerænü¡ The

diversÍon requirenent in aere-feet per açre, tab}e f2, was conputed by
nultlplylng tl¡e farm deliwry requirement by 100 percent over 1O0 percent
minus the traneportati-on loss percenùage.

ReLeases will be ¡¡ade at Trenton Dan for tlre irrigation of the entÍre
16rlù0 acres, table h7, ttrat are planned for developnent in the Meeker-
Dríft¡¡ood Unit, the diversion requlrements in aere-feet¡ üable 73r were
obtaj¡ed by nultlpl"ying ühe dlversion requlrements in ecre-feel per acrô,
üeble 72, W 1órb00 ecresr

tvaporaùion fron regervoi¡'

The evaporatlon rate frorn Svrsrison l¿ke was deternlned by uslng the
sême general,nethods as r€re followed for deterninlng ühe evaporation rate
from Enders Rêgen¡oire

L70
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Tab1e 65-pffective tleat and Consuqrtive Use at Culberbson (day degrees)

2

2

26
26

23
29
2b
T9
29

0ct
0cf

0ct
0ct

6r Nov
29O Nov

0ct

0ct
0ct
Oct
Oct

!' Oct

0ct
Oct
0ct
Oct
0et

0ct
36 Nov

850

L575
Ll¡Ib

Mar

it
205

28
2

T
5
2

28
2b

Ir
9

?5
9
3

2
29

2
9
6

$
10

Apr
Apr
ìfar
Apr
Apr

Apr
lfar
Apr
Apr
Apr

19h3
191ù

Þt
\}.¡

Year

L9?9 Mar
1930 Apr'

t936
l-937
lyid
L939
19h0

Lghl
l:9lÊ

llehS

L9b6 l¡ar
191¡? Apr

66 1086
LI50

.Tune

É!'9
r:56o

1713
lbl+6

Nov

L302
12?r

1.2t2
L256

19o3
1910

1968
r767

1866
L767
2aL5
r773
uet

r23O
1l+91

997

rlg?
673

1228
1286

862

8?9
989

rLh0
797

L258

10th
rq'1

883
rr3?
1015

825
rL6¡

Ll-

2.|fl
2.hO
2.50
2.67
2"37

2.55
2.ltll
2.51t
2.lg
2.5L

2.1¡1
2.L].
2.b?
2,36
2"36

2.5b
2"lil

10r12L
9,999

28 L0,l+2?
18 g 1965
3 LOr533
I L1,6hL

25 9,761t

t0rgLt
L0,21?
10,7go
Lo,hBl
10,6bg

h3
G

1931 Apr
1932 Apr
L933 Apr
193h üar
L93, iÍar

109

823
982
963

119h
e'b

La65
763

Lou
727
86,1¡

rlr¿O
L32t
1286

13?0
r5r3
13LL
rØ3
10u

rhte
1318
1210
rl¡6¡
L352

1?h0
r55L
191h
r779
L5L2

1788
L55t
t6?1
L77b
1761

15i2
r5o¡
1608
$ra
131¡?

1:9llt
198h
1913
2tü
1987

2LL7
20L5
1990
2a65
2015

lBlrr
t956
2W
L730
18?6

ü58
1820
l-628
r.85h
1820

205'
2000
t993
18?2
1798

úù5
1l¡h2
1515
1338
il¿t
L587
$ra
ISBl+
16?L
1:539

iltzz
13û2
Lr33
t539
LtW

1l+9h
tßtz

8??
l¡g 1053

l_089
Lhlr
76b

31 9,y77
28 g,gg}
22 tÛr377
29 g,6b
25 9,638

ú 10,?87
2 LOr3Íg

525 L335
7L9

L925 L75B
L792 20r:5

Bo--
20 10331¡ 2.LóAvgo 5ç 9l$ 1358

{ Fron lorry & Johnson eurveo

i

KS002351



labl-e 6ó,-Distril;ution of Consunptive Use Meeker-Drifbrood Uriit
Feet per Acre

z/

]:929
L930

191ó
L9b7

1931
L932
r%3
193h
t935

L9þ
L937
1938
\9j9
19h0

19l+1
19h2
l.9l¿3
19l¡¡
tebS

€lIIo

r02
.02

.oz

.0?

.02

.03

.02

.02

.02

.03

.03

.02

.12

.12

.12

.L3

.12

.12

.12

.12

.I?

.12

.13

.12

.20

.rg

.20
.21
.19

.20

.20

.20
j20
.20

.19

.19

.20

.19

.rg

.20

.2A

o

2.55
2"lrl¡
2.5b
2.50
2.5r

.05
.05

.05

.05

.O5
,05
.05

.o5

.o5

.05

.05

.05

.o9

.05

.05

.AS

.OS

.05

.05

n07
.0?

.07
i07
.08
.oB
.07

.08

.O?

.08

.07

.oB

.07

.07

.07
,OT
.o7

.08

.07

"15.r5

,i5
.1lr
.15
.Ló
.lh

.r5

.15

.r5

.15

.15

.15

.15

.15

.flt

.lh

,Ì5
.!5

.29

.29

.30

.29

.30

.32

.28

.31

.29

.30

.30

.-30

.30

.hh

.h3

.lrh

.l+3

.lú

.hB

.lr3

.hó

.l¿lr

.h6

.lr5

.\t

.h3

.h3

. bl+

.hz

.Itz

.\6

. l¡l+

.lró

.hó

.b7

.h6

.l+B

.5L

.15

.lr8

.hó

.hB

.hz

. lr8

.l+ó

.[ó

.h7

.)+5

.b5

.hB

.h?

.3h

.3lr

.35

.3h

.35

.38

.33

.36

.3h

.36

.35

.35

.3b

.3lr

.35

.33

.33

J6
.35

2h
àlt

25
2l+

25
27
2lr

26
25
25
25
25

2l¡
2ll
25
2b
2b

25
25

2.1¡3
2.1+1

2"b7
2.h0
2.50
2.67
2.37

2.hI
2.1r1
2.lt?
2,36
2.36

2.5b
2,b7

.12 .20

.12 .19
.05
.05

.05

.05

.05

.05

.05

.05

.05
-o5
.05
.05

.a5

.a5
,05
,05
.05

"o5.05

02
o2
02
02
02

03
o2

a

a

a

13
T2
13
t2
r_3

a

H
\N
^)

a

.ry

.Ð

.30

.28

.28

a

a

a

a

.30

0.o2 0.05 0.12 0.20 o"25 0.35 o"h? o.lù o.2g 0.15 o.o? 0.05 2.1$
Total-
Avg.

KS002352
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Table ó7.-.Fecipitation at Culbertson, Nebraska a/
Ilnit - fnches

ø

192B
L929
1930

L93L
t932
L933
r.93b
L935

L936
1937
1938
t939
19Lo

19lrl-
19h2
19h3
l9ldr
L9I$

1

0

f ,09
-32
.?6

L.g7
.5lr

.12

.26

1.13
2"26
1.93
r.22
1.b5

1.19
3.1¿O
2.79
.80

8.33

L.37
r.3g
7.80
L.52
1.87

2.9|.J
L"7g
1.15
2.53
3.L0

h"91
2"73

? "29
2.51+
2.75

3.18
3.90

.gB
h.81
b.27

5.32
5.72
2.03
1"58
3"19

b"bo
8"19

.87
2.62
2.88
1,10
.b2

r.gg
1.63
3.76

.53
2.31

Iu5¿
.9lr

l.3g
5.88
2.58

.58

.38
3.81-
?rI3
2n2L

5.6r
b.6t

.o5

.oh
2.3h

2.73
L.62
l+.62

.62

.óL
o

.56

1.20
1.28
2.A3

L:26
0

.30
2.00
1.25

T
o

.32

.30

.13

.8h
1.13

1.50
.39
.U
.33
.33

29¿Ð
18.19
29.7b

1ó.68
L5'¡6
21.98
L7.?L
2L'.96

11.99
ilt.26
23.L5
12.b7
15"0I

27.æ
2l¡.ho
rt"2b
25"76
19"BL

29.13
?l*n96

arÌ.

.1O .5r 1.33
.05
.67

3.2L
,2O
53
07
tÉ

I.

.75

.b6

L"02
.50
.30

1"56
.38

.22

.12

.rh

.'l+3

.19

.29

.B?

.09

.gg

.26

.l_3

.35

.20

.00

.60
03
20
20

53
6h
2b
50
91

a

,66
2.53
2,38

-5a
.38

2.Lu

3.30
.5L

7.33
2.01

7 "751.67
l¡.?8

6.69
5.31
h'lrl+

.5b
1"86
3.gb

r
08
ob

T
b5

1.17
.bo

1.1+1
.39

L"5l+

1.20
L.8h
2.o5
3.57
1.28

Ll¡

.53

32
$
10
75
23

I

a

a

¡a

a .56
1"19
1.89
1.81
2.97

.76

.Bz

.76
l'.?]
.3L

1. ?lr
.bó

1.U
.ólr

2.32
1.38

.58

.L5
2"95

L,g2

.36
I.85
3.35
1.h7
L.26

r.3g
t"g7
2"78
1.28
3"80

.r0
1.Lg
.02
rOJ
.52

1.1ó
.ó1
.60
.12
.29

6.06
.BI

.2O

.51+

.25
1"02

.20

2.21
L"22

a

J

'.t
j.l

e

a

a

t

a

2. BB

5.Bz
1.71
7.gL
2.57

19h6
I9l¡?

TotaJ-

3.81
b"5g

2.27
.I$

2
2

23
0l¿

a

a

.l-0

.93

a

o"51. o"l+B 1"11 z 30 2"51+ 2o10 B9 0. O. â

g/ Ðata ptrblished by the U. S. tyeather Bureau.
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Table 68.-¡¡¿"ipita iqr at l&Cook, Nebraska - Inches ar/

8D¡ o

L9371
L932
L93'

1916
L9ît
1938
L939
191¡0

191¡Ì.
19b2
I9L3
reLh
rebS

L929
1930

19b6
leL?

1.10

.30

.Eo0a

.32

.o5

.l¿9
.9O
a5
.63
.93

1.h6
.35
.18

2.36
.6

.38
L.35

.IO
1.?B

.21

3.87
.37

2.O9
r16
.55

.67
L.9J

.69
2.08

.3O

1.66
L.l¡3

1.51
1.71
2.gB
1.L6
1.h5

3.9\
3.52
L.g5
9.22
2.23

3.bO
\.75

r.18
3.Lz
2.6
L;27
?.2o

5.35
2.27
5.51t
1.?L
1.?8

2.y2
2.L5
1.33
L.93
2.gl

L.l¡E
2.53

h.ba
3.77

3,u
7.76
1.19
5.Lg
2.gL

1.50
3.65
1.08
3.59
2.ilr

6.35
5.38
2.97
?r75
L.3o

6

1.12
2.1¡8.
t.77

.h5
1.3h

2,O3
L.g5
3.Lz
1.80
2.O3

1.86
.82

1,.93
7J$
2.77

5

1,18
2,22

"6LL.37
3.1ß
L.25
L.7g

1.hO
L.65
r.32
f.il¡
l¡.1¿9

3.16
.?7

2.23
2.68

.59
1.21
3.lo
1.90
r.70

L.26
.97

1.5h
,29

1.b6

5.76
\"69
.35
.0?

r.57

2"1$
1.8¡1

1.L0
6.&

?,62
1.1ó

1.80
2.6L

2.26-o
.12

1.90
1.32

.18

.60
J7

1o23
.1?

2.ó1
La27

2.2b-
.lr7

.?1

.Oi
].JO

20.5'i
38.2t1

L9.7",
16.1r:
21.1!t
16-?i
20.2?

13.?t)
16"L)
19.1.û
th.6-Ì
L7.2t

27.J5
23'Jt'
L[.3.¿
30"36
20"5L

31.Ob
20.39

2
I

.3L

.1,2
.r8 1.16

?0a

¡il1
.l¿0

,56
.18

L.52
.L9
.27

.67
¡3Ì
.L9
.88

1.20

.23

.hh

,O7
.13
.O2
?

.88

.79

.66
c

'L6.t$

.Lz
1.1¡5

T
.Vz
.J3

,79
.b5
.12
.9I
.19

r5I
.3O
,52
,B?
.75

.82

L.g7
.gL
.19

]..09
.3O

1931+
Le35

.37

.2O
*15
.53
.lr3

2
I
5
1
2

P\ñ|-_

.18 l.Û2

.29 .61

.5L z.3L

.L9 2.1t5

.99 .29

2
I
I
3

.U
2.2L 3

A¡¡B: 0.61 0.66 L..35 2.32 3.O5 3.b3 2.79 2.Ag 1.89 r.22 Oogr 0-63 2o.glr

3/ Data published by tÌre U. S. r',eather Ehlreau.

2.9\
L.?z

J5
.35

.0lr 2.03

.55 .99
30
ho

a

a
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lable 69. 
-Pre cipitaüion-Culbertse¡-l¡tqÇook Average a/

Inches

fear Jan, Feb. Mer" Apr.

0
.07
.[ó

.hl+

.16

.81

.62

.25

2.Olt
1.51
5.6ù'

.TO

o.83
2.38
2.53

3.il+
3. 83
r.oB
5.o0
3.59

L.32
1.98
2.b6
1.3h
t.l¡5

3.511
.28

I.BT
.1e
.50

29.59
22.6

5"gh

1

.5L

.77

.2lr

.#

.92

1.28
. Jlr
.22

2,16
.60

.ib

.30

p
\.¡lvr

1928
1929
1930

193r
\932
1933
1931+

L935

t%6
L937
1938
¡;939
19h0

0.12
.19

1.05

o.bl
L.76
l+.18

1.10
.62

2.32
L.92

.l¡b

l.l+1
b.67
1.83
B.06
2.b0

.16
2.58

8.26
2.16
6.Tb

1.00
2.55
?.32

.78

.88

2.01
r.7g
3.hl¿
1.16
2.r7

3.L9
.88

L.6
6.66
2.68

b.ç6
3.99

0.1+2
.78

2.LB

2.ga
.90

6.b2
1.91r
?.31+

.þ
1.óL
3.39
1.3ó
r.52

I.LO
1,8r
2.o5
1.21
l+.11¡

2.72
.61

1.66
1.51r
2.32

L.76
o

.21
L.g5
1.28

.0h

.10

.O3
0

.66

.L9

.57

.2L
1.L2

r18

26.51r
]t9.39
ll¡.OO

18.21
15.78
2L,55
L6.75
20.91

12.87
15.15
2I.L2
13.5h
16.11

27.53
23.89
rL.29
28.0h
20.L6

.L5

.?o.

.02

.26

.L2

o.lrb 1.11
.96 .2O
.6h .ho

1.50
.67- 
.2'¡+

L.32
.3h

.30 .37

.16 L.?l+
,Iù L.?o
.LB 1.65
.31 l.h8

1
.3h .72
.lL 1.J8
,10 .72
,38 L.go
.2\ .30

.oB 1.88

.\5 .7?

5.zT 5.gB
[. j6 3.hB
'l+.æ 3.26

1.18
3.26
2.72
l.Olr
7.76

h.86
1.82
6.67
1.6j
l.82

t.35
h.zl¡
Lfi
).58
lc71

2.63
L.g7
L.2l¡
2,23
3.L6

5.55
2.fr
2.16
3.7b

l+¡70
2.63

j.6T
6.zo

.fi

.80
3)16
2.O2
t.96

I.22
..óB
1.hB

.32
L5a

5.69
b.65

.20

.06
L.g6

.fr

.JO

.lh

.86
1.1ó

1.87

2.lO
1.21r

,65
o

.ß

.Llr

.11-
L.32
.01
.o2
.l+2

.gB

.53
J6
.72
.2b

6.gb
.98

2.],6
1.91r

Itbl
l9l+2
I9l+3
r9lù
r9b5

r9l+6
]:glq7

b3i,
20
38
52

a

a

a

a

.oB
l.02

fotal
Avg. o.55 o.5T 1.28 2.3o 3.L7 i.bS ?.67 z.og 1.88 t.r5 0.88 0.5b za.llí
g/ .Average of data publishec1 by U. S. Weattrer Buree.u.
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labl-e 70. -Effective Precipitation--Culbertson-&{c0ook Average a/
Feet

ïear Jano Feb. ü;ar. Apr, ltiay June JuIy Aug. Sept. Oct. Jrlovo

1928
L929
1930

1931
l932
L933
193h
rÐ5

L936
t937
1938
L939
191+0

t ghr
L9b2
19!3
leLh
1g&5 .

191¿6
L9lt7

0.09
.02
.03

0.03
.ilr
.29

.10

.15

. l-9

.r0

.11

o.16
.12
.33

o.13
,r2
.18

.02

.10

o
.01

o
o

.o5

"o2
.O5
.a2
.og
.01

.L9

o01
a2
0s

0

.oh

.oó

.42

.ol¡

.Q7

0l+
o8
o5

L2
a5
a2
10
03

23
27
09
32
26

26
3l¡

32
29
30

09
2b
20
OB

3tl

3I
t5
3b
13
IL

n
L5
10
1B
23

3L
20

0. o.33 o.3¿r
.25 .L7
.2U ,31+

O.O3 0.
.06 ..u.

0?
1B
19

Dec. Total

1.L6
2.2b

0
.01
.0lr

.ol

.06
0

.OZ

.01

.10

.0]

.02

.17

.o5

.01

.02

.o2

.01

.01

.olr
,02

.03

.09

.oL
,11
.a2

.01

.oL

.03

.13

.13

.13

.25

.11

.29

.L2

.26
"13

.33

.33

.19

.17
,26

o

25
02
lir
0l_
0b

.06

.11

.06

.L5

.a2

.L5
"06

22
07
3L
r5
1B

OL
13
25
}I
t2

11
th
16
o9
2B

L5
th
25
09
L7

23
o7
13
3l+n

.20

.a5
.34
.28

"08
.19
.18
"06
.o?

.05

.07
,25
.Lo
.15

.10

.o5

.L2

.03

.12

.33

.31_

.02
0

.15

.18

.06

.o5
0

.03

.ob

.01

'0¿l.01
,o7
.05
.O2

.01¿

,02
.01
.47
.O9

.ï+

.03

.02

.03

"oh

1.39
1.18
1.5u
L.23
L.35

0.9i1
1,1r-[
1.1+3
1.05
r.23

1.88
L,66
0.90
l.?3
1.1r7

L.g7
L.59

llr
0

15

ùJvr
o. o9

o5
18
15
oh

25
31
llr
3Ir
19

01
T9

a

I

a lCI
o
o

.03

.08

.ob
03
06
02

3l+
OB

a

a

a

a

a

a

C

a

a

a

!

c

a

a

t

.10
.01
,08L5a

Total-
Avg" L,oL o"o5 _q:_og_ û.ú 0.21 0.2h 0.1g o"t5 o.th o"07 o.o? 0.ob 1,,lrl+

g/ Average of data published. by U. S. 'tfeather Bweau.

KS002356



labLe 71.--Consunptlve Use Requlrenents of Irrigation ïÍater
Meeker - IÞifhrood Unit

Feet per acre Imigated
2/ïear Apr. May Ju¡e .Iuly Aug. Sept. Oct. TotaL

9/

L929
1930
1931
t932
r933
L93h
L935
L936
L937
1938
L939
191¡0
LgbL
L9Iû
Leh3
r.9¿¡h
L9I+5
1eh6
r-91+7

.il¿
0

.L7

.lL
o
o

,22
0

.06
0
0

0.07
0
0

.07

.26

.0ó
0

.25

.05

.22
,o9
.22
0
o

.16
0

'07.09
0

o.2g
.08
.30
,27
.30
.lrs
.37
,33
.32
,23
.38
.3r
.2L
.29
.31+
.02
.25
.18
.0?

o.LL
.10
.25
.22
.05
.r-6
.L3
.2I
.2|,+
.IB
.27
.18
0
0

.28

.28

.13

.12

.L5

o.03
o

.09

.og
,L5
. l_3

.r0

.lh

.aú

.15

.15

.12

.03

.09

.L2

.08

.12
o

.07

Qe97
.bl¡
.86

1.05
1.07
)..55

.95
r.52
L.30
1,08
L.5L
1.3,l+

.56

.67
r.53

.71

.82
,90

"ó8

0.09
0
0

.0h
"08
.L7
.r0
.1.7
,Lg
.09
.11
.07
0
0

.13
0

.05

.25
0

0
0
0
o
T2

0 38
26
22
36
11
33
25
l+z

3r.
21,

3l+
33
3z
2g
28
33
ilr
26
39

a

a

a

t

t

a

.25
0
0

a

a

t

)

a

aA !

2/ IncLudes one-haLf of portlon of Nov,-Mar. requlrenenù not rnet þ
the effectirre precipitation for that period.

LtT
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Table ?2.-Dj.version Requirrenents - Meeker-Drifùwood Unit g/

1929
1930

19l+6
L9l+7

0.u
0

0

0.13
0

o
,13

.lr
0

.L7

.09

.ltz

.u

.l¡2

.þ

.13

.u

.72

.g

.lra

.ó8

.21

.63

.l+7

.Bo

.59

.ho

.65

.63

0.
.19

.h7

.lt?

.Ì0

.JO

.25

o
o
.5i
.53
.25

0"0ó
o

.1?

.17

.28

.21

.Lg

.27

.09

.28
,29
.23

.CI5

.17

.23

.L5
Q3

0

1.ó3
1.gg
2.O3
2,glr
1.80

1.0ó
lr27
2.9L
L.35
L56

0
0

CI

0

acre-feet acre 1

0 0

.63

.6r

.ldr

.72

.59

a

a

2155
L5

57
5r
57
85
7o

.61

.55

.53

.6j

.27

.lrg

.7L

ho
55
65
oh
L8

3lt
1l

t.gb
o.8lr

1931
l:932
l-;933
1931
l.935

l-936
t937
1938
1.939
191+0

191¡1
r9lÊ
19l¿3
191+lt

r9l+5

o
a

t

I

o
a

a

.bg.23
.l+8

.27

.o8

.L5

.32
'ìo

LPt

0
0

0

32
36
t7
21
13

25

.hB

CI

0

o

?.89
2,Lfi
2.O5
2.87
2.55

l¡o
L6
3ì+

5t
3h

H
\).¡
@ .32

.2r

.11

0
0

a

0

a

a

o
0

0

23
290

.09

o
0

a

a

T.7I
.13 T.29

o.15 0.11 0.16 0. 0. 0. o.r? 1.

upon sses pe
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lab1e ?3.--Ðivercid¡ Beqrrfu'e,ænts - Ie€þrÐriftrcod Unit - 1órlùO ecreg

t000 .+Ïf iÊ

L9?9
1930

?.1
0

7.7
r.5
6.9
2.8
6.9

9.0
2.5

g.L
g.L
I 'l¡Llr.O

11.5

10.¡
r0.0
7.2

IL.6
9.7

6.6
9.O

10.?
o.7
7.9

5.6
2.r

o

t.,
5.9
2.8
3,5
2.r

L,5

7.9
0

0
1.3
?.5
5.3
3.1

0
0
3.8
7.9
0

o
l¡.1¡
0
5.3
3.5

o
0
6.9
o
1.8

l.o
0

2.8
2.8
l¡.6
l¡.I
3.L

h.h
1.5
&.ó
l¿.8
3.8

0,8
2.8
3.8
2.5
3.7

?6.8
32.7
33'.5
l¡B'h
29,5

lú''6
ho.ó
33,7
lû.3
lr2.o

17.l¡
20.8
b7.8
22.3
25.'

28.2
2L.2

.8
2

u
8.

0
o

3o
13

.5

.l

.7

.9

.6

3
3

7
6
I

2
II

a

H
\:'.1þ

193r
Í932
1933
r93b
t9t5

19t&
19h2
I9l¡3
191¡b
Til$

L936
r93?
1938
L939
19ü+o

1"9b6

lþt¡?

0
2.1
8.1
L.8
0

oI
.7
.1

0
0
I
I
l¡

0
o
l¡.9
0
2.r

2.8

6.9
ll.2
t.5

IO.l¿
7.7

l¡.9
l¡.L

6.6
7.6
5.6
g.b
5.6

3.8
l¡.8

13.2
9¿7
6.6

10.?
10.1r

10.0
9.O
8.?

1O.l¡
[.lr

0
o
h.t
0

o
0 o

8.L
12.2

Averâge 1.8 2.6 8.a 9.1 5.o 2.8 32.O
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l¡¡€ker-Drlftrcod llnlt

omss ev¡poretion.-Îht eveporatlon rcsoidc at 0olby¡ Kansea,
correErtãã-tã?Fãå-ñEr autfecer tablc fl¡r rprÞ used as e bepls. for
deterrnlnlng thc evaporatton ratã at Sransón i¡nçe tor ths nontt¡¡ of
April through SeptøUel.. A factor detemirpd fron ctra¡t¡ þublfched
tí ttr ulnnãaotiResoululg Coqntselcn ¡ag uËðd to ad¡pt the Oolbyl
Kansas evaporatlcr f¡ëoids to tåe Srva¡rson Le¡ce efê¿. y The Colbyt
Kansas racãrds mrð ntrlttptled þ ùhe folloútlfi! fectoTr to cbt¡ln ttrc
evaporatlon ratc for $ranss¡ Lake.

xonth F¡ctor

^*-llaY
.Iung
,Iuly
August
Septeuber

Octobar
llorc¡ber
DecenbGr
,lanuary
Febnrary
llarch

0.t3
o,g6
A19,
O.9lr
o.g,
o.g5

Records of evaporaùion are not collect€d fn tål¡ arsa durtng tåc
rlnter because of freezlng rveather¡ ùherefore the rates of evaporation
for tlæ tf¡ter nonthg were used as published ry the lllnnesota Resources
Connisslonr /

Evaporatlon rate
tbntùr in lnclrea

\.95
2,05
L.T$
L.25
1,[0
2.1r0

îhe gross evaporaùion ratca deterntr¡ed for Sça¡rgon Leke are pneoentcd
tn table 75,

Preclpitatlon ovar rcscrvoiri-PrêclPl-túlon dete collecüed by tÀc
iveathFffiffiE-CütEr:FdõE$Eraska, repre se nüs the p ecÍpltat lo¡t f el 1-
lng over Snanson Lalre erea, Ánd these ilata a¡e presented in tåblo ó7.

lfet rese¡voir evaporatlon.--15s net resernoir evaporation rate ls the
dlffcFncã-Eãffi Tffiffiã-d:past consunptive uses frø the reserrrol¡
â16êr For ùhis study, the past consunptive use is estlnated to be eçnl
to ttre precipttation over the reservoit area, The net evaporat'ion -tlrere-
fore lithe ãtffe¡ence between the grosts evaporation rete, table ?5t end
tåe preclpltúlon over the reservoir.eree, table ó7. the neù evaporation
for Sransãn Lake ls showr¡ ín table ?6.

L/ t¡yaporation fro¡¡ Lakes and Reservotrrt, published by llinnesota

il+o
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Tab1e ?b.-Reservolr Evaporation Rates, CoÌby, Kansas y'

75
39
96
9L
5t

9l¡

l¡8
2A

.11

3
5
5
5
6

tr
5
Ir
Ir
h

P
Il

L929
1930

5"b5
b.53

,
a

79 6.63
7.L?

9.37
6.1.16
g,5b

to"55
7.2o

9"1I
6.80
7.2L
9.22
g,t7

6.82
5,68
7.?6
6.72
5.b5

8.50
5.68

9.38
g.g3

7.73
7,O9

7.53
8.60
6.66

10.01
8.7t

9.06
9.20
9.99
7.99
7.L9

5,1ß
l¡.?l¡

7 ,'67
5.gL
6"L5
5.96
5.83

6.39
5,6t
5.85
8.38
5,01

6.35
l¡.93
6.39
5.62
5.'to

6"13
7.81t

1931
L932
1;933
L93l¡
L935

1936
L937
1938
L939
19b0

191û
L9ll'2
191¡3
leLh
L9l+t

L9h6
L9l+7

a

a

a

o 90

22

g"g5
5.00

5,96
5.72
l¡.61¡
6.33
t.56

6,23
l¡.n

?1
t

l¡
5

5
7
5

r3
50

6.L7
6,1ú
1r.98
?.28

9.2L
9.72
9.t6

lQ.73
11.]I

lt-.L5
9.68
8.6?

10.99
9.87

7.2o
9"O2
9.53
6.89
7,89

8.1¡8
7"30

7"O9
7.5Q.,,
9"olr
7.31
?.10

8.98
9.20

6.68

3.56
3.96
5.32
2.?2
3.72

O 82
.gg

5
3

9/ Evaporation Rate equal to O.9h tines evaporatlon fru pau recorded by U. S. ffeattrer
Bureau at Colþ¡, Kansas. 

ì
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Table ?5"--Oross Evaporation at Swanson Lake a/

Feb" Maro

Inches

Apro l[ay Jrx¡e Ju].¡f Oct¡ Novo Deco Totala

\.95
\.gS

16
5o

29
.6L
.81¡
.6
.5b

\.95
lt.95
\.95
I$95

g
ts-
l.)

e5h.
6.08

98
5z

ïear

L929
1930

r.93r
L932
L933

Jaû"

I
L.25
r.25
L.25
1.25
L.25

L.25
L.25
L.25
L.25
L.25

L.25
L,25
L.25
r.25

L.25
L.25

7J. [2
r,25

Au€o

.3h 5,.?h l¿.
t.l¡o
I.l+o

1"hO
1.h0
L"bo
l.bo
t.h0

1.1r0
1.hO
I.lr0
1.h0
1.ho

1.h0
1.h0
I"lr0
I.h0
1.LO

ZO.OU
1.h0

lr.60
5.01

5.L8
6.gb
5.8
8.50
b.80

5.92
6.zL
l¡.78
6.gg
6'bt

S'.:,lt

IUö olrT
5.7L

8,82
8,39

8.66
f.il+
g.6r

LL.97
lO"lrL

10.?6
9.10
8.15

10"33
9.28

6"77
8.1+8
8"96
6.b8
7 "b2

I 25
25

2
2

5
L

07
2,

ho
ho

6;3A
6.81

7.95
6.}b
g.06

L0.02
6.81r

7
6

7.L5 7
8.1? 5
6.33 5
9,5L 5
9.35 5

8.6L
8.?h
g.hg
7.59
ó.83

2"95 1.b5
2.85 1.b5

1.1+5
1.h5
I.l¡5
1.h5
1.h5

2.95
2.85
2.85
2.95
2.85

1.L5
r.h5
1.h5
1.h5
1.h5

2"95
2ó85
2.85
2.85
2.95

1.h5
1.h5
1.h5
1.1¿5
1,1r5

5r'.59
lÐ'.96

a

ù

a

193h
L935

2.1r0
2"h0
2.h0
2.h0
2.b0

2.hO
2.h0
2.b0
2.h0
2.bo

2.h0
2.1+0
2.lr0
2.b0
2.hO

2
2

4)¿OU
2.b0

3.bg
5.01
5.51t
5.5o
6"o5

\.59
b.75
h.u
3.9L
b,56

3.31
3.68
b.95
?.5J
3.L6

5.ht
3,6r

o-t.ou
h.LI

l+,95
\.95
b.g5
b,95
b,g5

b.g,
b.g5
\.95
\.95

2,85
2.85
2.95
2.85
2.8t

2.85
2.95

)4tL2
2.85

5b.32
55.2t
5I+.96
ó5,1¡8
56.32

5809o
5h.89
5i,io
59.8b
55.23

l$.35
h9.io
5l+.69
h8.05
l¡?,9t

56.w
50.88

c

rÐ6
Le37
1938
\e3e
19ho

)eh3

Lgl$
t9b7

Totat
.â.ver

9.65
6.1$
6.85
8,?6
9"49

6.1¡8¡
5.h0
7,37
ó"38
5.18

6.?h
7 *2O
g.5g
6.gb
6.7h

6.oT
5.33
5.56
7.g6
h.76

6.03
h"6g
6.07
5.i\
5.\7

b.g5

5.72
5.56
h.[5

L,25reu
19h2

5
h

l9blt
L9l+5

.lr0

.bo
I
1

ho
bo ôc

LJ'l .ZZ rOOc)y r4O.r' rru.
7 o?2 8"7? ?.80 5.

,97 8"53 5.8? b.95
.86 8.?L T.l$ \.95

14 74cv)8o \.95

8"08
5.1*o

7
6

L,h5
1.h5

A9e
41c22
I.lr5

LV49¡ê2
5b.ol

4 Qsf.{t'laro based on Meyerts maps. Apr.-Sept
(lpr "-o-93r !ûay-O. 96, June-0"95, July-O. 9b,

. based on correction faetors for resordg at Colbyr Kangas
Àug,-0.95, Sept.-O"95)
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lable ?6.-Net evaporation rate at Swanson Lake 3/

Iear Jano Febo l[ar. AFn. Uay Jr¡ne Jr¡ly ÀnB. Sept. Octo Novo Iþo. Total

t929
L93a

L.A5
o.25

L.25
a.6t
L.22
r.05
l.05

a.72
o.6r
1.01
o"75
0.31¡

0.16
o-93
o.gg

4.72
0.71

l.r3
o.gg

a.65
0.91r

?.35
r.73

-O"81
2.20
0.8?
2,33
L.9l¡

r.gh
1,21
0.51
o.5g

4,57

t,6h
1.58
1,61¡
0.69
2.Og

0"6ó
L"9l¡

3.2).
o.?7

2.36
2.75
3'6r
h"e8
lr.6o

3.1¡z
L.1l
L.85
2.53
3.98

o.L3
-4.il4

3.21¡
-5.38
0.89

5.26
o,66

-O.
o.

6.96
l¡.60

3.85
7 ¿66

-1"@
7.5o
6.1¡3

9.25
6.89
6.lh
6.w
5.57

5.35
5"23
5,81
5.66
2.gb

2.63
2.r2

6.7L
5.23
2.A3
3.53
3.33

L.9o
L.93
L.r5
7.5i1
3.22

0.b2
Oo0?
6,9¿
5.3o
3.lJ

3,59
t.l+1

3.33
aJ3

L.33
l¡.3L
\.95
l¡.39
lr,5t

l¡.85
3.76
L.g3
\.gz
L.L3

3.79
L.3L
\.35
l¡-L3
l+.6ó

-1.1-I
l¡.rh

L.57
0.82

L.5g
2.95
2.55
or85
1.óO

2.95
2.n
2;ß1
2.85
2,1¡O

2.65
2"3L
2.æ
L.83
2.65

o.'61¡
1.63

1.b5
o.92

L.13
1.30
L.35
0.?0
r.22

1,tr3
t.rj
L.32
0.61
o.32

â.ù5
1.06
1.28
1J2
1.12

L.35

33.1+o
2a.22

37'6lt
l¡O.05
32.98
lß.25
3\.76

b6.9t
l¡o"63
3A.L5
b7.37
Iñ.zz

76a

a

7L
57

3
b 06

7.t5
3.ór

H.-l-
\r.l

1931
L932
L933
r93h
L935

Ln6
T9'T
r938
L939
19Lo

191¡I
I9l¡2
191¡3
191+lr
1eL5

r9b6
191?

o"3g
0n90
I.ro

-O.16
r.02

T.I8
1.28
1.26
a.g7
1.2L

1.11
a.53
1.3r
0.1¡Ì
1.lh

L.2T
r.05

\.29
3.ld¿
2.1$
7.70

-3.53

L.r5
l¡.83

-3.O?
5,Tú
b.5L

\.77
2.2b
8.08
5.2L
2.57

7.79
6.52
5.Tj

r0.87
to.o2

8.77
7.1+7
L.39
9.Bo
6.gT

2.25
7.511
7.57
o.óo
l¡.81¡

l¡.t6
2.28

7,1+'
r.62
L"8o
5Je
?.81

1.L6
4.32
5.3b
b.8Q
I.gg

1.O? 3,ó8
L,79 -2.?8

2.
3.
3.
3.
1.

78
7?
30
55
9lr

?r.69
2lr.9o
lß.1$
22,29
28.1O

6.26
8.2? a.52

2?.96
25.92

O.?l¡ o.92 l.2g 2010 2"111 3"76 6.23 5, 3"lL 3.88 2.10 1.00 3L.05

g/ Evaporation at Colby, Ka¡¡sas for sunær nonths corrected to free water sr¡¡face less rair¡fall
recorded at ü¡]bertson; rinter nontås based upon A. F. Meyersr evaporation study.

Itfagative values i.ndieate the a:¡ount tåat ÞreeinitaÉi-on exeeedeê Aross evaporationr
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Meeþr-Driftwood Ïlnit

To facilitate computaùions necessarxr to deùerrni¡e the water lost
by evaporatlon at differenü reservoir capacities in the nonthly reser-
voir operations study, a series of curves, one for each inch of evapor-
ation, uere drawn by ploùüing resenroir conte¡¡t' in Ir00O acre-feet as
ordinate and evaporation loss in 11000 acre-feeü as abscigsas. By
entering the curve w:ith the everage reservoir content üo the nonthly
evaporation rate ln inches, the couesponding evaporation loss for any
nonth was indicated. the reeervoirr s evaporat'ion cr¡rves for Swanson
Lake are sholm'ln exhiblt 23¡

Seepage

Seepage losses frcm ühe reservoir were estfunated to range fron 0
to J second-feet based on geologic and consüruction data. For the opere-
tion study, a constant seepage rate of 3 second-feet was used, This is
equal to approxinauely 200 acre-f,eet per nont't¡.

lllater Utilizaüion

[n operation sùudy showir¡g the water deüvery on a nonthly basis has
beer¡ nade to detennine the adequacy of the Ìvater supply available to the
r¡nit for devel-opment. The study was based upon water supply and cl.:inatic
conditions e:clstlng during the period 1929 through Lglfi. The IO-year
perlod 1931 through l-9L0 ls consl.dered to be ühe nost critical period of
water supply tåd has been oçerienoed since reoords were first'estab-
lished.

Reservoir operaüions

fhe operation study is based upon conditione expecüed to exist in
Swar¡son Lake after 50 years of use. ft is estinated ühat ttrp storage
capactty at tùris time will be decreasea 6lrrOOO acre-feet due to aecu¡nu-
l-ation of sedi¡ent in the reservoi.r. The anor¡¡¡t of water avaÍLable for
developnent of irrigatlon ras deteruined afùer malcing depletlons for all
developuente that vrlll occur due to upstrem devel-openü.

TabLe 77 is ùhe operation sùudy for the l¿eeker-Driftwood Uniù. Thfs
is a æIat'lvely simple study because aII rele ases for irrigd ion of the
unit w111 be made aù Trenton Dan. The following operation críterla ¡¡ere
used ín making the operatíon etudy:

I. Method of meeting inrigation denands.

ê¡ AlL irrigation dennandsuere meü by releases fron
Srvanson Lake aü ùhe dm site,

2. Requirenent's for other than irrlgation denands.

êr No r^eleases were made fron Swan son Lake to supply
negaülve sectional gains. ft lras assuned that
negaüive secüional gatns which occuned historically

ilrh
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cr' Seepege was estinated to be 2@ acre-feeü per nonùh,

3. Beservoir content

âr The reservolr irrigation storage capacity is 5B'B0O
acre-feeù and any water available for st'orage after
this content was reached was spiJ-Ied.

b. Releases could be nade frcm the reservoir so thaü
the entire 5BTBOO acre-feet could be neleased because
there nould be no dead storage poo)- eü the end of 5O
years of operation.

lr. fnüegraü1on of operaülon with other u¡¡its.

âr No releeses fro¡n upstrean reservoirs were made to
help satisfy demands in tl¡is unit.

b. No releases ûere nade üo help rreat denands of other
ru¡its downstream.

A colw¡r by bnlunun e:rplanation of the operation study, tebLe ?7t
fol-l-ows¡

1

Meeker-Driftwood Uniü

between Trenton Da¡n and Bartley Íould be net by return
flons from the Meeler-Drlftn¡ood Unit and fron the flor
of trlench¡nan Creek. ft nas assw¡ed that any negative
accretions not supplled 1n this nanner rvould occur
below Red i¡Illlow Creek, and reLeases ûere ¡¡ade 1n the
operatlon study of ùhe ned Wil1or Uniü to satisfy this
denand¡

b. Evaporation losses rere dete¡mined in accordance with
the average reservo!¡ content deternined f¡rcn Colunr¡ 9
of the operatlon süud¡r, and the neü nonthJy evaporatåon
ratæ, table 76,

lears. The years through which the operation sùudy was
made, 1929 throwh 19b7, are lisüed 1n this colr¡¡on.

2. !&nths. The nonths for each year are listed in ühis
colunn.

3 a Depleted lnfIow into the reservoir. This coLì¡nn is the
inflow detenni¡ed in table 62.

l¡' Evaporation rate in i¡rches. This colunn is the net
evaporaùion rate for the reservoir area as detennined
in table 76.

" t1v
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Meeker-Drlftwood Unlù

9. Evaporatlon loss. Thfs colunr¡ was detemlned by enber-
tng the evaporation chart, exhibit 23r ûith tàe average
reservoir content, dete¡rnlned fron 6o1t¡øt 9, ¿nd readirng
the indicated Losgr

é. Seepage. Seepage is esti¡nated to be 3 second-feet of
200 acre-feet per nonùh.

7. Dfverslon requirements. this colunr¡ l-iets tt¡e ùotal
diversion requirenenüs of the unit theü rvere deternined
ln table 73r

B. Change ln reservoÍr content. This ls obtalned by sub-
tracüing the evaporation, seepege and diverslonst
colu¡rrs 51 6, and 7 fro!¡ the reEervoir inflowr colnmt J.

9. Resenroir content at the end of ttre uonth. this eoluøt
ls det€rnined by addtng algebraically th€ change ln
contenù, col-unn 8, fron the content at t'he end of the
prevlous nonth.

lor Shows such spill as nåy be necessary to avoid showlng e
conùent at the end of any nonthr colunn 9, greater ühan
the oapaclty of the irrigaúÍon pool or greater than
581800 acreJeet,

11. Show such Ehortages es nåy be nêcessaw to avold showing
a contænù aü the end of arty nonth, colunn 9, less than
zsro acro-feet.

lable 78 is a srnner¡r of the operat'lon study ùabLe 77. this table
shows üt¡at the reservoir would spllL conslderable rater ln every yeef of
the operatlon study excepü L937 xtd 19L0, when the resenvoir would not
have filled, ard 1932 rhen or¡ly 3r0o0 acre-fêÊt wor¡ld have spilled. The
sùudy lndicabes thera rrouLd heve been no shortages durlng the period of
study. The fuLl dlverslon requirenent for the unlt couLd heve been
furnished every year of the stu{yr

Exhibit 2h, Reservoir operat,ion chart, gives a graphlc representa-
tion by mcnths and træars of the resefl¡oir inflor, inr"igation demardsr and
reservoir sptlls for each month, and the reservolr oontent at tùe end of
each monùl¡ for the period of stu{y.

Releases for Publio Health Servlce*-
Useful desirable nininun flons necessaty'to neet publtc health

requir.enents ae reconnendEd by the PubLíe Health Senvioe ! ,r" h second-
leet at Culbertson, 50 seoond-feet at Mc0ook, srd 10 secofü-feet aü

þ/ Kansas Riv.er Basin Tlater Pollution Investigation - Federal
Secwity Agency, Publlc Health service, Jr¡ne l9l¡9r

151+

KS002374



Tebl€ ?8,--Br¡meqf of Resernolr Operatlors - Srranson Laka

3r êt rC
Iear Inf1cn Reoul-renant T:nd of Teer sotUs Shortgcc

Lg28
];929 37.'7

105.1
6b.9
1r3.9

L57,2
b2.?

ù86.1
l0?.2
65'lt
99''6
78.1

5?.tt
L5l!,.5
165..6
l$.3

120.9

69.3
LZL'3
112.2

2r'll
58,8
b7,6

58.8
22"9
35.8
58.8
2\.5

29.L
58.8
58,8
11.3
j8.2

58.0

TL.9
l$.7
3.O

g8.g
3l¡.o

393.?
17.O
0

32.O
51.r

0
99&

L35.5
30ß
63.5

32,2
ób.1

106.q

30,2

13.8
26,8
)2t7
33.,
b8.l¡

29,5
b7,6
lrO.6
33 17
1t7,3

lr2'O
17.1¡
20.8
b?.8
22.3

8.3 o

o
0
o
0
o

o
o
o
o
0

o
o
0
o
o

o
o
o

1930
193L
L932
L933
L93l¡

L93t
],.936
1937
1938
L939

5.8
9.lr
9.8
9.0
9.6

8.8
11.L

915
9.5

11.ó

58.8
39.|t
35..11
t8.8
7.1

2.1¡
2.tt
2.tl
2.1¡
2.1¡

II
2

19ll0
191ü
r9b2
19[3
191+l¡

\9\9
L9l+6
191¡7

?.1¡
2,\
2,tt
2.1¡
2rb

8rL 2.L
6.0 2rlt6.g z,tt
9,3 2.\
9,8 2.b

7rS
?,7
6,lt

25
28
19

2tlt
2,tt
1.8

39.
58,
38.

a

o

5
2
I

¡wr+e ub.5 8.3 2rl¡ 3210 l¡l¡¡2 7310 o

-
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;resl(s$-Drlf t: ood U¡lt

Indlimola¡ Tbc ai;¡t6¡n flm mqulrercnt for lrenton la not llatadr
ft hgs been shotr¡ ln t!¡e dlscr¡adfqr of ttre Fenchnen ll¡rit t'hat t¡ha

reeo¡unended ulni¡¡r¡¡¡ f,Isn of Franohnsn Creek ¿t Otrlbartson wlll be

ngt.

lhe caoblned flo¡î of Frenol¡nen crsek âad thå Republtcan Blwr
after der¡aloprnenù plus the ¡eturn flows frcm the Fre¡rcl¡nan ar¡d UoekÊ¡-
Driftwood llnitc, täOte 82, wtll be .svallable at l[ooook to geet publJ'o
health requitenránta. the-¡¡inlq¡u 5O seoond-foot flow st lbQook ls
egual to j..OOO acre-feet per nontlr and tabtre ô2 shows thls flow tould
be net tþrðughout the period of atu{y elæept ln Saptenber 193O a¡¡d

August 19r?r- Beceuse the Pr¡b1!,c Heå¡-th Se¡wloe sho$s no fl.ow lg
re[utfed to preyenÈ danage et ltCQook, and becat¡se tbe n{ nlnun nontt¡}y
floï r¡ndcr Ñ¡ure condltLona is esùLnated tq be greatet ln ænthg of
rolnl¡r¡n flor than oscurred ln thoes months blstorlcalJg, lt ie not
oonaidered necossary to malc regervolr releases ùo noet public hss.Lùtl
regulrenents at ìûcGook.

All flors ¿t tlcQook are son¡ldered to be avalleble at Indlanola¡
therefore tlte¡a should nob be an¡r dlfflcr¡tty tn trèst'ing ühe 10 geooad-
foot public hsalth reçriremenù et Indlanols'

8stl¡neted fl,or peeslng unlt

the estlnated flow below lrenton Dam after derralopnent 1¡ tisted
Ln table 79r This fllsg will result from stsepage and epdllu froo tho
den. fbe estt¡ùated flow of the RepublLcan River et Çt¡lbertson, plue
the rabunn lLours f¡um the Lleeker-Di'iftwood LfnÍt, table 81, la urade up
of the retum ftArs f¡on tha Meeker-Drtf,ùwood Untt, table 6l¡r pluc tlra
fLow belos the dun, ùable 79¡ plua the hloüorlcal galn i-n floil of tbe
Republican Rtve¡ bãtræen tteirtãn Da¡o ¿r¡d Crrlbertson, tab3.e 80. $1f8
flow plue the .CLow of Frenchnan Creek st CìtLbettson aftßr drveloprenù,
table l¿5, ta ühe flow thât wlll be available ¿t lßCook to meet publlc
hsclth requlrernenbe, table 82r

It ic planned to build Bartley Diveraion Dsm on the Republlcan
Rivar oue and one-h¿lf milee belqrù trndlanola, aa a part o{ tlte develop-
nent of rbs Bed trtllow Untt. It wlll be tt¡e f,Lret polnù on ùhe Republ.t-
oan Rtver below the MookEr.-Driftvrood Uniù whe¡e future divcr.sions ar¡
plarured' ì/iate¡ availsbl¡o for dlversion aù this potnt nriLl consiaù rf
ühe ffLowe as conputÊd in table 82 ptus the sectional accretions bst¡rÊÊn
Culbsrtson and Barliley Diverslon Dan as conputed 1¡ tlte dieaussion of
tùs Red WlLlor Un1t.

L97
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Table ?9.-Estinal.ed flow of Repr:blicarr River bellcm 8¡uansqn Iake after developns¡t a/

(unit-ræo acra-feet)æ .-.-.¡---..---. 
-ïear Jan" Feb" lfar" AÞr. üav June Julw Aue. Septo Oct. Nov. Dec. Totalæ

];gzg
1930

9.J-
o.?

19rr
L932
1 933
193h
1935

9-9
0,2
o.2

11. B

0.2

t%6
r.937
1938
1939
ub0

6.ó
0.2
a.2

llnO
0.2

o"2
6.7
9.b
O.?
O.2

rgb6 oo2

19"? -9.8 12.8
10.5 8.¿r I7.?

f,.8
?.8

1"0
9.L

0.ó
3.O
0.2
o.2

ßT.2

J.8
0.2
3.6

LIOB
4.2

lo.l+
18.?
0r2
3.3

Ll¡.8

0.1+
2ó.8

0.2
9.2

CI,2
o.?
co2
0.2
0.7

0.2
0.2
0.2
0.2
0o2

0.2
0.?

0.2
0.2

36,5
0.2
0.2

0.e
0.2
0.2
0.2
c.2

1.7
Or2
O.2
Q.2
oJ
0.2
Oo2

c.2
o.2

0"2
o,?

-10"6
0.2
O.2

0.2
0.2
2"7
0.2
Ð.2

5o1
O¡2
0ce
O.2
O"2

Oç2
0o2

0.2
0.2

0.e
0¡2
0.2
o.2
o"?

o.2
0.2
o.2
0.2
o.2

5o8
0.?
Q"2
0.2
0.2

o.2
9.6

o.2
lb,?

0.2
0r2

12,8
a.2
3.5

ot2
0.?
3'O
o.2
0.2

9"1
20,0
0.2
0¡?
0.2

60.b
?l¡.3

6.5
1o8,3

F
c,1

1l,3
0.2
o.?

L?,6
(ì.2

9.o
clo 2
co2
3.1+
0"2

lJnz
lj.o
il,2
0.2
J.7

c"2
1¡¡.0

12.e
0.2
2.1

10.2
0.2

L¿,9
0.2
o.2

?o,5
0.?

0.2
lt1 "2
7.3
0.2
5.1¡

9"7
0.h
0.2
0.?
0.2

2"2
o.?
Oo?
5"L
0.2

ï1"3
1l¡"2
o.2

1?.8
8.J

oo2
LB.0

0.2
o.2
2.?
0t?

193.1

0.2
0.2
5.b
0r2
0.2

0.2
0.2
o.2
0.2
o.2

8.1
8.7
Ao2
o.2
0.2

1r8.1
5,1¡

91,3
3ó"lr

3gó.1

79"L
2.u

3h.lr
53rS
z,l¡

10fol¡
13?.9
32.'l
65.9
3l*'6

hl.?
0.2

?3.5
4.2
0.2

3.0
8.6
0"2

].:5.2
3"0

b"o
].:9r9

Ló"3
O¡2
0.2

?8.ù
a"2

32.9
l.B

r9l¡1
191¡2
1913
t etù
191¿5

10
?o191? 7.7

6
1

a

a

0"2 9'3 8.1

Average 3.9 g"z 9"9 t"6 19,.3 !?"7 lr"3 a,z z.z on5 aoz lr,r 75.?

! Sr¡¡n of SP{rr" Plus seepage
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t¡bte þ.disüorical g&in inflcr of Reprrbllcaa River betçeen lrento¡r Dan a¡rd 0ulbertsonr l{ebre

1g2eltro
1931
a.93?
1931
:'931r
1935

l';936
L937
1938
r939
191¡O

f9l¡1
19[2
191¡3
r9¡ù
r9l¡5

191¡6
19ù?

0.6

a.3
0.lr
0.h
o.5

2
h

o.o.J
0.3

o,ü
0.1¡
0.1¡
0"1¡
0,1.r

0.8
O*l¡

0.ó o.
0.1¡ 0,

60 a o.l¡
0.5

3
5

o
0.1

0.1
ó.1¡

0.1
0.J
?.?
o
ûl5

o.1
0.1
O.l¡
0.2
0

o.2
0.J

0.3
0.1¡

o.!
0.3

o.J
0.3
0.3
o.2
û.2

û.2
O12
0.2
0.1
0.1¡

l¡e
b.6

3.o
)13
?11
2.5

L9t?

l+.7
lr.o
5.7
3.lt
J.5

7.5
7.1
2.2
6.2
3,8

5.6
3.8

<-lr

o.3
o.2
0..3
o.t
0.?

O. q

o.

o,5
4.3
tI.3
0,1¡
o.l¡

0.1¡
O.3
o.tr
o.1
O¿?

o.3
o.5
o,5
o.6
a.5

O.l¡
2.6

O. (

s-lt

o.9
o,5
CI.1¿

o.7
O.6

0.5
1.6

O'l¡
o.)
o,J
0,3
t-]

0,lr
0.b
o.lr
0,3

o,2
O.;
o.g
o.l
8,6

L.6
0.7
L,l
0.1
0.1

0
0.2
0.L
o
0.8

0
0.1
0.ó
O,2
0

112
0.1
0
1.2
o.2

1.7
3.1¡

Orl
0.2
oú
o
0.1

Orl
It.2
0,1
0
0.1

0.L
0.1¡
0
0.1
0.2

0.5

o.2
O,l¡
O.:,
0.3
7.2

0r?
o.8
o.?
I,O
0.2

o,3
-f¿

o
0.1

0.8
0.ó
0
o.1
0.2

o.3
o.2
,f,¡3

0.2
0.5

0,J
0.?
0,r
0,1¡
0,1

O.l¡
0.3
oob
o.lr
0'l¡

0;l¡
i).!
o.l
0.2
0.2

0.ó

o
0
1¡3
o
O.3

0
0-3
o.8
0
o.L

o,3
0.6
0
0
o.l

H
\JI€

0.8 0.3o.9 o.5
0.3 0,3
1.1¡ O.?
O.l¡ O,J

o.l¡
r.7
0.J
o.ó
o.J

0.é
O.J
oç3
orê
or5

O13
2.4

1.?
0.8
0.J
o.3
o.8

o.ó o.2 0.

0'? O,ó
-J.6 O

o o.? o

0
o

0'5

n-2 r}^t o-l o-[

or5
-

lrrp-
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?ab1e 81.--.EstÍ¡aated fllow of Retrublican Blver at Culberbson after upsùrean develogneut plus teüurn flore
flon lleeker-Driftwood Dnit

übtt-IOOO acre-feetb

1929
1930

11.O
1.û

10.5
1.1
1.2

12.9
1.5

7.5
1.¡l
L.)

12.O
1.3

1.6
7.3

1O.1
1.8
1.1

7

IL.g
c,g
1.O

1-t-6
1"lr

10.0
1.3
1.3
L.1
1.7

1.2
u"B
T5.I
1,6
2.5

21.0
1L.h

].2.7
o.g
3.0

11.2
1"5

Ll¡.O
1.5
1.2

2].'.7
1.6

1.2
l$.2

Boo
1"6
ó"o

1.1
o.8

1.1
l¡)

bo.2
1.6
L.7

1.9
l.¡)
1,6
L8
1¡l¡

3.0
1.L
l.?
0.9
1.1

1.J
0.8

tr.0
1.2

33.0
1.8
1'6

L]
6.1

1.1-
Ì.3
6.6
r.6
r.2

1.7
1'l¡
1.2
L.9
t.ó
8¡9
9n6
1'5
o.9
1.0

1ra
15.1+

1..1
L12

1l¡,0
Loó
h.6

9.7
?L.2
I'[¡
l.O
0.8

72.\
82.2

57.c
ü¡1

107.?
51.-3

lû5.6

9?.b
L7.9
l¡9.1¡
Ø12
I713

¡'l
€

0.
0.

9
o

5 tr0.9 lJ.
8.9 18.

r.g
9.8

1..3
l¡,1"
1,1
1.5

205,1

5.6
1.9
5.0

13.8
1.3

b2.l¡
20.0
L.6
l¡'o

16,1

I
5

1.1¡
0.8

t¿

o

1931
]''932
L933
193b
L935

1936
L9j^7
1938
193t
19L0

191+1
19b2
1913
191ù
19L5

ryb6
19ù7

10.5
L.2
1.1
l.,J
1.1

3rS
L.2
1,1
6.6
1.1

le.l¡
15.0

-1-.3
Lg.5
9.1

O.9
l.l.
t.g
1.2

2A2.3

l¡ô.3
l.?

25.2
L,2
L1

3.6
9.5
r,5

L6'J
3,7

o.8
1r?
1.1
l.l¿
?.3

1.5
I.J
1.6
1.6
1.2

17.8
tJ¡ù
1.1¿

29.7
I.0

35.3
9.7

1.9
1"0
b.6
LB
l19

1.1
1.lr
1,5
loo
1.3

1.9
1.6
1.3
1r6
1,5

1,6
1"3
b.o
1.5
I.ó

1.0
11.0

1
L1

a
l¡
ó

?9.
11ó,

ri
22

0
1

)
2

ü.8 9.t
7t- 7 19.9 ?)t.2

1.J 1.0
019

L.5 10.6 ,:,

5.9
I¡b
1,8
O.9
1r1

101
Q"g

6.7
r.2
L.7
O¡9
1.1

11l¡.1¡
lÉa,5
lr?.1
?9.L
l¡b.ó

o

).5 3.5 l.e 3ð 5.1 89.8Àvg' 5"o (..2 10.ó ó.1¡ 19'8. 19'1 5.6
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lable 82.-4o'mbineð Plons sf f1p¡¿hman Creèk and Republican River arrd ¡eturu flo¡ts frø F¡enohart
and lleeker-IÞiftnood U:rits aftcr al'I. LE)streur deveJ.opent

Ilnit - I 000

L9?9 18.6 LT.?
I93O 8.-( il¡.1

L6"?
16.L

26.2
31.7

19.1
9"2
l¡.9
l¡,1
3.6

l¡.9
23b"2

58.5
3.8

35.8
3.'l
b.o

tr3,3
eL.1
lr.o

29.L
10.8

3.5 10.3
2l+- B 3o-8

33.)
17"3

6.lr
18.3

6.7
11"!
2.8
L.7

228"9

g,ó
8.1
9"3

16.8
10.0

5¡r.3
3l+-b
L.?

Li.3
2L.6

6',2
38.1¡

0 o
, I

lr.r
lr.0

3,5
1.J

1.3
2.8

l¡o-5
5.0
l¡"h

b.2
3.9
7.5
l¿.o
5.0

8.8
6.1
¡¡" 2
3.0
3.9

l¡.e
3.o

6.5
t6.5

5.8
9.9

w,2
5'7
5.!

llr.l
l[.5

6',2
6.1
6.r

6.u
2b.B

6rz
t.1

2l¡"8
7rb
9,?

?.1
ó.¡¡
8.5
5.0

1O.3

1.9.2
26.7
6r5
6.0
8.9

ü9.3
]:óÉ..?

126¡1
77.O

169"1r
lL5u6
52L,1¿

LÍgo9
60.r

10008
r r l¡.$

?L"7

l;93"5
2b9"6
f;Oç,7
Lgt.2
TLO"6

L57,,6
Lg/!,.9

L
9

a

i

I

o

:
3

3.
)o

6,2
9.,2

319
1.7
l¡,l¡
l¡.1¡
l+.0

l¡
9I

lr].a

9.2
9.o
7.1

.ó

.5

5
6
7

23
5
7

al¡
6,

ILrS
h.l¡
b.g
).6
l¡.o

L.6
3.8
l¿.0
3.o
J.6

23.6
27.9
h.3

30.1.
trs.ó

B.o
61.?
l-ô.9
8.?

L5.\

5
0
1
I
1

7.
?)!.
2ç.
?.
B.

6.b
1.9
3"7
9.8
l¡.2

ts
O.P

l93r
L932
1933
193.1¿

L935

],936
1937
1938
L939
191¡o

rg.5
5.9
?.1

2l¡.9
8,0

12.7
U.g
6.9

L7.t
l¡.8

20,1
6.0
6.h
8.8
7.8

2L.7
lo.g
r[.9
22"2
8"o

25.S
6"6
6.1

31.8
8.8

3.1-
3u3
2.8
3.8
5.1

j.5
3"5
h.2
l¡.2
l¡.0

20.2
3.6
3.7

35.o
3,6

38.2
13.9

3.9
l,¡¡
3,8
3.9
lr.2

J.O
2.7

l¡.0
3.9
3'.5
b.o
l¿.9

I
7
I
3
7

5o
É,
J'
É¿a
Éta
6o

19l¡1
191¡2

1gL5 5.

L9l¿6
191¿7

11.I 10.11 22.O
2I.2 27.O JJ,l

8.!r
Ló
L9
6

19!3
191¡l¡

a l¡
2
,
B

rl.3 L7,7 1g,7

22.8 6 6 1e.z zg 26"9 s.7 76 3 8"lr 11,? a
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lleaket¡-Drlf trrcod t ntt

Reoulrm¡nùa for ftsh and nlldllfe
t{o waùer ¡eleages frosl the reservoirg for requiraente of flc!

lr¡ve bser¡ nrde ln tX¡1¡ sùudy. În the peet the BepublJ,oqn Rlver lr¡s
drted up durtrtg grürcmly d¡V È¿sasonar Scêpsgo fron t'ha dana ¡nd
return flore fræ trrig¡t¿d le¡ds ere æçected ts g¡ùebltsh r Ilve
strea!¡ at all tlnse. It ts rnttolpeted tÌ¡eù tùe ntnl¡u¡¡ ttoç
requbanenàs for puultc ba¡rtb rfl1 bs ¡uJ:f,iois¡t fol fl¡h habd"ùat
requlrenenteo

9u¡ma¡l¡

Resp¿ votr opard,isn aùudtag for tåe pcr{od t929-DL? tn thtrc
Àppandlx tndtoate ühaÈ tlæ rettr rtpply rculd beru bsea'adrqUate to
l¡rtgate 16rl¡00 âcttð ln tb Lþeke¡rDrlfúrøod Unlt by r¡¡c of $rn¡rm
Lal€. Splllr lDr¡ld have ooaulred overy ¡,þrr excrpt 19t7 û¡d l9l0r
Tlrert çor¡ld have beeu to shorüages¡

TE
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CHAPTTR IV

RED iiflÛ[Oily UNIT

Oeneral PIan for Der¡elop¡nent

the Red ülüLLow Unit¡ canpislng 1tr99Q r¡cr6s of irrigabJ.e lands,
is outlined in sxhibit 2: This unlt lies aLong Red l{lJ-lor Creek and

ths aEctton of tbe Republlcan River betreen the co¡¡fLuence of Bed
l[illow Creek and Canbil,dge Diwrnlon Dsn easù of Canbrldger Nebraska'
f:rlgatlon develoþent wtff Ue acompJ.rshed by ualng rat¿r stg.ed
clrl¡iñe winter and- bprtng behLnd Red lfill6rv Dan and by uslng the eu¡mer
flLow ãvailable fþcmi U¡e ned Wll1ow C¡'eek and the Republican Bfiær' It
le planned ùhat the Corps of Engíneere !r1Ll constn¡cù the Red WlLLow Dæç

flæ plan for delivery of, J.rrigatr.on w¿tetr to thia ¿¡ee calLs for
construotion of 2 dlversion då¡nÉ. The Red Wil-lor Creek Dive¡síon Da¡Ê

wor¡ld be oonstnrcted on Bed lfillow &eek at a potnt apporlnatêIy 5
miles abovg the oonfluence of the creek and the Republican River.
Ba¡tley DlVtrslon Dan uorrld be constrì¡cted on the RepubJ:lcan RiYêr
approldinately 1* nilee east, of trnd1¿r¡o1e. The Red |¡Ífllow treek
Divers¿on Dan rvlLl dlve¡t water lnto tlre Me0ook Canal which wLIL aerve
a sfrosll ¿ree on the rrest, aide of Bed TIi].lorn Creek and also dlvert w¿ter
l¡to the Red Willow Cqral which uiIL aerve the erea eeet of the creelc
a¡rd north of the Repubtloan Rlver ae far east as Canbrldge. Barüley
Díversion Dan would diver"t, water i¡¡to Bartley Ca¡ral wfilch wllL serve
the a¡es sn the gout'h sldc of the Republlean Rlver.

Table 83r Capaclty and length of canale ln the Red WlILou Unlt

-'- Iãtl-lãIsap-ametL
Nsne cfs niles
llo0ook Canal
Red Wt1]-or Cenå}

Lö
100

5.3
2T.7

Ragerr¡oi¡ capacíty

ûater suppty etudiea presented 1n thj-e Appendix were based upon
an actlve inLgation etorage capaclty in Red ÌffilLor Reaerv?ir of
18r0OO acre-feet. This La thg siae of the irrigatlon pool aù the end
of 50 years of operatlon when 81500 acre-feet of sedlnent would be
acoumulaùed. Table 8l¡ ftste the dlstrùbuüíon of the storage capaclty
ín the reser¡roÍr for iniülar 50-yea¡ and 100-year condtttone that 'r
¡vould reeuLt fro¡r the aaer¡nuletlon of eedi¡ûent.

Arees aerved

There are llr990 acres in the Ited Wiil.ow Unit whioh would be
served water rr¡¡der this plan of deveLopnent. There are 823 acr€s
whlch ãre laeeenüly irrigated flqu ylells. The¡¡e ãre an adùitlonal

16'
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UaU¡.c tt¡.-Se¿ lB¡.lttti Râse¡Trttr $torgge Ca¡ncities

EBv¡

Iþàd gtorqge

Cgral out'leü'

Actiræ 1¡rig.àt¿on
ätarage

fîrteati.on sùorage
Foo1 top e,5{,1¡r5 qótgAg

Lürfu

?6¡Poo'

e4&q

l¡pÉoe

16r0oq1

lioro00

lE'00'f,

æ'PPq

lr0r@,

9¡@

3rr'SP

o

g,$g

e?rW

3,\,9æ

joAr o

; @ o 0

Þ

Htrood contitl s;64,-
açe

îop of, flooü controllpÞo,t er55r.0

Total cq¡acity

'_-|''r,...--.|!!!i!!!|_.-'.-..
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Eed ïÊ1tot¡ llnlt

2.lol :rcrer rlrlch ere or can ba trrtgated J!æ edcttnS rcllr- rlrloh
Uivã-not bãen fnclu¿s¿ l¡ üha ar¡¡ tõ be ¡erwd b¡c¡use thay hrn
pc?lttcred to bÊ excludcd flm the FTanchnan-C¡nbrld8g Xt.rlgåùto(¡
Dl¡trlct¡ the i¡rieabLe aroa to be s€r1od tn thc Rõd Wll¡,or gblt
has b¡cn d¡taml¡ed-frqt 1a¡rd olrsaltiCatio¡ Et¡'vBfEr the ecrcagcl
ruldsr the tbcook Cansl ¡r¡d undcr the rrpper port^lon of ühs n¿d ¡fllt<¡r
Gsral rÉre dtterrûtlrea Uy ¡ reco¡ualsaai¡äe curvey. .tcteatåo F b" 

- -
ãcrveC by l,ha lorrcr porifon of tt¡a Rcd 1filtø Cã¡¡f snd by tùa Eartley
Can¿l mir ¿etermfneä frc¡a detailed lend qlåeeltlc¡t"ion ñaper

T¡b1e 85. Acrosgss to be earved by cenalc ln ùh€ Red tftll,ol tntt

Àcret
Nme tr Ner

ü

I

8t.," Êegot¡rces

{früer atored t¡ Red t¡flllorv Reservolr woUld b€ tlìo nela aou¡ce
of ratcr fø dovelorpnent of inlgation ln thts unLt under ühle
proposed plan for dáwlopoant. No rrss of ground teter tt planned
to óarry out, this proposed developænt. the acaretl@ t¡ florl
of Red tiyfUcrr Croek be{¡¡een the róssrvotr alte and Red tf1llor Creek
Dlrßraion Do uould ùe avetlable for dl.verslon at the Red Wtllor
Creek.Dl.rrerslon Daur durlng the lrrlgatl.on aee¡on' On t,he Republlcrn
Rtver tbe rater paselng Culbertgor¡ includlng roturn flcnve from ths
develo¡ueot of túre lleeker-Drlfb¡ood Untt and the Í'renct¡nar¡ Unlt
ss indlo¡tcd ln t¡bts 82 vrotrld bs aval,lable for dlversíon ¿t tho
propored B¡rtley Dl.verelon llam durlng tùu IntgatLotr aesgon. I¡1
sdditlø there rfll b diyofüeblâ et ths BertLey DLverelon DB¡¡
ths hisùætc accretlo¡re ln flwa of th€ Republlean Rlver betreen
Culbertson a¡d Bartl,ey Dlveralon Dan plus tlp roturn flons fron
2rót0 acr€r 1n ühÈ Rsd t¡[illor Unttr

AvatLeble gtraaufflor reoords

Tha follcrlng híetoric recorde of flotr se¡e ugcd ü corçuùlng
thc rrats ¡v¡Llable aü the rarlor¡s polnto tn tha ud,ù or ln ortandlng
tlre flor ¡eoorda ¡t, ¡tatlona rl¡ere reooßdg çero not aveila,ble for tho
conplate perl,od of rüudyr Rad Wlil.orr Crcek north of t{c0ook at, Red
tlllon Dan Slte, Red Wtl1oç Creek at thc mouth, l{edicine 6Teek ¡t
thc nouth, Fenolne¡¡ 6eek åt th€ rucuth, Republioan Blver at,
CuXbartcon end Republtce¡¡ Rlver at Cenbridgc. Tbs p€¡"lod of rscoûd
for theee statlor¡a lø ahøu ßrçlrlcally on odrlbtt 3. llre partod
of reeordr t¡'pe of gage, ¡T€rage flnr, ar¡d ott¡er partirrenü deüs æc
ijtt€d for these atatlurs ln table l¡

ß'.å ,¡1ar..* tâ¡¡¡
8arü1q¡ Cån¿l

Total

3'976 br3(r-
?,030fiFü

!Eb
l¡t9w

,ßt
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Strean-

Red t¡{tllcrw ûtlt

correlatlon end estinatee

aJ' ¡ecorrls af stre€m flor at the Red Willow Darn Slte¡
available for the pe¡iod Ootober 191+0 through.ltay 191¡7'table 86 8¡e

a¡e based upon s coruålâtion¡ erchiblt 2pr with hls'boria flows of
l{edLclne Creek aü Ca¡ubridger tab}e 123,

flietorleal recorde of the flm of }benclman Creek at Gulbertaon¡
table ?¡ are avatl.able for the e¡rtire period of etudy¡ and historlcs.l
record¡ of the Republican River at Cambrl.dger table 125¡ are aval.1-
able f,rom 191¡2 wfth rnlesing perlode being fLLled tn by correlatlon
with Republlcan River at Blocml.ngton less florys of Seppa end Falrle
Dog Creeka. This correlatlon ls descrlbed in the Ca¡nbridge Unlt
discuselon.

Ground water

fnfornatlon aupplLed ln the Nebraska lìlater Regor¡rses Survey Water
Supply PaP€r 1., part IIf¡ lndlcates that ùhe grourd-¡rater condltions
for the Rsd WtLLow UnLt ãrea are elmllar to those dsscrlbed for the
area of the Meeke¡-klf,twood Unit.

îhe rater table ln the valley of the Republloan Rlver. is st
a relatlvely eha.Ilow depth¡ ranglng from alrout lr to aO feet belcrv
the eurfsce of, the ground. Cor¡ditlons Ln the valley are favorable
fsr dlrect recharge to the grorurd-rvater reservolr fbo¡n strcarn flo',r¡
however ground.+rater suppllee in the areas north ar¡d south of the
Republlcan Rlver Valley are not considered adequate for extenslve
lrrlgatlon punplng developments. - !

{

,

A pno.file of a strea¡¡ eectlon of Red Ì'ii]*low Craek 1s shown 1n
c)úiblt 19. A profile of tha Republlcan ltlver at Bartley, Nebraake,
Ls ehon¡ 1n exhlblt 30. Tlrere Í¡re a total of 81 existing ground-
water obeervation weLle ln the lrrigable lande of the Eed 'iVl.ll-owUnltr In May srd June of lg50¡ 5g ot these welle ware added by the
Oeologioal Survey aü the reguest of the Bureau of Reclamatlonr Etght

J66
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labilc 86.-]ûaùorica] nr¡roff of nÊd ÍilLor Creek l{orttr of llc0ook at Red IflILor Da¡! Sft€ g/

0OO acre-fegt

r,¡ L.g
1.ó 2.lt

1,6
l..g
2.6

n
c

f.l¡.0
1ó.6

5
9

LvÐ
19lo

191¿6

191¡?

1.O
o.6

2.1¡
o.8
0.?
)..1
o.'l

o.8
o.8
o.8
Q.6
o.6

o,ô
l.?
1.2
o.8
o.8

0.9
1.1

1.9
1.5
1-9
2.O
1.8

0.ó
1,3

!.6
1.6
l.g
L8
1.,

l.o
1.9

1.1
L.2
CI.6
lro
2.9

0.7
1.1¡
2.6
l.I
I.O

o.1
1.1

193r
1932
L933
It3l¡
].936

L9]¡6
L9t7
r938
1939
1tl¡0

I9l¡r
rghe
191¡3
19b¡¡
191¡5

1.I L2
L.oo.g

2.3
1.1¿

1.0
1.O
o,8

1.1¡
L.t
l.J
2.1
1.6

1.2
o.g
0.9
O.?
0.8

1.O
1.b
1.3
r.2
1..2

Ì.2 1.1
1.ô 1.5

l.t

L6

2
I

1.9
?.b
?.2
l.B
1.9

L

r.2
r.2
1.ó

1.8
1'l¿
r.3
1.2
1.1

1.3
0.9
1.2
L.6
1.6

.1..1¡

2.7
2.6
0.8
5.5

1.9
1.6
3.2
0.7
o.9

o.5
o.5
l¡.1
1.8
2.3

O.?
0.9
0,8
O.lr
1.O

1.5
l¿,L
O.l¡
0.8
4.1

19r3
19.ü
2L.6
19.0
26.)

l3

12

25.9
29.2
1l¡.8
25.2
?).L

18.3
30.8

Ll-
3,?
0.6
3.7
5.1

H
h¡

I
CI

0
0
0

L}

¡
a

a

1.1+
!.5
1.1+
r.6
1.8

l',3
1.6
1.1
1.5

II
9
7I

.01.ó

L.5

0.5
1.8
0,8
0.9
0.8

0.8

).6
0.9
2.3
0.9
1.1

a

aa

0.8
0.9
0.8
0.7

LO
5
ú
I

I
0
0
0
0

"l

9
9
7
I

2,7
2.L
1.3
J.1
1.1

18.

1l¡

l¡.

3
b
ó
7
2

1.6
I.l¡
1.1¿
L.2
1.1¡

3.2
1.ó
2,2
1.6

1.7 2,2
l+.? 2.7
1¡? 1.3
lr.i. 2.2
1.6 2.1¿

7.5 2.6
5.o 1.e
L.5 0.9
2.2 5.0
6.! o.8

0
2
I

a

a

I

1.2
5.3

i.1
f,fi

o,y
1.í

2,A 1.3 3.1¿ 1'9 1.1¡ 0.9 1.9
1"9 2.1 L.5 lo.e e.o o.8 o.?

ffi
1.2 r.2o Li 1.1, l't 1.8 2.2 l.l¡ 1,,ó 1.2 1.5 L9.9

Z/ October 1928 through Sept€Nrber 1931; october 1939 thro.'4 September l9lr0 a¡d Ju¡e through Septeqber 19lr?
- based on corelatiõs tyli,b Red ûi.Llon Creek near Hed WiLIor. 

-0etober 
1931 through Septenber 1936 b¡sed on

eorrelatlon ïrlth Frrenclna,r C¡eek at Culbert¡on. October 1916 tàrough Septenber 1939 b¡sed on cor¡el¡tim
riüh Uedisire C¡eek at Ca¡nbrldee. 0c',ober 191¿O tirrorqh tay I9l¡? are reoor{s¡

JÉg
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ûischarge i-n 11000 acre-feet.Table B?.-Historica]- Run--off, of Red Wi^LLcr Creek nea¡ Fed trli].Lcnr at i[outh, a/

r929
1930

1.
O.

1.3
1.O
1.0
o.6
0.6

1.u
2.9
1.5
1.O
I,f

9
5
6

I.l¡
L.1

3.0
2.2
L.5
l.ll
1.0

1,2
1.6
1.6
1,1¡
1.5

2"3

r(
1.2

1.8
2.3
2,0
J.o
2.5

2.ll
1.0
1.3
0.8
0.9

1.6
1.?
l.g
1,L
1.8

L.5
1"8

âlI.

2.5
2.b
2,8
2,9
?.7

2,5
0,9
1.1
r.0
0.8

2.9
1.8
1.7
L.lr
1.8

r.2
2rs

1.h
1,3
100
1,3
2.L

3.1
Ló
1,L
6'3
1.2

2.

0.I
L.'l

2rh,
l_, t
2.3
1"1
1)¿aÊ

1.0
2.lr
1.1
L.2
c).9

l.?
L,Ì

r7.2
21.1

?L.7
2J.B
?l¡.ö
ùt.3
3?.6

7),7
L7.T
tg,8
16.5
]-7.5

36,1
37.1
19.0
J1.6
3?.7

!

1.1
1,b

t
7

I
I
0
t
0

o
2
3
9
9

0
1

0
I

2.0
1,8

I

Ia

o.5

6
6

z,lJ 3.22.0
2.Lt

2.3
2.3
2.3
r.9
a.o

2.Lr
1.2
1.7
2.2
2,L

2.)
5.6
2.o
5,1:
1,8

1.8
1.1¡
1.8
L.2
7.5

3.9
1.8

1.J
2.2
r.0
?.6
5.7

l0.e
6.ó
1.9
2.9
8"8

2,7
lJ.6

3.9 2.1
5
1

3.
1.

1933
19lh

1.
é.

Lg3g 1,

1931
r932

1936
191?
1938
l939
19lr0

19]¡1
191¡2
19L3
L9l¡,h
191¡5

?.1
2rs
2.8
2.7
2.3

2.6
1.2
L.2
0.9
1,0

0.
3.
l.
I a

?.5
3.2
3,L
2,7
2.8

I
2
l¿

5

t

a

2
1
I
0
o

1.0
2.0
3.5
r.5
1.2

?.1
2,9
1.?
b,2
!.5

?.5
L.2
3.2
1.2
t.l¡

2,9
1.7
1.7
1.?
2.O

2.9
3.lt
1.5
3.2
3.9

7
I
7
B

1

J
I

1.0
1'1
I.0
0,J
r,2

6.2
l¿,7
0.5
1.0
3.L

P
G\\o

a

a

t

2
7

1. 1.
1.

1.1+
1.6

1
1
I
I
2

1.8
J.9
1,9
2.b
ìo

1.2
1.lr
1.L
317
J.l¿

19L6
191+7

L.5
.t

2.!
2.1

1"6
2.b ét

2.)
0"9

5
7

2).
hI.

Avg.
r92g-lú 1.8 1. L.7 1.8 1.8 2. 2,b 2.6 b.? 2

g/ October 1928 trirough Septeeber 1931; lctober 1919 through September 191¡7 are resord6.
Ocùcber J,932 ùtrough Septe¡¡rber 193ó based on ê correlatÍon ritl¡ Frenchnån Cl¡eek at CulberLson.
October ig36 tùrrough Septer,rlrer 1939 based on a correl¿tj.on with ¡redlci¡e Creek aù 0aøbri:igÊ.

1 L.5 10

i June J

KS002388



trIIN

tnT rf-F

ETY'T'

,.1

I

ffiH

ffi ffitl-nlffiffi
Effiffi

I

KS002389



I

I

I

-'
1--

;¡

¿ùt

,ãL

1

)lt
'.À--

1-
t-Ll

art!

!r

I
l_-

t

I

I

,LÊ

,,- l
I

,
''r_

I

,

lÐt

t

Lt/l
lþt r

+tO.

i

j_
I

I
I

I

l

I

¡

- -1--

I

ti

I

J-
Ì

-t
I
I

!¡

+-,

I

l

I

I

I

I

I

I
, ¡'

ri
--j--

¿ tF-

"¿

I

I

\

I

I

J

V,

.t 2t
j

I:
I

I

a

þ

,

I-

I

)I

t

I

I

I

I

Ì

t

-L
i

¡

,;ti

v,

I

!

,

¡'

I

,l

I

KS002390



EXHIBIT ¿7

I

I
¡
rl
;è
:;
i¡
I

¿

ó

I
¡

-vt'';.. .ìì'1

KS002391



,

- -: -{*--

_ __*'r+l
-. i --''

1_-'-_ 'lii -r. 
- .i-&17

+---=+
- +--- I ¡1-'
t+ - - -+€--n - ¡- Ê:1-
---.--. -.,¿-

t<-

-- *-.'-¡t-

- ---l

"':raFt
,'Dr¡LJr:
i:r¡.De l

--:--1-

¡Fffi=
''--t'aiõ!--- --¡;a-.
-{Ë- ++
--.r--+

:;::¿=-(?:t:::-,
::::':=::--r}. --*

"------ù

-+ --'
---r)'

--.1 "--

--1f----

.--.-J..--*

l-

l:::*..-#-.

llt:91:¡lt-ç

-+1!

ilÌ' !---tr- +--
#
ã+----.:¡?=:¡
't-:-:::::¿-*.-..
.- --. 4..

-.!! *

l'-1-*fr---._t-

:L:-j.-.i-

^¡-----+l: -F¡

..it - -. ,!+i-

= 
-:--.I;*. r-' - .*

=_+_=+r--{å- ._!
'-+!------Èir-&

KS002392



EXHrtstT Ze

t:it
I

-t !

I I
,

t,
:,i:

.¡
Iïiii

t-

Jtr¡: i
É
Ë

i

¡
It.l J

- Y I

't ''1 ! L

.:{r'
tr
E

I
.il'

i

;

I
. ;:
EEI

! lr

a
i

I

fi¡l

ru
B:t&

J
a¿

!

I
a

.¡

.z

!
i
t!
.å

ôn

il
II

l, ¡a

T1

KS002393



xr)

I
t-

I

(\¡
11'

Þ
rù

ù

¡
6
l¡
(J

o
\lõ

Êù

Þ
c
Þ(t

ô
ã{o
fT

LOE95. E

).
aa

N
a$ -**l-s
Þ lJ,' ,-Woler, qttltv 64¡¡osfonlE

1l

Tobl€-\
(O6ALLAL A FORMA?IOT\¡I

l-t
F

4,# lìAfç A¡JO GiAVEL#lr

'4 DANT 6RA.Y s!IAL , (PIERNÉ SHALE¡
+gÂND .ANÞ ORAVEL

o I a 3M|LE9
-:=:+-.¡¡¡¡É4!-¡gEAL E

Ti:¡is sec!.,-ir 1¡ ì¡:a',e.J â.ìSUî-. ône.-half :::. 1* eesl o'Þ.:*1ejr anri F:tip,nd6 in a noltl'.-sout,h

'j--rpc+)icn f:--r'¡ , it:n' r.'r1: ìÊs soui.h c€ tnê FrontlÊr r)i'r.n!X lrne (Ll ta a po:,rt 2.( ïi1.3
nt¡th o'th¡ rlrlrEsk4-!rr¡"':5as srr11. 11:ì'.. (N¿tfa*fê ür¡ler Pesr:"rr;cs Sunrev, lïa!-er 3uÞply
Pap-r 1, Pa*+. Itl)

rl
x

b
\
(¡l
o

KS002394



Red W11low UaLt

of tha welfe ¡dded to the observstion progran for tJrr flrat tl¡ne ¡rc
exlstlrlg lrrtgatlon relIe¡ fhe addlt,lónsl 5f ner ralla rero drtll¡d
rttlr ùhe Jcùtlng rnethod. The (Þoroglc¿r sr¡rTey rûul furnlsh dsPôh
to r¡gùer ãnO grõ,rnO-water contour mápe by Deaenber l¡ 195o ra
requested by ùhe Br¡reau of Reclanra¿lon.

Quellüy of rater

No che¡lloal anaþals of, tbe nLneral constltu€ûlte of Rad lïll1oU
úTeek tater has been nade to date for dcterml'ning the quallty of,
the rveter ln Red Wl.llcm Èeek for trrtgatlonr Requests havE been
nsde to the tleologlorl Survey ùhat auch ane\rela be ned¡r fhe
gco!.ogical f,ormatlon of ùhe area drai¡ed by Red ¡lft1lø Creek ls
prae'ulcalJ.y tdontloal to the aree dra.lned by ttedloine Oreelc, utd lhr
i¡nal-yaln oÍ iha wetßr is e:çected üo show lü to heve the sarre quelltyr
Analyeos of, ùne Medlclne Crsek rater preeented ln the digcuesíon
of the Cenbl.ldge Unlü, shom it to be of exsellenü quallty for isigetlan.

ÂnaLyses cf the mlræraL cor¡gtituente of ùhe waüer of Frencl¡la¡r
Cresk at Cu.l.berigon end of the Republlcan Rlver et' Trenton and
Canbri.lge indloate the vrater aü theee polnts ls of tatlsfecùory qusüty
for frrlgaùfon" Besauae ths qualt?y of waüer aboræ r¡d belsry Bertley
{s saticfactory for lrrlgation the water at Bartl-ey lc also consldêrcd
to b e eattsfaator:fr In the fuür¡re reür¡rn flows frorn irrlgatLon davelop-
nent above thJ.e polnù cor¡ld ceuee ssre detarlorqùlon to tlre quallty of,
ühe Republican RiTsr weter divertsble at Bartle¡¡q Slnoo ret.wn f,Ics
reprosenù only a snaìl portlon of the üotal ueter diqartable at BarüIry
It 1s not¿ expected thaü deterloratton in uater quallty due to return
flors will be e¡ccessive¡

If ls not anLlctpated ühat ar¡y of ùhe con¡nunÍties fn the Red
llT.llow Unlt' wtII wtsh t,o use surface water for danesü.c ¡¡,sÊ, For
thig reason no anal,ysls of the extent, of pollutlon of sürfaoe watsrsls lncludèd ln this report. The pubLlc llealüh Servlce has nade a
detadled gtudy of the potlrrtlon of et¡.eans in the Kansas River Basln
ar¡d have recor¡¡¡ended ¡nlnLnr¡¡ fl"qrs nsceesarlr for publlc h€åIth. thase
f,lon requtrenente arg sholrn ln a seperate secH.on of Lirls Appendlxr

Tfater Rights

Provlslonel granta by ühe state for tho use of water for irrlge,-
tlon by prlvate appropiators Jyorn Red rr{illow creek a¡rd frc¡n the
Republlcan Rlver fn the Red Tflltor UnLt, have bee¡r tlsted, tn the
foll,o'rrne tables' labla 88 lts¿s the provleional grariüg totallng
l¡.óo second-.feet ¡nade above thê proposä¿ n"¿ rulllsñ R.:¡ervotr. õabls 89llsts a prorrlalonal grant for 0. ?6 àeeond-feeü n¡de or F.od ¡ftlLar tleek
batraen Red t{Ilm Reearvolr a¡¡d ltsdl fttHov craak Dr.vorstnn l¡n¡ Tabþ.
90 iistr provlslaul gra$t! toùd,tng 11,13 secmd-foot mnde bcttoen Råd .Éllw (bocJr Dtwrston Deû ar¡d Ceûrll.rl$ù tfsbfa¡to. (Þsr,ùr tlctad l¡
ùbeee tñàlæe a¡¡e ad prtLtahad 1n the D.uintal f,npæta qf üh¡ Nebrãska
Departnent o.f Roade anrl Irlgaülon,

L75
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Table 88.-Acùive Provisional Grants above Red lTj.Ltow Resei'voir

Doc. or I¡¡cation Provieior¡¿l Gra¡t
No.

of
Pri.ori

7/z'î/3b

7/2t/3e

12/6/3e

3/9fl+a

e/12/w

3/2slLñ

e/?a/w

\/nls
B/t6fls

STR

€6

El¡er Fitzgerald

l{iili ¿¡¡ Bortoer: arl

Cha¡les Y{alker

A. p. Me¡iit.lip

t[i11i¿s nortaer a/

Ifo¡uard Ti'. HiLl

lL E, Liùtle

2ld¡7

2938

n37

3ltt
3rü

312L

35s8

3609

3631

2L

28

I
22

21

27

2

2

35

832
530
63L
611

,30
63L
531
53r
63t

ïnigation

Irrigation

Irrigation

Irrigation

Irrigation

frrigation

ïrrigation

lrrigation

ïrrigation

a.57

Q.57

0.81

0.9?

0.18

o.?3

o.\2

0.2ó

Q.5g

l¡.60

George Beebe

Tota1

a/ Iocated in ted þfi-lJ.rny Reserrrcir area.
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Ëblß 9O.-[çtive Prìoûisíonei Grenüs betæen Þd Willor Creek Dlversion D¡m and Cæba'Litge, lbbraska

Date
lþe. or of I.ôcåtiørsTE

2't

2l

28

2E

2B

?ß

28

so

ålf,r¡d E. I.ang

Frsneåa¡an-Ca!ùridge lrrig.
District

Iorçeft h¡ggl€s

IÞinesr Frsnt¿

lelnes, Franta 0., et el

lota].

z/t6/y il¡ t
2l¿hfltr- il¡ 3

ürigaùfou

Irrigatiou

lrrigaùlott -
fnÉgation -
Irrigatlott '-

Irrigatfon :

Irrigsùfutn +

2ó98

3t¿or

38ó9 c

)ffi9 a

19ól¡

10Å2

frít

Llzzfl¿6

L/22/b6

,fr/22i2?

t2/ lfio
thzlht

16'
1ó3
ú1
8J
83

G

Orl¡2

0,8?

8.ù3

0.93

o,lÉ

rL13
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Red Wtllow llnlt

Moet of ühe waler rtghts llsted in tabl.es BBr 89r and 90 were
granted drrlng the perf.od of study, therefore, depletions were nade
la the wster Brpply etudles for thepe righte. An exceptlon to this
ie lhe Or ?6 se,gond-foo'v wEtor right below Red WfLLow Da¡n which was
consldered raf.Lected tn hiatoricel records. DirrersLo¡¡s made hist"ori-
cally under ühese rights were not a¡tded to ühs hlgtorigsl flows be-
cau€e there we:re no hietorlcal records of the¡n and they were consldered
negllgibJ.e. The lands trrigaüed by the water rights llsted in tabLe BB

a¡e incLuded i;r th€ 5O0 ¿sres for which depleùlona of the i¡fl-sw to
the reservoir ìverê nade. The Land lnígated by water rlghüs listed in
table 90 are lnclr¡ded 1n the 111990 acrea which nere furttished a naüer
supply ln ùhls etudy. Thls res done because lt l-s e:pec{,ed the o$tners
of water rlghtr belory Red l'fillow Creek Dlverslon Da¡n ln the Red Wi11ow
tlnit wllL choor¡e to recefirê rater fYm the dletrict rather than to
exerclse thelr waüer rtghts. In ùhe past there has not always been
water 1n the r:Lver during the enl,j¡e seeson for Lrrlgatlon. These
landg we¡o inc:uded ln the Frenchrrär-canbrldge lrrigation Dietrict
at ühe tine thei distrlct wag formed and they dtd not petltion to be
excluded frø t,he distrlct,.

Antlclpated Water Use by Ft¡tu¡e hlvate..-. Develo¡ment

It cen be anticlpated thst, rvater supply available for the Red
WLLlow Unit cot¡Ld be depleùed slightly by developnent of irigatlon
in the a¡ea abc¡ve Red t¡ffllüy Reservolr and by the derrelopment of
farm ponda throughout the nater shed.

lüatel use E dç'velopment of private lrrigation and ponds

A recon¡xaissa¡¡ce eoil survey of the area above the reservoi¡
slte shms there is a poeeibillty for the developnent of irrigàtlor¡
of not nore than l0O acrae (fncluding the areas for whlch the water
rlghta have been llsted in ùable 88, ) Thie developnent cou]-d be
acconplished by punping from the creek or by developtent of lrrÍ-
gation reìls. Table 91 Liste åhe depleùions that coulcl be caused
by prlvate dovelopraent of lrrigation and ponde above R€d W1llow
Reservolr table 111. Conaunptive uee requlrenents of irrigation
water in ihe Red t¡vlllow llnit was ueed as the besis for dete:rninlng
these depletions by irrigstion. pond depletions were eatfuoated t,o
be 100 ac¡e-feeù per yêar. These depletione were treated as if
they wonld all be dl-versions fron the streaßs becauee ilris assun¡l-
üion would impose the nost eevsre conditions on bhe available
sùreãn {Lø¡so

llunicipal and industrial requlrenente

No allowance was made for increased use of water for municfpal
and lndueürlar developnent because arl nunlcipal, water suppries 'in thle area a¡s pr.rnped from ground waüer and any increase 1n the
uso of rater by ùln torrns of the area is not coneidered to materially
effect t'he'tatar suppty of the dlrrlsion.

LTs
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labl-e 9l.-Depletions from Possibl-e !\rtqre PrivaÈe Developnent of Irrigation and Fonds Above
Red l{illcm Dan a/

l_ O0O acre-feet

.1 I
.1
rI
ta!

t
.2

0

.1
rL
.I
rl
.1

.2

.1

.1

.2

.l

.l

.l

.1

.1

.1

.l-

.1

.l

.l

.I

0

0
0

.1

.1

.1

.ro .2

Oct. Nov. Dec. lot'atr

0.5
.3

0

o
.1
.1

o

0
.1
.1
.1
.1

.l

a

.L

June

0.1
.1

0

0.1
0

0

aUar.tJan,

o
o

o
0
0
0
o

0
o
0
0
0

0
0
0
0
o

0
o

0
o

0
0
0
0
0

0
o
0
0
0

0
o
o
o
0

0
0

0
0

0.2 0.10
0

0
o
o

0

0

0

.1

.L

û
o

0
0
0

0

o
o
0
0
o

o

0
o

0
o
o
0
0

o
0
o
0
o

0
0
o
0
o

o
o

o
o

o
o
0
o
o

o
0
0
o
0

0
0
0
o
o

o
o

o
o

o
o
o
0
0

o
0
0
o
0

0
o
0
o
o

o
o

Bo

L929
1930

1931
Lg12
1933
1931
ry35

l;936
t937
1938
1939
19b0

19hr
].'91û
1913
19hl¡
leh5

1916
191¡?

.5

.6
,6
.g
.6

.9

.6
ol

"8
.8

.L

.l¡
,7
.3
.5

.)
-!r

.1

.l-

.1

.1

.1

o0

.1,

.2

t
.1

,2
.l
.l

.)

.2

tZ
.l
.l
.1

.l

.1

.1

.ê

.1

.1

.2

.l

.2

.1

.2

.1

.1

.2

.1
,1

.2

.l

.I

t

.1
rI

.L

.1

.l

0

0
o

0
CI

0
o

a

è 0 o 0 .l- o .1 .1 .1 û 0

gl Iacludes irrigation regui:rerer¡ts for 5OO acras arrd lOO acreJeet per yeãr for poads
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Rad Íll1or Unlt

Projest f,atcr SUPP1Y

IÍetcr evallable for developnnnt of thic t¡nit rllt be tl¡3 rator
storod t¡ Red Wtllqç Reccrnolr, gsctlonal accreülons botreen tha
reeôrrËl¡ and Red WLIXow Creek Dlveralon Dan¡ ceetlonal accretlou¡
on ùhs Rcpubltcan Rl,wr betnsen Culberù¡on and Barùlßy Dlvcrsl.on
Danc¡ retbn f!ørs fron tlæ !¡encÌúen and llceksr-fiftwsod Unlta,
and ieùt¡rn Ílows fron 2¡610 acreg ln tho Rôd |ftllor fnlt t'hat a¡a
sbo'ìtg Bert¡ey DLttrslon Du'

Rsservol¡ fnflow

l{¡t¿r ¿vallable for storege in Red Tlfllor Reaarvoir 1s th¡
hl¡torioal runoff, at ühe dam alte, table 8ó¡ lese ùl¡e w¡üer râqultlad
for poasible futr¡re prlvaùa developenü above thc da¡î Ll¡tad ln
üable 91. this depleted ln.f,lor 1g ltct€d ln ùable 92.

Sü¡ea¡¡-filorr aectlonal acoreül.ong

Tat¡te 93, the infLow of Red Willow 0neek batteen Red Utllw
Da¡n ar¡d tbe ¡nouth of Red ltllllm Cre¿lc la obtalned by subtssctlng
table E6¡ the hlgüorlcel rtmoff of, Red l{tllow Creek aorth of ltc0ook
aü Red Wf1low Da¡ f!ær table 87r the n¡noff of Red lÍlLlcry Creek
n€år lts ¡uouth.

Beosuse the dralnagc araa betwesn Red Wtllo¡v Cceek Dlverslon
Dan snd ths nouth of the creek ts snall ln comparlson to the dratnage
a¡ea betreen the reÉervolr ar¡C ùhe dlversion dxo, the totel accretion¡
üabls g3r of Red WtÏlon Creek betneen Red Wlllor itân and the nouth
of Red f'lllø Creel¡ La esti¡oeted to be available for dlver¡loa at
Rêd lft¡Ion Creek Dlwrelon Da¡r¡

Tabl¡ 9l¡ ta the aur of the flore of ÍÏenclmsr¡ Creek at the
nouthr tabls f, the Republican Rlver at Gr¡lbertaon, table 5l¿, Re¿
lflltor at the rnouth, table 8?¡ e¡rd Medlclns Cïcek at tt¡e nouth¡
table 123. The flsrr of ùhe Reprblicen Rlver aü Canbridge, tablc
IZJ, leee the above table 9lr¡ is the eccretion ln flow, table 95,
of the naln gtm of the Republlcan Rlver betr¡een Culberüson årid
Cslnbrldgc rlthout tha Red Wlllow and Medl.ci¡e Creek fLo¡ysr Eígtrty-
tluee ¡ad ftw tenths perceaù of this flor 1s the eattneted htstolcel
accrctls¡ in flm of the Republlcan nlver table 96 betçeen û¡lbe¡tsor¡
and Bartley Dlrereld¡ Ds!tr wiihout the flov of led |tfillor Creek. Tþ
83.5 peroent u"sed above is based upon the proportlon of the dratneæ
area abow BarùIey to the üoüal between Culberteon and Caobrtde
rhen tle dralnage ar6as of Red Wlllow and Medlclr¡o Creekû are del¿ted.
The renalnrng ló'5 percent, of the sccretion t¡ ftow of the Repubrlo¿¡r
River ls thÊ estlnated hlatoricll accretlon Írr flov, table 9?r betrren
Bartley Dlwralon Ða¡n and Carnbrldge, Nebragka.

Tba eetl¡nated hlstorlc¡l fl,orv of the Repubrlcan Rlver at Bar:tray
Dlverelon Dan, teble 99t ;ea obtalned by rddlng table gó, the
estl$at€d hletorloel eccretlon ln flon of the Republlcan Rlver behvea¡
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lable 92.-IÞpleted I¡f1ø of Red ltiflo¡t Creek at Red l[ilIory l]an Site

1000 êcre--fe€t
Teæ - Jân. Pab. [ar. Apr. l¡sy June J¡¡19 AuB. Sept. Oct. Nov- De¿" Total

r9?8
L929
1930

u31
L932
L933
1931¡
L935

1936
19T7
r9l8
L939
ul$
191¡1
191i2
19l¡3
191¡l¡
191¡5

191¡6
l.9l¡?

0.9
1.1

1.9'
1.5
l..g
?.Q
1.8

o.8
o.7

1.6
1.1¡
1.L
1.2
l.lr
o.g
L.5

0.6
1.3

1.6
L.6
1.9
1.8
1.9

L-?
o.g
o.9
0.?
o.g

1.6
I.l+

l.g
2.b
2.?
1.8
1.9

2.o
L.2
1.2
L.2
1.ó

L.6
1.9

1.8
1.1¡
1.3
l.l
1.0

1.9
2.6

1.lr
2.1
2.6
o.?
5.5

3.6
o.8
2.3
0.8
I.I

3.lt
L.5

0.9
1.9

1.0
1.1
o.l¡
0,8
2.7

0.5
r.3
2.5
o.g
0,8

2.5
1.1
0.8
5.o
o.?

o
1.J

o.g
0.6
?.lr

0.7
0.6
1.0
0.6
0.8

0,?
o.B
o.5
0.5
0.8

1.1
0.9
2.)

I.l¡
1.0
]-,0
o.8
1.2

0,9
0.9
0.?
0-8
l.o
1.lr
1.3
1.2
1.3
r.2

1.2
100
1.b

1.J
l.ó
1.1
t.5
1.1

3.2
w.7
19.9

16.b
rg.2
22.2
17.0
26.1

16.1¡
12.9
13.3
12,1
1l¡J

26.8
eg.5
13.1
2r.lt
22.5

22,9
2J.g

0
0

2
I

.3

.5
.lr
.8

L.,
1,3
2r1
1.6
1.5

0.8
0.9
o.7
0.8
r.3

0.6
0.8
0.7
0.3
0"9

1.5
0.8
0.9

H(Ð
ñÐ

1.?
1,1
0.?
A17
1.1

5¿J

.5
,!
.6

1
1
1

2.2
2.7
l,?
2.2
2.t¡

1.t
3.2
1,6
2.2
1.6

2.0
1.8

.1

.6
1.
O.

B

a
0.
0.

1.3
1,.9

I.L

t
L

l.e
0,8
1.1
1.6
L.5

l.?
l¡.?
L.7
l¡.1
r.5

r.2
2rl

1.O
3J
O.l¿
3.6
5.2

2.5
2.0
1.1
3.0
3.L

?.1¡
b.g
1.J
2.1
6.o

1.?
10.2

1r8
1.lr
3.2
0.5
0.0

0.3
L.?
0.7
0.?
or6

0.6
0.9
0.1¡
2.8
1.?

o.l¡
0.5
l¡.2
J.?
2.2

3.5
l¡.1
0.3
0.7
2.0r.8

I
,

I.8 1.5

.2 1.31.111-Average L.J 1.lr 1.8 I,¿ 1.5
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Table g3,--TnfLcw of Red lfi]-lotn Creek betneen Red Ïlil].ow Dan Sit¿ ar¡d the MoutÏ¡ of Red ffi.llorv Creek

1@O acre-feet
Iear Oct. Nov. Dec, Jan. Feb. lûer.

tng
L930

1931.
L932
l.:933
193h
1935

o.2
0.1

o.7
o.5
0.3
I,O
o.3

o.2
1.2
o.3
o.2
0.3

o.3
l¡.3

0.3
o.2

O,2
o.2
0.3
O.?
o.J

0.3
o.2

O.l¡
0.8
0.7
0.9
0,9

0.9
0.2
0.lr
0.1
o.I

0.3

o.2
0.3

o.6
0.9
0.9
o.g
0.9

1,3
o.b
o.J
0.2
0.ü

0.5
o.l

0
0,3

0.t
0.3
0.3
0.2
0.1

0.3
O.lr
0.3
0.2
0.3

0.e
o.2

0.1¡
0.5

o.5
0.9
1.0
O.?
0'9

1.1
0.3
0.5
0.6
o.5

0.6
o.g
0.3
1.3
o.2

0.3
0.3

0.ù
-o.g
-O.B
0.ü
e.0

-1.1
0.3
0.9
0.3
0.3

0.7
0.?
0.2
1.0
1.5

0.5
o.3

0,2
-L.o
o.h

-r.l
O.[¡

-O.6
o.7
0.1¡
L.1
I.2

?.7
1.ó
0.lr
o.7
2.7

0.2
0.6

Q.3
o.1
0.1¡
o.3

-0.5

0.3
o,6
0.9
o.¡¡
a.2

0.5
O.l¿
o.5
1,3
o.h

0.8
o.7

-0.1
O.3

0.5
0.2

-0.9
O.l¡

-o.3

0.lr
o.ü
0.9
0.9
1.6

0.3
o.3

o
O.l¡

-L.1
-O.l¡
-o.8

0.,
O12
0.2

-O'I
o.2

o
o.2

2.'l
o.6
o.r
o.2
l.J

fotal

5.b
l¿.lt
3.?
5,3
5.7

5.1¡
3.9
5.2
3.8
3.3

L0.2
7.9
lr.2
6.1¿

9.6

5.2
l0.g

a June

o.5 0.8o.g o.9

I

0.lr
O.l¿

3.2
h.5

o.g
0.1
0.2
o.?
0.L

0.7
0.8
o.9
o.[
o.2

0.8
0.3
0.lr
0.2
0.1

o.5
o.2
o.2
o
0

l'¡
cÞ\,

0.3
0.1¡
o,3
0
o.J

0.t¡

a

a

0.
0.
0.
0.
0 a

a

I

.9

.5

.5

.5

.h

5
I
,
I
I

0
0
0
0
0

0
0
0
0
o

6
I
9
9
I

]:936
193?
1938
L939
191¡0

19¡¿I
191¡2
l_9L3
t9l¡I¿
19h5

o.9
0.?
0.3
0.3
0.L

0.3
0.?
0.3
0.e
0.3

191¡ó
L9Tú

0.8
-l,h

0.3
o.5

0.1¡
0.3

o.lr
o.2

A 0.6 o.lr 0.h o O.l¡ 0.6 o o O.l¡ O.J O 5
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lahle 9l¡.-Sun of historical flows of Frer¡chna¡r Creek at mouttr, Re¡nblican Èiver at Culbertson, Red tlllor ¡t
tùre noutb and lledicine Creek at mor¡tÌ¡

(Unft - 1000 acre-feet)
Iear Oct. l{ov. Dec. Jan. Feb. l[er; Apr. Me¡t ,I¡ne July Aug. SeÞt. Total.

L92g
19tO

u.3
16,5

27.2
12,?
IT.O
22.g
8.o

l:2.6
8.6

IL.3
7.7
u.t

12.8
2T.l¿
25,2
6.7

L2.6

.2

.2

19.8
26.1

2L.3
26.O

2l¡.8
ilr.8
22.tl
2L.3
15.3

JB.O
21.6
2\.7
30.l¡
29.1¡

2?.8
26.7

19.
25.

ig.5
27.7

29.E
30"5
3t.3
?9.2
31.9

3.).1¡
JO.7
25.L
36.6
3l¡.5

39.6
28.5

28.2
26.3
2b.7
?3.)
22.3

31.1
et.6
21.8
30,0
23.O

39.7
5r.6
21,9
?L.0
26.5

18.2
3CI.9

35.o
35.9

?o.1
17.8
27.t
7.6

301.1¡

2u.6
3lr,1,

6.9
21.0

6.5
13.6
7.8
7.2

39.7

5,5
]jl.t
3l.h
L3.6
15.3

56,6
tl.l¡
7.0

66.6
15.0

óh.5
)5,2

t.
25.

0.9
L1.5
19.0
11.1
9.2

28,8
23.9
5.2

r7.8
16.9

5.7
6.5

11.2
16.1

5,2
L5.5
30.6
2.9

20.7

30.5
l¡0.8
5rO
5.2

L6.2

13.0
6.?

26ú,,3
3O9.1

258.t
6'l.o
368.1
2l¿6,2
793.,

291¡.1¡
2I¡0.9
312.1¡
23L''2
2lÉ.6

L38 ú
b23.r
ali|.,
t?2s
30É.0

292.9
l¡52.6

.)

.3
30
26

2
7

6
2

1gl1
t932
1933
r.93L
L93,

1936
193?
1938
r9)9
19b0

19b1
19b2
19b3
19l¡b
L9t$

r,9[6
t9L?

26.5
2b.O
u.6
18,2
IL.9

18.8
t5,E
16.0
12.6
9.3

22.L
2b,3
2l¡.9
ì3.6
r8.?

L9.2
3l+'8

26.9
?0.J
Lg.5
19.5
lb.8

3?.2
2t.2
J7.2
15.?
?l¡.6

15.9
27.2

-J0.e
25.|t
28.0
29.g
25.9

2'l ,o
?2.8
2f .lr
t b.8
3L.l

28.2
28.'
30.r
33.5
29.,

2ù.
32.

27
2?
29
3r
30

.6

.6
,9
,6
.T

3r
25
22
32
2?

0
l¡
7
2
I

t

a

!

a

26.b
?8.1
2L.6
36.6
2l¡.O

331
6 l¡0

.3

.9

13.2
2?.9
8.0

28.1¡
25J.O

65.6
2ó.1
50.8
11.2
ï1.7

3[.6
hl.J
36,1
b?.9
5L.a

35.\
3?,8
16,1¡
bi.o
26.6

35.6 2h.2
33.h rLó.5

lr.6
5.6

62.3
9.1¡

20.1

13.2
20.2
97.3
6.3

?L.5

Ë

87,3
52.5
29.3
29.1!
65.o

18
61

Àts. u.l 2O.2 2\.3 25.7 27.O 3J.8 3O.7 Lh.e 1¡ .1 18.6 ló.9 33lr.lr.8 ?a
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Table 95.--Historical accretion of Repubticar¡ River between Culbertson and C¡nù'ridge 1ess Red 1tillorr and
Medici¡e Greek ÍIow g1l

(unit - 1000 acre-feet)
Iear Oct. Nov. Dec. Jan. Feb. llar. _ Apr. May Jupp

6
6
,

.6
,7
a?
.7

-0

È,
CD\r1

3
I
?
TI

1929
1930

1931
1;932
1933
19ll¡
L935

1916
l937
1938
1939
19t'O

19Ll
f9l¡2
r9ll3
].9LLt
191{5

39,2
0.1¡

2.2
-5.5

6.
é¡.

32.6
-10.1

-5.9
-5.L
-3.2

2.2
-6.?
-L.g
-1.6
-3.7

3.6
3.1
o.8

-3.3
-O.2

-9
-o
-1

1.8
-l¡.3
-l¡.3
-3.1¡
+.1

-I1.0
-0.1
2.1

-5.6
_2-3

-L7.
-0.4.
-l¿.
-3.

1.O
L,5
1.1

-5.0
-1.h

2.7
-6.1

r.5
L.1

-O.?
-2"8
1.3

-2.l.¡
15.1
10.2
12.1
o.2

23.1¡
2.L

-1.1
3r.6
7.L

-9.8
L2.7
37.9
33.5

-39.6

bl.3
-u.6

2.6
l¡6.L
39.o

1?.5
8b.2

-0.
_L5.
-J.

-13

-9.3
-b.1

15.6
.g
.l¡

-a.g
6.2

-o.3
-3.0

-l¿.L
-3.9
-6.0
-3.0
+.L

-h.3
-6.b

L.5
-r!.6

-6.2
-3'8
-5.9

-Ió.8
-1.6
Á,7

-il¡.3
-lr.o

2.O
-lr"O

5.6
-O.I

7.7
7.5

*2.8
-O.6
-¡¡.9

2.6
-o.B
l¡.!

-3.9
2.3

lr.lr
-?2"O

6.8
-1.6
L.2

o.2
-1.8

3"5
T2,,

t2, h
-o.3
22.3
-o,8
o.8

'7.
-2.

-0

-6..2
3.6
6.2
2.O
5.7

0.2
É,6

7

13.?
2.0

23.1r
4.1¿

-79.o

19.0
-6,9
0.6

16.0
5.o

2.8
L9.g

3.1¿

53.o
l+1.9

2A.6
L3.t
2.5

].:9.9
191¡.9

5.2
9.7

lo.6
16.6
2.8

16.?
_2.7
-O.2
25.2
37.6

3.6
-L.3

-12.0
2.0

-92.3
'3,7
25,3

4,1
16.0
lù.0
9.5
2.7

2?.7
4.2
-0.?
?.1

-1.?

-O.1
-1.1¡

l"o
18.9

-2.3
8.8
3.3
8.1

29.'5

0.8
1.5
6.2

-2.0
-13.7

L5.g
-6.8
0,2

-o.g
-e.6

L.2
-J.O

89.6
?1.8

0
I27

-ó,6
-5.6

L5
9"0

-8,2
- ó"3
*t.r

Ir
6
T
l¡
3

95.2
19.o

-37.5
0.ç

137,7
.'l -2.6.8 -13. e

-6,3 -t-l
-6.0 h
1.9 -r:1.5 -o

-7.b -20

t9l$
]t9lú

10.9
11.0

5.6
2.9Il¡O6

.2

.g
-o
!o

4.9
1.b

e.8 lr.l
2. a

g/ Þrclud.es ttre flows of N¿åicine antl ?,ed lTillow Creelis
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Table 96.--€stÍrated histor{-ca1 aceretion in floir of Republican River between Gulbertson and. Bartley ûiversion
Ihm, less Red Wl11ou Creek flow a/

Unit - i-@O acre-feet
ïear Oct. Noy. Dêc. .Îen. Feb " lfår, Apr, May June July Aug, Sept. Tctal

I?29 1.8 -?.8 4.2 -3.ó 1,5 l:,'l ? -9 5.8 Ll¡.3 32.7 3.0 -3.3 7h.8
1Ð0 -h.6 -3.1¿ -2.1 -5 J -lr.? -0.1 10.L 22.6 35.0 O.J -3.ó 15.8 59.9

r.931
L932
rgt'^
1931¡
t935

1e36
L937

, 1938

27.2
-8.1¡
-l¡.9
-L.5
1.'1

1.8
-5.2
-[¡.1
-1.J
-3.1

J.O
2.6
a.7

-¿.8
4.2

Ð'O
-11.6
-7.8
-o.6
-1.5

1.5
-3.ó
-3,6
-?.8
-3,L

-9.2
-O'1
1.8

-l¡.?
-1.9

4.5
-13.0
-2.9
^2-2

-LL"O

-3.?
=3.3
-5.0
-2,5
-a.8

;1ù.1¡
-,0.7
1,3
-3.9
-3.2

1.3
-!2.2

-5.2
-3,2
-l¡.9

-5,3
-5.0
L.6

-6.3
4.2

-1lr.O
-¡_,J
-5.6

-Ll.9
-3.3

J.B
7-5

-ó.8
-5"3
-b.3

6"L
6.3

-2.3
-o.5
-l¡.1

2.2
-O.?
3.1¡

-.J.3
L.g

3.'l
-18.1+

5.7
_1.3
l-r0

o.2
-r"5

lil,l¿
-o.2
18.6
4.7
0.?

-6.2
-2.2
5.6
2,o

-0.2

-5.
3r
5.
1.
lr.

0.

L1.lr
1.7

rg.5
-o,3

-66.0

t5.7
.Ë.l¿
0.5

13.l+
lr.2

9.1
9'2
2.1

13.3
2.8

2.3
2.2

n,2
16.0

1.3
0.9

-0.6
-2.3
1.1

¿.cl
w.6
g.ç

10.1
0.2

19.5
2.0

4.t
26.Lr
5.9

-10.o
1"?

-l¿3.7
-3J
21.r

ó.I
13.1¡
1r,7
7.1
2.3

19.0
¿.3
-o.6
5.9

-1".I

-.L.9
?.3
2.8
6.8

?3.8

o."l
1.3
5.2

-1

79.6
1ó.0

4L.2
0.b

ILI¡,9

-8.5
lo.6
Jl,7
28.0

_32.9

)9.5
-11r.7

2.2
38.7
32,,

il¡.?
70.5

2
16

L62

-u
Ln?
19L0

a1
3
7

B('\

191¡r
19L2
191+3

le!!
191ú

191ó
191?

-Ll.lr
3.9

-1.0
-0.6

-16.7

0.8
1.3
o"g

-l¿ "2
-L,2

h.3
¡.ô
g.g

13.9
2.3

lJ.g
-2.3
-{.2
2r.0
31.1

3.1¿
J,lt,2

.7

.b

4.2 -0.1¡ -O.lr
3l+.2 5.2 L.2

2
0
¿

7
I
2
7

2"3
-í.r

L.7
-3.3 L a

["7 4.1
2.L -1.2

13.3
-5,'l
0.2

4.8
-€ '2
1.0

-2.5

å 1.5 -2.2 + -l¡.8 4 0.2 2.9 3.lr 23.6 6.5 0.6 2 .7

t/ EsüÍ.¡aåted to be 83 "5Ë of the Eain br-"wee¿ Culbertsan and Cambridge
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Teble 9?.-Increase ln Fistorlcal ELo¡r of flepublicar¡ fl:iver betreen Bart'lery Dfversion and Canbrf,dge
Itiversion a/

Unit - 1000

L929
1930

193r
L932
Ì9t3
19lh
L9t5

r936
r937
r938
L939
191¡0

191¡1
19L2
r9l¡3
reu
1eL5

191¿6
19ù?

O,l+
-CI.9

5.1¡
-1.7
-1.0
-o.9
-o.5

O.lr
-1.04'8
{.1
-0.6

0.6
0.5
0,1

-o.5
o

o
6.7

-1.5
-O.?

2.6
-2.3
-L.6
-o.1
-o.3

o,3
-0. ?4.7
-O.6
-O.?

-1.8
o
0.3

-o.g
-O.l¡

{.1
I.O

-O.1
-o.5

-{.1
-2-64.6
{'l¡
-l.ol

-O'7
-O.6
-1.0
4.5
-o.6

-2.9
-O.l
-1.1¡
-0.8
-0.6

-O'1
o.2

4.7
-1.1

û.2
-2.1¡
-1.0
-O.6
-1.0

-1.0
-1.0

O¡3

-L2
-L.2

-2.8
-0,3
-1.1
-2.1r4.7
0.3

-4.?

O.
1.

-1.
-1.
-O.

-é¡ê
0.8

-O.2
-o.1
-J13

c.2
0.2
0.2

-0.8
-O.2

O.l¡
-1.O

0.9
0

1.3
L.2

4.5
-o.1
-0.8

o.b
-0.1

O.?
-o.6

0.1¡

0.7
4.6
1.I

-o.3
or2

0
-O.J

uo
-0¡l
3.7

-o.1
0.1

-1'2
-o,b
1.L
0.1¡

-O.l

-1.0
0.6
1,0
0,J
rr.9

0
o.g

2.3
0.3
3.94rI

-13.O

1.2
b.5

3.3
-l.I
o.1
?.6
0.ô

l,lr
7.1
0.lr
3.2

32'.2

8,7
6.9

o.g
0.9
J..?
2.7
0.5

0.?
6.?

6.5
o.1

CI.2
o.2

-0.1
-O.5

0-2

{.1¿
2.5
I.?
2.A
Ð

3.9
o.l¡

4.2
5.2
l.?

o.6
-Or7

-2¡0
Ð.3

-8.6
-o.ó

b.2

-1.2
2'6
2.3
1.b
0.1¡

3.7
4.9
-O-].

Lo?
-0.3

0
-O.?

-CI.?
3ù

-0.It
L.5
0.5
1.3
l¡.?

o.1
0.2
1¡0

{.J
-2.)

2.6
-L1

0
-O.I
-0.1¡

0.2{.5

1.1¿.8
II.9
L5.6
3.04.3
0.1

22.8

-1
-0

0.ð
2.¡.

1
9

7
5
l¡
0
I

a

B*¡

r.8
l.B
Or5
2.6
o.6

0r5
O.l¡

2.8
4r!¡

0
l¡,2
6rz

qlr3
2J
6.2
9.5

4.?
?.8

-2.9
0'¡r
7.7
6.5

0.9
o,5

2.8
13.7

lûatr.êcOet

ao.-1-0 -0-

Z/ Excluding flow of l[edlcine Creeli.

KS002407



Red Willûw Unit

Culbertesn and Partl,ey Ðlversíon Dam leee the Red l[¡illow Creek flcnrt
and table 98, the $m of, the flows of F?er¡clmå¡l çreek at the moutht
the Republtcán Rlver at Culberbson, a^nd ñed MIIoW Creek at the noüthr

The depleted Jlqyf of the Republlcarr RLver avallable for uee at
Bartley Divå¡slon Darn ia lleted in ùable l0l¡. The f,}ow avaiLabLe
for usä aù Bartley ls the gum of table 82r the ccrÁbinêd flows of
French¡¡en C¡eek and the Republican River and return flowe from the
Frenchaan and ![eeker-Drtftwood Unita, and table 96, the estjnated
historicsl accretlons llt flow bet$een Culbertsolt and Bartley'
Table 105 1s the eûne table with the negatlves in the nlnter months
carriod over to the next nonth. this is the fiow uead ln the oper-
ation study. t¡tlnüe¡ negative flowe were gatisfled in thie way and
negatlve fiows occu¡¡lng dgring the irrlgation season nere loet by
rese}coir re1ea6e8ô

Reiurn jlow

Ëei,'¡rn flors avaLLable for use i¡¡ tl¡e Red Willor Unit coneisf
of the ¡etr¡rn fLûrs from the Frenelrnan and ileelcer-Drlfbrood Unite
arrd rett¡rn flows fbom 21610 eores trrigated by the ulc0ook and the
Red WlILow Canals above Bartley Dlversion Dar. llhe retrrrn flows
fþo¡n the F?ench¡nen end ùleoker-Dliftwood llnits were coroputed in the
discussion or' the Meeke¡:-Dri.fùwood Unlt and are part of the .flows
llsted in table 82r the combined flows of lrenc!¡nan Creek and
Reputtlican Rivel and return .flowg fron ttsenchc.an and iteeker-
Dnlftrood tinits a.fter all rçstrean developren'L' The retu¡n flo¡vs
fbcra the 2ró10 ¿cres trrigated in the Red $iliow Unlt and avellabLe
for rree at BartLey Divoreion Dam ¿re listed in table 10Io

There are 111960 acres to be {rrigaùed by the Mc0ook and Red
14ri1l-ow Canefs, The return flows fron thls are& are listed ln table
100. Return {Lorrs frcn the 2r35O aereo served by Red llill.ory Canal
below Bartley Dlverslon Darn, table 102, were considered avalLable
for diverelon at Canrbrídge Diverslon Dan. Return flows florn ühe
T'OJO ectes lrrigeted by the BarùIey Cana1, üabLe 103r were aleo
considered avaLl-able at Carnbridge Diversloo Da¡n.

Return flo¡re f¡o¡n the Red 1{!11ow {Init uere canputed on the
basis that 75 percent of t,he c¿na1 and .fann Losses would roturn
to the stresn and be avai.labLe for rguse. The rr¡onthly dlstrlbution
of return f,Lows used 1s ühe sarne as was used f,or the Flenelman Unit.

lVater Reqqirenents

tr'acùors atudied in deterrninlng the water requlred for irrlgatlon
in the Red Willon Unit i¡¡c1ude¡ (I) Ttre consunpÈlve uee of water by
erops, (2) totar precipitatíon and the precipttàtton that can be ugäd
by crope, (3) consuloptlve use requlrements of inigated crops, (l¡) fa:m
deli.vary requirenents, (5) a¡rd dtversion requironents.

188
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?able 98.-Sun of fl-o,vs of Frenchuan Creek at uouth, pl.us Reprrbli.can River et Gulbertson, plus Red Êllow
Creek at noutJr arl

(

Year Oct" Novo Ðec, Jaa,'

15.6
13.L

22.2
9.3
8.1+

Ì7.3
5.1

10.o
23.2
22.2
L.6
9.9

1ç,O
J8.2

27.5
?1.7

22.5
20.6
r5.2
16"0
IO.J

l'5.7
12.9
u.0
10.2
,.9

19.2
¿0.9
2l.l¡
10.b
L5.3

u.0
21.8

26.9
2?,O
L?.7
27,9
23.8

23.1
L7.?
L6.5
l-6,3
12"2

27.5
20.0
33.L
13.3
?1.h

18.7
22,2

20.9
12.!
Lg.6
2L.'l
12.1¿

30"8
18"O
2r.3
?7 "225.6

Lg.2
23.It

Fr-l¡.

25.b
2L"5
23.6
25,6
22"J

?2,9
l_g,g
20,5
12.b
30"3

2L.T
2ç,3
26.2
29.3
25.o

21.0
28.8

35 "523"7

21r.2
25.ç
26.t
2\"9
27 "ç

28"8
26.8
2]-.3
32.7
30"5

?2.1+
6.3
ul.0
lo.ó
âCI.3

27.3
36.6

30"6
'¿3.t

23,,5
20"0
18.5
18,2
1?.1

2u.7
18"ó
20.9
25.1
19.5

35,2
32"6
18"e
58.8
23.2

15'l.t
27.2

29.5
Jl.3

5g'o
?3.3
lß.5
8.2
9.5

2l.B
31.1
LJ.1
3L.?
f:9.2

27.
29"

19.
2!r.

LT.1
2L.g
5.3

2L"2
23?.o

28.9
3l+.9
32.0
f8.3
3,1¿.L

18.L
hg.b

!¿
12.8

l¡.6
10.1
5.L
3,9

33'2

L3.8
g,ó
J"1

[g.h
r[.6

60.5
26.O

1+"1
L93

ll"l¡
ú.5
91.1
3.lr

r.8.J

6.3
6.0

16.J
8.4
3"6

25.1
20.2
2.6
8.0

13,r

3.9
3.1¡

8.1
11r.3

3.6
3.2

53.6
5.6

16.0

2.?
12.7
e8.0
1.7

1l¡,5

1?.L
3J,0

1.8
3.1

10"0

2L2.8
20?.lt
315.O
L95.2
?17.0

2l¡5,1
198.7
265.8
1t90,7
178,8

2'1fl.6
32L"2

L929
1930

r931
1932
1931
1931¡
1935

1936
193?
].t38
t?39
191¡O

19L1
191¡2
19L3
l-?Ll¡
19h5

I
1

I
7

I6
2L

15.1+
lL.2
2?.7

l+.6
?80.1¿

7
I"J

"7

227.5
2b9.5

22

25
26
25

t

t

a

0
6
3
6
Ia

2.9
?.b

25.b
10.1
9.b

9-2
6.1
B.B
5.8
2.6

IJ
bo\o

.5
,5
.lr
'l¡.I

3t6
3h0
203
290
818

?0.6
1r1.3
1g.h
22.O
lß.5

19b6
191?

Tots]"

I6
30

1
9a

13
2J

t.8
7.?

Aver.ape r3.0 t?.1 2Õ"9 21"9 23.2 29,L 2\.7 .3?'8 110"7 LT'? L:1J"7 12"8 273.L

{ Table usecl to conpute flow of Republ.ican IILver at Bartley Diversion Dam.
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Table 99,-Estinated hi,storical flon of Republican River at BartLey Diversion Daxû

u[it - acre-feet
lear

L929
r930

1931
193?
f:91]
1931
1935

.h

.5

l¡9.h
o.g
3,,

12.8
2.6

LL.O
0.9
L.7
l¡.9
o

13.0
25.8
22.9
1.8
9;7

Nov.

rg.7
18.3

35.5
9,0
7.b

15.lr
8.8

17.2
9.3
9.1¡
?.lr
2.5

Lo.0
20,8
23.2
5.7

lJ.l¡

L6.B
19.3

26.1¿
9.0

16.8
25,7
12.8

1g.L
1lr.L
11.5
13.8
g,L

13.1
1g,3
e5.8
9'L

18.2

w.g
2l¡.9

15.1
]..6.g

Jan.

23.t
lL.lr
20.1
23.1+
20.9

L5.6
7.!r

?L.?
15.L
6.2

20.9
20.1

11.h
17-0

11.5
23.8
L9.,
TL.8
13.6

?2.5
26.6
27.1
25.L
23.8

23.3
23.7

l¡0.e
23,6

30.6
19.?
2L.?
2L,l¡
23.1¿

31,0
25.L
2li.?
2g.L
j2-L

26.1
l¡?.9
26.7
29.3
2L.3

27.5
39.L

33.5
33.9

)).9
19.8
3?.1
17.5
u.8
Ig,5
1ó.lr
26.5
27.L
IB.3

30.0
35.6
e3.l¡
60.5
?8.0

15.6
31.9

35.1
53.9

6h.t
5g.L

28.3
5?.9
7.\

37.5
399.'l

33.2
39.7
l¿0.9
52.2
j6.'l

gb.5

39.o
].9.2
lr3.O
?L.9

2r.8
83.6

ù

b.8
30.1

1.?
10.5
56.tt
12.¡r
39,8

2r0
ill.o
33.2
0
3'1

30.?
?7.3
e.0
2.3
?.8

10.8
1.2

302,3
309.u

292.It
223'\
?83.8
lr95,'6
83I,9

2)6.6
209.3
297.9
218.?
th6.l¡

385.O
325.8
205.6
329.r
27O.6

262.1
391.?

a a)

1?
I

26,8
].5,9
lr2.t
1.3

2}b.1

7b.7
L7.9
lrb.o
21.6
)2.7

30.9
l¡0.3
U.lt
l¡8.0
2?.O

30.0
3?.1

.9 ?.I

.1 L5.7

1.Lt
r7.2
l¡?.¿¡
o,3

39.b

36
r3

29.2
IL¡.0
1ó.8
20.3
18.O

5.9
IL.O
l¡.5
1.6

3l+.3

0.9
?0.o
J3.9
20.2
5.6

63,,3
10.6

2.2
7u,8
t7.5

û.2
1g.L
28.O
L9'.J
S.g

3.8
2.2

€o

193ó
L937
1918
r:939
19b0

ltLl
191¡2
191+3
19\b
19b5

16.8 .1
o

.0
oa/

.7

l¡l¡
L5

2
r3
u

16.7
L5.7
L5.1
22.3

Ieb6
19L?

th.8
72.|t

15
36

65
28

7
I a

a

a

2
l+

lota].
Averaee ll¡.6 15.o 16.8 ü.1 2A.7 29.2 2?.6 lù.2 6l¡.1¡ 23.? 15.3 15.3 300.9
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Table l00.--tetrrn flow frør !960 acres irrigated by Red üIillcm Canal.

auneaaar
- 1000

o.2
a?

.3

.2

.2

.2

.1

.2
c1

o.2
.2

.1

.2
o1
.2
.J

0.2
.2

.2

.3

.3

.lt

.3

.l¡

.3

.3

.b
'l¿

J.O
2.L

l¡.6
3.8
l¡'2
b"6
l¡. ?

2.8
2r3

0"3 o,h o.3 0¡3.2 .2 ,2 .2

3
Ir
Ir

.2
a?
.3
.1
.3

.J

.2

.3
"¡¿.lt
.6
.¡r

.6
,l¡
.5
.5
.5

.l¡

.3

.l+

.h

.h

.2
oZ
.J
.1
.3

.2
,?

o,2
.l

.2

.3
"3.b
.3

.l¿

.3

.3

.l¡

.l¡

.2

.2

.2

.l

.2

.2
tZ

0.3
.2

.2

.3

.3

.5

.3

o.2
.t

2
I

o.2 Oo

.2

.1

.2
o2
.2
.3

L9æ
1930

193r
L932
L933
1931+
L935

u36
193i
1918
t93e
råù0

],9Jrl
Ie!2
g)l¡j
lelù
t9l$

2.1¡
3.5
3.5
l¡,9
3.8

e.8
2.L
2.9
L.l¡
2"6

¡é,
a?
.t
.1
.2

.2
¡3
,3
.9
,3

.l¡

.3
.l¿
.lr
.l¡

.2

.2

.3

.l

.3

.3
o?

.6
rh

.6

.h

.5

.5
o5

.3

.2

.3

.I
r3

3
.2.3

a

a

o

t

a

o

a

t

3
T
l¡
6
l+

.6

.lr

.5
rÞ
.6

.3

.3

.h

.I
'l¡
.3

G

¿

3
2

3
2

-?

2
3
3
3

2
t
¿

1
2

2
I

.2

.¿
.2
,3
ot

.1

.l

.2
o

tZ

.1
.2
.3
.3
.l¡

.2

.l¿

.3

.3

.3

a

a

¡

ó

.3

.2

.3

.3

.3

a

a

]

3
2
3
3

3
I
1
2

a

a

a

a

.2

o

.2

.3
.2
.3
.J

-j
.l
-1
cl

.1

.2

.2

J
t

a

.2

.2
aôa?

,2
.2
.1

191ó
19¡¡7

Averaee .2 3.132.2 o¿ .2 c .3 L L .3a 3.J

KS00241 1



TabLe l01.-Retrnn flow frcrrr 2610 acres inigated by Red Tfillou Canal and ¡vaÏLab1e fon r¡se at Bar-t'ley
. Dfvêrsion Dan

(Unit - 1000 acre-feet)
Téa¡ tlan, Fp.b" trûar" Apr" Lçy _June . J.g1y Aug. Se¡t. Oct. ,Nor¡o Deõ. iotáI,

L9?g
1930

193L
1932
1933
193!
Le35

.I

.1

.T

.1

.1

.1
rl
.1
.1
.1

0.1 0.1
.L o

0.1
.1

0.1
.I

0.1
.1

.2

.1
.2
o1
.2

.1

.I

.l
.l-
"t

0.1
.L

0.L
.f-

.l

.2

.2
o?
.2

.2
t1
.2
t?
ç1

-1
.1

0.2
.l
I
2
2
3
2

0"2
.I
c4
.e
¡1
.-3

.3

0,2
rl

.1

.2
tZ
o3
.2

rJ
.2
.2
o3
.3

.2

.l

.2
rL
.2

"?.

0.2
rl

0.1
.1

.1
"2.2
.2
.2

.2

.2

.2
,2
.2

.1

.I

.1
0
.I
.1
.1

1¡6
1"1

.1

.1

.1

.2

.1

I
I
L
2
t

1
I
1
?
2

?

¡
a

a

a

a

t

a

I
1
I
?
t
t
I
1
L
2

t

t

1
l_

1_

2
I

a

a

I

a

¡
a

I

.I

.Þ
té

.2

.2

1"3
1"8
r"8
2"6

1.1
L.5
0"?
Llr

rr)
1"2

2.O

1936
L?37
1938
L939
19l¡o

2
l-
2
2
2

I
I
1
I
I

.2

.2

.2

.2

.2

¡
a

a

3

.3

.2

.2
"3.)

3
3
?

3
3

.2

.2
¡ë
n2
.2

2.lr
2,O
2,2
2.lr
2.5

L"5

ua
a

191¡1
19L2
191¡3
191¡lr
191¡5

.].

.1

.1

.1

.L

.1
o
.1

0
.1

.1 .1

.1 .1
.I

o
.L

.1

0
.L

ì
.I .l

.I L
1
t

I
I
I
L
1

1-

.2
I
2
1
2

2
.1

cZ
.l

.l

.1

.L
-I
.1

I

.2

.I

.2

.l_

.2
0'
0

t

-1

¡
t

!

c

a

191¡6
191¡7

1
1

.1

.l1.1

1o7.f- I .1 .1 .l' rI .2 a? .2 .2 o? .L

KSOO2412



tahl¡e lûz.-Rettrrn flow fron ?.lF åeres trrigated by Red fÍillo¡ç Canal a¡¡d aveilable for use al,
Cambridge Diverslon Dan y

(Unit - L00o acr^e-feet) _
F---Eñ. Feb. llar. Apr. May Juoe Ju\y Aug. Sept. Oct¡ l{ovr Deç¿ lota}

]'y29
1930

r931
t932
1933
re3ù
1935

LÐ6
L?3'./
1938
r:939
r9l0

L9l¡r
r9l¡2
191¡3
191¡l¡
191¿5

19b6
leü7

o.l
.1

o
.1
a?
.l

?.)

0

.1

.2

.1

.1

.1
0

o.1
.2

0

'l.1
.1
¡1

o.I
.1

0
I

.1
o

.2

o.1
0

1
l
1
1
I

.2

.I
r2
.¿
-1

0.1
o

.1

0.1
0

0.2
.l

.I

.1

.T

.3

.1

.2

.l
,2
.2
a?

.l

.I

.¿

.2

0.1
.I

0
.1
.1"

0
.l

0.1
.1

0.1
.1

0.2 0.1
.1 ,1

1.1¡
1.0

I
2
I
2
2

a

a

a

Ò

L
?
I
2
?

a

a

a

a

a

t

t

f

a

a

a

1
I
I
t
1

T

I
I
1

t

t

t

a

¡

t

a

a

I

t

a

o

a

2
2
t
2
2

I
I
2
I
I

a .l
o1

.2

.2

.1

.2
rI
.l
.2
.2

.2
,2
J2
,3
.2

I
t
1
2
I

1
2
2
3
1

a

a

I

a

a

2
2
?
3
2

.l

.1

.1

.3

.1

té

.1

.2

.ê

.2

.2

.L

lrl
l.?
1.7
?.1
1.8

2.2
1.8
2.0
2.?
2.?

1,3
l.o
l.¿r
0.?
L2

1.3
1,1

2
I
L
1

a

I

at

u

s a

.3

.l

.1

l
I
3
?
2

.3
,2
t

.2
,]

.1
)

'1
0

.2

r3
.1
.3
.2
.2

-1
.1
¡é

0 fì

.1

,2
.1

t

a

I

.I

.l

.I

.1 0

.1

r1
.1

I

2

2

.1

.1

o
o

1
I
2

a

a

Io

o o

0
0

I
I

1
1

0

0 0
.1

.1
o o

.2

aat
L

I
t_ .2

.1 .1
.I

t I
l

-1 0,r 0.1 o.l o.l 0 I O.2 0.2 0,2 0.1 O.1 L.5

fteturr¡ fllows flo¡r lrr96CI aeres lmígated by 111960 ac¡es by the Red llil-llovr Cenâl, Red'Jt¡lllow Unit,
retur:r fls¡v frtn 21610 ¿cres consldered avallable at 8arùIey DiversLon DaÍ¡,

leaa
10

a/

KS00241 3



TabLe l{J.-nåtürrl flow f}om 70J0 ac¡es under Bartley Canal

âflo

ü - 1000 acre-feet

0.5 Q.5 o.l+ 0.3 l¡.3
.2 2.

0.5
.3

ú"L
.¿

.L¡(

"5
a?

'l¡
.6
.L
.5
"6
'6

"3.3
.lt
.1
,b

.l¡

.3

I 0.1
ttl

3 .3
l¡ .l¡
3.h
5.6
b .l+

5.6
3 .lt¡{ '55"55.5
2.2
2.2
3.31.1
3.3
3 .32.2

0.2 0,

?

ô

a

a

a

I

.L

,?
.3
.J
.l¡
3

.l¿

.3

.L

.l¡
,h

.1

.2

.3
,3
.5

.3

.L

.3

.b

.lr

,h
.¿
,?
.3
.1

òJ
t1

3
3

2
2

3
3
5

3
l¡
3
L
I{

l+

?
2
3
I
j
2

t

I

a

a

a

I

a

I

a

a

0,3
.3

o.3 O.t929
1930

1931
t932
t933
1931r
L935

1$6
L937
1938
L939
19bo

ryh1
r9ù2
]:9,$
Lgtd+
191¡5

191¡6
191¡7

)2

b
5
5
7
b

.3

.h

.6

.6

.8

.g

.J

.5

.6

.6

.g

.6

¡

3

I

.l¡

aa 3

2

3
b
b
5

3.7
5.0
9.2
7.O
5.b

.8

.6

.7
,7
.7

a

c

.6

.l¡

.6
r¡J
.6

.J

.lr
'l¿
,6
.lr

.6
"b
.5

"5A

.J
,l
.3
.1

2

rJ

ó.8
5.1
ó.0
6,5
6,6

l¡ro
.3.1
l¡"1
2,0
).7

a

a

a

,
a

l¡
6
6
I
5

I
6
7
7
7

"L.J
.5
té

,5

.5
r3

a

a

¡

a

a

I

a

a

t

I

¡
a

a

a

a

9
6
7
B

I
b
!
5
?.

5

a

a

.h
a,

.l¡

.I

.¡¿

,5
a?
.2
,3
.1

.3

.3

IJ
te.

l¡ ,3

.lr
t
3I

5 .l¡
a

n2
.2
.3
.1
.2

.2

.2
lr.2
2.3

.l¡.5
.lr

Avg. 0.3 0.3 o.3 o.J a.3 0.b o.!r o.ç Cr.6 o.ç O.l¡ û.lr l¿.?

KSOO2414



T¡bLe lOl¡.-Depteted flons of Republican River availeble for uee at Bartley tiversion W {
r - 1000

T¿ar Jen, Feb. l{ar.

L92g
1930

19¡¡6
191¡?

{

15.0
3.2

20.8
-6.3
L.g

2L.7
3.1

?.1¡
-O'
8.

11.
-]'.

-5.6
15,1
13,6
-5.1¡
2.5

12.8
l7,g

IL.?
g.h

38.0
1?.2

28.1
L"l .2
9.6

2L.7
J.9

11.?
¡r3.3
2L.6
7.[¡

16.L

L9.1
26.9

29.5
9.o

23.5
3.1¡
b,3

0.2
l.?
9.)

rl.8
lr.o

18.1+
30.9
9.9

3l_.8
2O,l¡

3

32.A
5l!.3

20.6
10.7
26.6
l¡.6

168.2

7b',2
-1.ó
36.3
1?.]

8.2

22.1r
)3.3
6.3

l¡2.1r
uI.6

12.6
3J.o

June

50..7
5i.3

2).9
¡¡7.L
lr.g

21.0
39I,2

L2.g
]:2.g
lB.2
30.7
12.1

ó8.2
32.L
\.5

36.3
56'.o

9.6
?2.6

36,7
5.8

l¡.1¡
b.2
2.2
1.5
6.2

1.5
16.1
L2.7
l¡.3
L.2

t9.7
5.6
2.8

61.1¿

9.5

L2.g
16.3

6.0
-o.5

-5.9
5.7

-0.3
0.8

2\.9

-2.2
16.8
t5.5
11.0
6.5

?3.6
4.ç
3.lr
g.g
2.2

0.2
u.r

1.1¡
10.1
t¡3.3
l-1.8
28.2

b.g
5.2

12.7
2.3

-6.L

22.L
2.1¡
l¡.L
2.2
1,.7

5.2
0.5

3.r
29.5

-5.8
-r.g
li[.6
b.a
6.9

1l¡.0
16.3

L.5
ll,2
5.'l

22.9

5.
2l¡.

-6,8
2.It

22,6
-3,6
ó.0

3.8
1.!
6.o
2.2

-l¡.1

19.5
19.1¿
2,6
2,8
a.5

lotal
2r9.8
276''8

133.0
1I0.lr
1L6.5
108.1,
ó61.1

t39,.?
70.r

138.6
Il¡0.1

30.5

255.U
22û.3
101,3
19t.0
lJ¿?. l¿

r,6
36.b

7
l

vs

1911
L932
r93)
I93L
l:935

u36
L937
r938
L939
19l¡O

19l¡1
191¡2
191¡3
Itbl¡
19l¡5

I
5
2
l¿

-l¡,5
-1.2
-o.L
1.7
5.8

?7.3
IJ.L
O.?

19.3
2.h

1.5
2.1
2,3
L.g

-2.5

26.0
5.9
9.5

28,5
10.?

9.7
9.9
5.b
8.2

-8.9

8.3
25.3
26.O
3.6
7.1

12.7
21.9

-1.2
4.2

4.¿
0.9
7.9

il¡.1
5.1
2.1
3.lr
3.8

1t5., 9
6a

,9
.5

2
I

7
5

a

a

Lvcraae ?.2 L1.2 19.8 L5.L 32.\ 5O.l¡ 15.2 6.3 8.9 ó,8 6.5 ?.! l8?.2

?
6

?2
3¡. 29

,* 2U
22lr

Cmprted as comblned flows of Frenchrïan + Republican ab Culbertson after upstrean developnent + gain in
flsr betneea that polnt and Ba¡tLey Diversion.
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Tab]le l05"-Depreted flow of Repub
flows adJusted a,/

lican Biver avai]'able for use at BartÅey Diversion Dan ¡rith vi¡ter

t - I0OO aGre:feet

L929
L930

15.0
3o2

20.8
o
1.9

zI.7
o

7.b
o
8.5

11.2
o

0
15.1
13.6

o
2',5

11"7
g.b

27.J
o
o.?

19.3
l.g
8.?
9.8
5.1¡
8.2
o

o
25.3
26.O
0
7.1

L2.7
2L.g

38,0
L7.2

28.1
11"1¡

9"6
2r.7
3,9

28,0
5.9
9"5

28.5
0.lr

7,8
h3.3
2!.6
5.6

16.1

22

19"1
2ó.8

29"5
9.0

2J"5
3.1¡
l¡.3

0.2
L.?
9.3

11.8
l¡.0

18.1r
30,9

9r5
31.8
20.1r

3"7
29.9

3?.0
t\-.3

20"6
10.7
26.6
L.ó

158.2

7h.A
-1.6
36.3
lTol
8.2

22.\
33.3
6.3

l¡e.L
13,6

L2"6
33o0

50"7
53"3

36"
)"

1"5
ló.1
L2.7
1¡.3
h"2

39"7
5''6
2.8

6t,lr
9"5

1t2.9
].ó.3

6.0
4.5

-5.9
5,7

-0.3
0,8

Al"9

-?"?
l.6.8
15.5
11,0
6"5

23.6
-0.5

3"1¡
B.g
2.2

0.2
17.1

1.1¡
10.1
b3.t
IL.8
28"2

l¡.9
5.2

L2.'î
2.1

-ó.h

22"L
2"1¡
l¡" lr
2.2
1.7

I.6
l6"lr

4"5
-]..2
-0.1
1.7
5"8

-I.24.2
2"2
Oc9
7"9

t[.1
5.1
?.1
3.1¡
3.8

J.l
29.5

0
0

11.ó
l¡oP
6.9

1.5
2.I
2'.3
1.9
0

t¡.0
16,3
t.5
l¡.2
t.7

5"7
2b"3

0
0.5

22.6
o
6.0

3.8
l.it
ó.0
2o2
0

rg.5
t9n¡l

2"6
2,8
8.5

20.9

7
E

.8

.8
21:9
276

I-l

b.r

r9]}
L932
L933
19jl¡tn'
L936
t937
r938
L939
191¡o

19|l1
19b2
1913
191¡l¡
191¡5

19b6
19W

12.8
u.g

2"9
L.5

9.2
0.5

il45.6
97.8

7Jú.5
lILr7
6b7.9

r39.7
70.1

uB.6
L[0,1
37.L

2l+8.6
228.3
].0r_13
199,O
1¡?.lr

2L3.9
221+.8

23.9
h?.¡
L,v

41.0
19L.2

72.9
w.g
lð.2
jo,7
1?.3

ó8.a
32.1
b,5

36.3
56"o

h"b
lr"e
?"?
1,5
6.2

9,6
72,6

.2
"63I

\t.t 22rg

t þ o

a/ Conrputed as eombi¡ed flolrs of iïench¡nan + Republicar¡ at Culbertson after upstrea.n developnent f gain in
.Ílorr bet'ween that point a¡¡d Bartley Diversion. Negatives in rinter nonths ea¡rried oner to next ¡¡ont'hs.

t€¡¡-
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Red Wil1ow tlnlt

Coneuuptlne uee

The i.owrtrrfohnson nethod was used |n deterninlng the consunptive
use requirenents for ühe Red ltlllor U¡rlt. Thls nethd and the deter-
minatton of the conswptive use nonthly dlstribution percentages are
discuesed under the consrmpùiïe use dete¡rnínation for the F¡ench¡aa¡¡
Unit. Ths ant¡ue1 coneunptlve use has been detamÍned fron the effec-
È|ve heaù baeed upon the teraperatureg recorded by the Tile¿ther Bureau
at Curù1s, Nebraska. Thls ccruputation is shown in üable lOó' The
annual oonsunptive use has also been deüe¡¡lned for Cr¡lbertson based
upon tønperatr¡ree recorded the¡e. This ccruputation le ehorfn ln
tabLe 65. the average of ühe consrnptive uEe for theee tüo staüions
was ueed for the conownptilæ use for the Rsd W1I1w Unlt. The monthly
distrlbution and annual consunptive use for ühe Red Willow Uniü a¡e
shown in table 107.

Preolpltation over proJ€ct ã¡€e

Preclpltetlon dsùa ¡¡sed to detemine the effectlve preclpÍtation
for the Red Wtllorr Unlt were deterrni¡ed fron tha åverage of precþl-
tatlon ¡ecorded by the lleather Bureau aü tlc0ook and Ca¡abrldger Nebraeka.
The preclpitatlon recorded at theee ùïo statlons l¡t Llsted i.n tabLee 68
a¡¡d Il¡3.

Not aIL preoipitatlon fal]ing on the proJect a¡ea is effeetlvei
theref,ore an adJusùnent ras nscessary to dete¡mi¡e the mount that
rould be coneldered e.f,fective. Theee adJueùnents to the recorded
pecipltatior¡ rrere ¡¡ede ln the eare man¡rer ae e:çIained for the
trïer¡chnen ttnlt. Effectlve preclpltatlon at l,lcoook' 1s shoiln 1n
tabLe 108 and the effectlve preclpiùaü1on at Cambridgo' ls shovrll
in ùabl.e 109o The effeotirn preclpitatÍon for ühe Red l{illow Unlt
lc the averâge of these tro tables a¡rd is shorrrn 1n table I!0¡

Consrmptlve uga requlrements of irrigatl-on rater

The oonsunptÍve use requl.rements of Lrrlgatlon water is ühe
a¡nount not suppLled by effective preclpltation. ?he monthly consunp-
tlve uee requlrenents of lrrJ.gatlon weter for the Red lÍ11lorr Unit,
table J.lI, nere deùermined by subtractfng ths nonthly effectlve
preclplüation, table 11O, plus any precipitatlon cerry-svs¡ of the
prevlouo monüh flon ühe monthþ values of consunptive r¡se ehora Ín
table 107. the sol1 reeervoþ was considered to be abl.e to hold 6
lnohes, on 0.5 fseù of waüsr and this was the ¡aorl¡nr¡¡ carry over ug€d.

Dlverslcn¡ ¡equl¡enent

In order to satlsf! the crop irrlgat,ion rogulrements it ls
neeessary to dlvert sufficlent additionel ¡rater to orrerco¡rre t¡ans-
portatlons a¡td fann losses. The fa¡¡n logses were estirûated to be
JO percent of ùhe fanu de1lr¡ery requlrsñeîter Theref,ore the crop
lrrlgatlon requírement 1s nult,lplted by the ratio of LOO over 100
mlnus the 3O percent fam locs to give the fa¡n delivery requlrenent.

w
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Table 106.-4olputation of tffective [Ieat and Consurytive llse at Cr¡rtis, Nebraska

lq"y lÞgrees)

Ioat Jan. Feb. Uar. IrPr. llay Jure July AuE¡

-consr¡nÞæ

$eptr Oot. NoY. DeGo Total r¡se in
day degJt. deptb a/

L929
1930

1931
],,932
L933
1931¡
L935

191¡1
19lt2
1913
191¡À
Leb'

:
rl

b/-

b/-
v-

1e!ó
L9b7

)85 lrl+l¿28r2 rrbrg
o71 tr293
965 lrbrl
9o2 1,L51

trâl$ I
Lr25z I
Lr367 r
rrLBB 1
Lr2g6 I
1ró86 L

980 1

L,352 t,

BB2 11260
?ilt 11503

i27 11686
835 lrl¡76
677 L,635
9oo Lr3g5
Bl¡1 I,bL9

ooo 1,58r
o71 1161?
sLz L,575
866 11680
807 Lr5g3

1rb85
r1266
lrl¡82
]-'536
1rl¿58

- 9r83b
9'789

lor28o{ 91818
- l0r?00

tjtrl¡01
- 9'669

LOrO52
ro¡5gP
L[r 203

- 101668
ß'?bg

120

287

çe
937

1r1ol¡
9bz
bÍe
767

,
t

t

,
,
,

t1

I,
1,

r,
1¡
t,
I ,

lÍt6
296
228
hob

1,

991,
e5?

639
862
902
o57
B6b

551, 11882 I,
503 1,8?6 I,

1,

1,218
6t3
902

Lr3g2
919

I
I

56

27

L1b

2
2

018
97e

812
e56
lldr
0l¡?
l:96

001
CI51¡

628
9lÊ
thr

B5?
355

,39
.38

8?6
770
95o
713
786

5gt
9L6

900
tl¡l¡
93lr
Irlr
993

t92
ú5
9l¡J-
ol¡9
or8

1,
1,
t,

t
t

2,
2,

7b3
560
B5l+
803
503

?IO
599
68o
610
782

5ilr
5rg
56?
l¡91¡

3l¡l¡

2
1

1,
1,
l_,
1,
I,
2,
2,
2,
r,
1,

1,
I,
T,
I,
I,
1,
I, 9r$glt

:¡7Q9

2.l.t6
?.39
2.!b
2.6)
2'.36

2,ltz
2.5L
2.60
2rfr
2.51

2.1¡¡
2.bI
?.3?
2,29
2.32

2.39
2.36

1,

L9fi
1937
r938
L939
19L0

6
c¡t

I,
1,
1, I ,

t
,

I,
1,T,

t,
t,

1,
2,
2,

11869
1,938
LrgT?
L1662
1, ?98

trlo? tr572 Lr?lgr,r75 1,1L7 r-;63b

L0rLg5
10roo5

- 9r77LÉ 9 1230grlrlß

956 l,t6r
689

11Jlr
IrLTg I,

ô 1Or132 2.113

Fronr torfry-Johnson cltrve.
Becords for texington uoed when ou¡tis records !Íere inconplete.

a/v
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Table 107.-Distributicn of Consumptive Use-Red Ì.i]-low Unrt g/
(Feet per àcre)

Iear Jan. Feb" !lar.. Àpr' l¡ðJt Jt¡ne July Airgo SeÞt. 0ct. llovo Deo,

05
a9 "L2 .19 .2h

t929
I930

.02

"02

193T2aa

e

.30
"30.Jl
,30
.31

.blt

.ldr

.L5

. l¡J

"h5
.lr8
.l¡3

..!r5

.h5

.b7
,l+6

"Ló

.lr!
,l+b

"bb
"hz
€l+3

*l¡5
.t¡L

.l+6

"l¡6

.L7

"bó
.Lr8
.tL
"116

.l+8

.h8

'50
.l¡B
.!8

.LZ

.h6
,b6
"l$
.l¡5

.l¡8

"b6

"3b,Jlr

.35

.-llr
J5
'38
.Jl¡

J5
J5
J6
,)6
.36

.3lr

.31¡

.JLt

"33
.33

"3L

.2b

.?5
?5
ú
25
26

.29

.29

.J0

.29
n30
,32
.29

.29

.29

"29.?8
o28

"30
"29

o15
J5

"l-5
.15
.15
.ilr
.il¡

"15
.15

.05

.05

.05

'05.05
oO5
.o5

.O5
,a5
.o5
.05
.o5

oo5
.05
.O5
,a5
.05

.6

.o5

.0?

.û7

.0?

'07
o08
.08

'07
.o8
,08

"08.08
.08

.0?

.O?

.o?

"0?.0?

08
,0?

o15
.15
.15
.ú
.1¡

"15
.15
r1ó
.15

"LS

Iotã1

2.1Ê
2.b2

e.!g
2.1¡l
2.50
2.ffi
2.1¡O

L93)
19ll¡
L935

,03
,02
.O2
,o3
.02

.v2

.02

.03

.03

.03

.OZ

.02

.02

.02

"o2

.O2

"02

.05
"O5.o5
,Q5
.o5

'O5.o5
.05
.O5

"05

.12

.12

"12.13

"12

.13

"13
"L3
.13
o13

n12
.].2
.12
.12
.12

"13.12

.20

.19

.20
,2?
.19

o2O
.20

"2L
.2O

"20

.2O

"20.19
019
J9

"25
,?JJ
,25
.7
" 
2lr

193r
L932

L936
t93?
LÐ8
1939
191¡o

191¿1
];9lÊ
r.9l¡3
191¡h
r9l¡5

I9l¡6
19b7

r-tb\)

.05

.05
"05
.05
.05

a

a

o

a

,5L
c5t
o61
.fu
.56

.lr5

.lr[

.l¡e

.35
J7

,5L
.l¡l¿

2
2
2
2
2

2
2
2
2
2

2
2

.25

.25

.2lt

.2)

.2b

o,
o5

a

a

r2O
.?0

.2,

.25
o

a ,oz .o5 .12 "2o .25 "3, .l¡? "h5 .jo .15 ¡0? 2.lr8aç

3/ IIse mean of records åt Culbertson, Curtis, and Àlma.
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Table l08.-Eff,ectiive precipitatlon at McÇook, llebraska y'

(reet)

Jan. Feb. llär¡

o,oÌ
.01
.o9

Jur¡e JulJ Sept.

0.08
.18
.20

.JJ

.JI

.03

.01-

.r2

Oct. Nor. Dcc. lot¡luåy

r928
LW
1930

.3h

.20

.3lr

.27

.25

.31

oo0

.05

.ag

.23

.15

.13

.10

.oB

.12

.02

.IL

.19

.11¡

.19

.I0

.13
,il¡
.2L

.05

.11

.25

.10

.lb

,09
.19
.ll¡
,0L
.10

.16
,ls
.23
.1b
.16

.1lr

.07

.L5
.31¡
.2r

.32

.25

.L2

.26

.09
.26
.16

.3ù
.33
.22
.?l
.29

.?2

.29

.3J

.lB

.33

.13
-il¡

,18
.ló
.10
.15
¡C1

.30

.19

.03

.og

.O?

,15
.O?
.02
.09
.û2

.03

.02

.01
,0¡¿
,03

.08

.05

.18

.19

.0¿

.27

.25
,15
.31¿

.r8

.01

.18

.0?

.Ol

.oI

.27

.03

.16

.01

.olr

.01

.18

.1,2

.l?

.28

,05
.15
.a5
.16
rO2

.16

0,02
.13
.30

,12
,13
.22
.11_

.11

o'31
,J0
.2?

.23

.27

.09

.37

.22

o,o3
,og
.l-B

o.1r
.1I
'Jl+

o.l¿
.il.,
.2c

rB

.0J
0
0

o o
,0I
.03

.0lr 1.1¡9

.or l.eb

.12 r.52

.01¡ 1.19

.02 r.33

.05 O.99

.02 I 
'21¿.or 1.3ó

.Q'l 1.12

.09 1.10

.19 r,81
,Ol¡ 1.67
.æ 0.86
,Olr l.E3
.06 1.50

0 1..98
.09 1.51¡

1.1¡l
1,51¡
2.31¡

r93r
r932
1913
1931
L9ß

193ó
Ì93?
r938

,Oa
,o7

.03

.01¡
.07
.02
.ot
.gl

.11

.03
rOI
J8
.05

.oI

.oJ

.09

.23

.20

.IO

.31¡

01

.o7

,01
.ú
.o1
.10
.01

.06

.o5
.0r
.L,
.10

.01

.0b

.01

.11

.03

,06
.0b
.01
.0?
.'t2

.Jl¡

.og

0
oo

o

l\Ðõa
o
01939

19LO

T9L]'
19¡¡2
].tl¡3
t9tù
19ù5

I9l¡6
191?

.03

.1¡,

.or

.Ìh

.02

.ob .oa
o

.1I

.13

.10

.æ
,J0

.2)

.06
.?0
.10

.6 .lo .1ó .2I J8 .18 Jr ¡ .O?

2/ Brs€d upon r€û.nfall reco¡ded at lic0ook, Nebraska'
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Table 1O9.--SffecLiræ Preeipitation at Canb'ridge, Nebraska

è

Tear iano Feb. [,{ar" Apr. Ju¡e Jr¡ly Aug. Sept. 0ct. NoY. Dec. lot¿L

0

0

15
06

07
ol+
02
07
0b

.05
o0l
.01
.07
.oB

.12
,oL
.0Ì
.a2
.07

,01
.OLt

.06

.ol¡

.o5

.oI

.Ló

.03

0

0
0

.olt

.07

"0lr
,0L
.02

"3L
.05

.Oz e/ .01

.01 - .13
,01 .10
.01+ .O9
.0lr .19

.03

.06

.06

.L8

.03

.Olr

.Ol¡

.o2

.a6

.06

tto
ts

L928
r.929
L930

o"o3
.oó

.0I

o.20
,3h

.01

.18

0.12
,31

.J3

.18

0.20
.30

0.}t
,2l1

.Ih

.22

.16

.09
0

.28

.21

0.11r
.10

'07
.13
.10
.21¡
.L5

.l-lr

.l-6
,10
.03
.r7

.29

.26

.25
0

.18

.zlt

.22

0.19
.28

o.u
t.l2

.19

.20

.01
0

o
0

"o2

.01

.01

.r0

.Ol¡

.01

o 0 .5L
.o7

I
2

04
L5

a

a

e

a

0

.O'l

.J1

.20

.13

.0L

L9
05

.11
,19
.29
.!5
,15

.18
,lt
.19
.3L
.0?

.2b

.33

.11

.25

.L8

.09

.2!
"09.3)
.L5

.3!
,32
.22
.3h
.27

,25
.3lr

.16

.12

.22

.13

.JL

.31+

,16
.Jl
"23
.1s

.21

.18

.05

.30

.2L

.11

.08

.?9

.0?

.og

,08
.05
.Ló
.09
.03

.33

.26

.31

.3lr
,20

.02

.21¡

.olr

.L2

.t7

1931
L?32
L933
1931¡
L939

1936
L937
1938
r939
I9l¿0

191¡l
r9L2
19L3
rghlr
rel6

191¿6
L9b7

"o8
.0[r
.03
.r7
.05

.01¡

.08

.03

.r0

.0J

.07
.22
.02
.31¡
.10
.26

.05

.22
,22
.2?
.22

.û?

.01

.11
0
0

.07

.?2

.08

.01

.22

.10

1.5h
r.13
1.L6
1.28
1.20

.Û?

.0!
0
0
o

a

a

a

a .02

"01
.05

o
.Ol+

.1lr

.06

o,g6
I.L2
L.29
L.22
L.22

1.78
1,?3
1,!E
2.21
t..38

1.gB
t-.52

t O"oi¿ 0.5 o.B 1. 2 2 1"? 1"6 i O.8 O.8 CI.lr 1

gI Feb. - Aug. 1936 are ererage Frecipi^,ation records of lúcCook, Oosper, and Beaver Ci6¡.
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Table llO"-Àverage of effectiive precipitation of, 0anbridge and Mc0ook (ned mffor) y'
( reet)

Iear J"n-" Fe!Æ_
1g?g o"o2 o.Lz o.o1 0,16 o.2g a"25 0.16 0.0? 0.15 o,l5 o.l3 o,o1 t.52
lgro .o? .06 .01 ,33 .3r .29 ,3! .16 .15 ,33 ,19 .O3 2,2?

1931
L932
1,933
19ì1,
t*5
L936
1'937
r938
1939
19bo

191¡1
19!2
r9L3
191¿¿t

1eb5

o

0

.c2

.0?
.l l- .06

.11

.l7

.19

.rh

.L2

.12

.11

.03

. l"lr

.)2

.g

.L5

.15

.03

.02

.11

'Ol¡
.u2

.05

.02

.01

.0?

.og

.15
,0h
.01
.0J
.ol

.oL

.06

1.52
1.20
1.50
1.23
r,27

.11

.11

.26

.09

.08

.08

.05
.1,8
.il¡
,03

.31'

.26

.2b
,31¡
.19

.01

.18

.?6

.03

.11¡

.01

.06

.05

.02

.O?

.03

.O? a/

.01 -

.01
,0lr
.oh

"ol¡
.09
.O?
.L2
.02

.01

.oh

.06

.02
,05
.07

10
03
02
t_8
05

.13

.18

.2L

.11

.3L

,Ul
.01¡

.01¡
,03

.01

.ìl

.05

o
o

.20

.0ó
,3lr
.L2
.2b

.07

.23

.22

.11

.09

.oB

.lB
,16
.16
.26

.19
0ó

.JJ

.?]-

.15

.0?

.o5

.16

.11

.L'l

.3b

.il+

.23

.31

.10

.29

.l-9

.og

.3r

.09

.30

.16

0

,I9
"010

.0,

.05
r0?
,05
,O2

.3lr .21

t\¡I

r01
"L5
o1-L

.10
.23

,0lr
.11
.06
.I8
.03

,L5
.07

.3L

.1?

.32

.rg
,16

.11

.u

.2ó

.ll¡

.\t

.31

.23
@
5b

2
1

.L9

.09

0l-

07

o3
o5
01
13
02

.fo.07

0

0
0

0.91¡
l.lr1
1,33
r.u
1.28

1.83
r.72
L.L6
2.4?
1.1¿5

o

I

a

I

I

.er

.18

.08

'21¿
.22

.3L

.33

.22
,31
.28

.23

.3?

0

19[ó
1917

.o1 0

.ol¿ .0L
.)2
.19

.22

.r8

Avg. .Oh .05 .L?oga 22 .2l.) ,18 .16 .L5 .08 .o? .ú L.5O

2/ Febmary - July 1936 are precipitation reco¡'cls fron ùhe average of Ìlc0ook, 0osper, a¡rd Beaver City.
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Tablc lll¡-Consunrptlve Uae Requirements of lrrlgetlon lïafer
8ed ljl¡lJ'low Unít

feer Apr,

Feet ACI€

rlune JuIy AuB, Sept. Oet' Îotgl

L929
1930
1931
L9t2
L933
1931'
t9r9
L9t6
793?
1938
L939
1910
191¡1
wl$
19b3
1gLl¡
T9T$
19b6
L9L7

o
o
o

.oó
o

.2h

.og
r20
.20
.15
.18
.15

0
0
o

.L?

.O?

.22
0
0

,Xl¿

'0lr
.O9
.08
0
0

.17
o

.ol¡
0
0

0.ol
0
0

.01
,àlt
.}J
.06
.?5
.11
.27
.03
,21
0
0

.12
o

.06
,05
0

0.15
.19
.23
.L6
.20
.08
.il¡
.16
.il¡
.21
.27
.ll¿
0

.oJ

.01¿

.20
,10
.06
.o7

o
o

.08

.11

.15

.09

.f2
,ll¡
.01¡
.1ó
J5
.08
,J.L
.08
.1r
.lO
.12
o

.10

o.g0
.t3
.82

].. T1
1.09
L,56
1.Ol¡
1,50

I.JI
1.39
1,1¡1

.70

.ól¡
,93

. r3O
.gr
.81¿

.65

O¡3lr
.o5
.28
.21¡
.32
,lP
.l¿6
.3'l
.29
.2L
,)1
.33
.24
.Jl
.27
o

.38

.20

.09

0

1,0ó

¡o
29
23
l¡r
1t
l8
L7
38
rl¡
27
33
lL2

39
22
22
o
2r
30
39

a

a

a

a

a

a

a

a

t

a

a

a

a

?

0
0
0
o
0

,2,3
0

e/ fncludeg one-half of portlon of Nov.-MB¡. nequiremsnt not net by
tha effective preclplt'ation for that perlodo

2s)
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f¿ed !Vi11ow ttnlü

Transportabion losses in ühe dlstribullon systal include water
conswued by evaporation, transplration by the canal-bank segetat'ion
and seepage or persolation. The esül¡nated ptsreentage f'or the oanal
losses wa6 based upon these factors t,ogether with the length of the
canal. CenåI lossos were est,j¡naüed to be 25 percent oJ the diven-
sion requirenentÉt. Table 1L2 lists the diversion requirenents
dete!înined for the Retl Wlflsw Unit in acre-.t'eet pÊr asrð by muJ.tl-
p1y1ng t'he ratio of 10O over 100 minus 25 percent by the r'a:m
delivery requl.renent,. The divereion requirenente for the LrgóO
acres trde¡ the $lc0ook and Red llfillow Canals a¡e ligted 1n iable
1I3 and the diverelon requÍremente for the ?1030 acrès under the
Bartley Canal are llsted in table 1l-lr.

$vaporatlon fþon reeervolr

The evaporatf,on rats fron Red Willor Raservoir ras doterrnined
by uaing the ssne general procedtue aa was used for deterrining
the evaporation .rates fron Þders Reservoir.

Groes evaporation.--{he records of evaporatior¡ rates of North
nlattãfEuñffiãiffiused in deternlnlng the evaporatlon ratÊs
from Red lViflow Reeeryoir through t'ire pertod flom þrí1 through
September. The actual recorde î¡ere convertetl to evaporation rates
frôm a free water eurface, table Il5¡ bl¡ nultiplying the actual
readlngs by a coefflcient of 0.91¡. These converted recorde are
rnoved üo the Red l'lJ.ILow Reeervol¡ area by factors determlned flcnn
Adolph F, lleyerrs Cherts"V

I'lont'h
Ipfn
May
June
July
Åugust
Septenber

Factor-Ttõr
1,05
1.03
1.06
r.03
1.05

Records of erraporatlon are not collected during the w:lnter
because of fTeeaing weether¡ therefore the rates of evaporatlon
for ùhe vrlnter nonthe art baeÊd upon studi.es by Âdo1ph F. lr4eyer'{

Dvaporatlon rate 1n incheeMonth
õõ6Eer
Novecnber
Decernber
Jenuary
February
IIsf ch

[. ö5
2,?5
L,35
1,05
r.30
2.3t

The gross øvaporatlon aù Bed ìllfiLlow ReservoLr 1s conüained ln
table 11ó.

@poraüiort fro¡n Lskes ancl Resen¡olrsrrt pubtlshed
by tflnnesota Reeervr¡olrs Co¡ûnieslon, June 19112.

- ; zol¡ ,. ¡,
KS,002424



lab1e ll2r-llivcrrlor¡ Requirrnents-fied Wtllow Unit

têd
fear lf¡r. May JtGe ttuly Ar¡9. Segb. Oct. lotaI

r.y¿g
1930

o.00
.oo

.00

.rL

.00

.u5
,17

.oo

.00

.0O

.00

.00

.l¡l¡

.00

o.02
.00

o.65
.10

0.O0
.0O

.15
,21
,28
.17
.2,

.?7
,08
.30
,28
.15

.2I
.15
.?L
.19
.?3

.19

1.71
1.Ol

2.95
2,01
2.Lg
2.62
2.68

l.3i
L.22
L.??

.g?
1.?3

1.60
1.23

o o.76
.55

.tdr

.?8

.2r

.7?

.32

.72

.26

.Çl

.63

.8o

.?l¡

.l¿2

.l+2

.00

.ho

,57
.?l¡

.53
,l¡6
.61
.8o
.8?

r?O
.55
.l+0
.63
.6J

.38

.59

.5r

.oo

.72

.b8

.2L

.51

.0ó
.Lo

.00

.0O

.00

.23

.u

.l¡2
oo

.00

.00

.12

.o0

.08

,00
.0O

o.

L.56
2.11
2.O7
2.96
1.98

.@

28
)6

!!
30
38
15
27

30
27
l¡O

tr
2?

00
06
OB

38
r9

11
1l

a

a1931
t932
1933
1931¡
relS

193ó
L937
r93B
L939
191$

19Ll
t9b2
191+3

191¡L
l;gbg

.00

.26

.0û

.L',l

.15

aa

.00

.02

.b6

.25

.le

.00

.00

.2)

.oo

.lJ

.l0
,00

.3ð

.17

t\Ð

ç.
a

a

a

O

a

¡
I

l8
38
29
3l¡
28

a

I

r9Ló
1r!7

ÏOGAT

I

0.1 o.lo 0.16 o. o o.26 0.1
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lable ll3¡--Ðiversion requirements for lrr9fu Acres under Red l[illor Creeh Cana].,

1929
1930

I93r
L932
L933
1931¡
1939

19t6
L937
r938
1939
19bO

191¿1

19h2
r-91¡3
r9lilr
r9L5

1.1¡
1.8

o
o

0
0

0
1.1
0.6
2.1
0

0
o
1.6
o
o,h

0.1
0

0
0.1
2.3
1.e
o.6

2.lr
1.0
?.5
0.3
2.0

3.8
2.7

2.?
3.9
1.0
3.ó
1.6

3.6
r.3
?.5
3.1
lr.o

3.7
2.1
2.L
o
2.O

2.8
1.7

8.5
5,0

Unit - 000

3.2
0.5

2.6
2.3
3.0
h.o
¡.3

l.g
2.9
2.5
0
3.6

0
o

o
o.5
o
2.2
o.8

7
l¿

?
6
7

2

I
3
I
2

3.5
2,-7
2.O
3.1
3.1

?.2
1.5
1.9
0,7
1.3

1,5
1..3
2.O
2rS
Ì.3

0
0,3
0.lr
1.9
0.9

o
o

0.7
r.0
l..l¡
0.8
1.1

1,3
0.1¿
1.5
1.1¡
0.7

1.0
0'7
1.0
0..9
1.1

tl
0.9

7.
lo.
10.
ll+.
9.

il+.
9,

L2.
12¡
13.

L9 0
T

0
0
0

9
l¡
7
h

lìtI'r

2

l.
1.
1.
1.

o
o
o
o
o

2.
0

3
bI
I

a

t

a

a

0
o
1.1
0
0.5

6.6
6r0
9.7
2.8
8.5

7.9
ó.0

191¡6
Lql{l

o
0

o.5 1.9
0 0.

lota1

(
6aB

o- 0.8 z. I,J 0 9.2
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Table UL"--Diversiqr requrrenents for ?030 Acres under BartJ,ey Caraf'

3
I

o
0

o
0

Unit * lOO0 acr-e-feet

0
L.6
0.? J"

0.1 5. 0
0

o
1

I

o

o

a

ô

5
1
3
l¡
I

J.l¡
\5
J.6
0.1¡
2.8

rì¡
s

3.o
0
2.8

a929
1930

193L
f:912
1933
19lb
t935

r%6
t937
1938
r.939
19L0

19l¿1
L9b2
191¡3
L9l¡l+
L9l¡5

]:9b6
L9h7

o
0.8
0
3.2
1.2

2"7
2.7
2"O
2.1+
2"0

3,1
o

o
1,ó
o.g
3.0
0

0
1.8
0,6
1.2
1.1

o
0.1
3.2
1.t
0.8

3,7
3.2
l+.3
5.6
ó.1

u,g
3.9
2.8
[.]¡
l+.it

2"7
l¿.1
3.6
o
5.r

3.1Éc
'r(
5.r
2.2

2.0
215

J.1
2.L
2.7
1.1
1.9

2.L
1.9
2.8
J.ó
2.0

o
0.1+
0.6
2.7
1.J

1,1
Lr5
2.A
L'2
1.6

1.9
0.6
2.1
2.O
101

7?.
7.

11.o
1¿.8
1.L"6
21,0
LJ.6

20.1
il¿.2
77.5
18.L
19"0

9rh
8.6

l':2'.5
l¡o

12.2

rl.3
8,ó

\3.2

I
I
6
h
6

o
0
o
0
0

o
0
2.
0

0
0
l-.6
o

2

5"2
3"0

1"5
1"1
1"5
1..J
1.þ

o
1,3

0.ó 0.8

o
0

00 7 2"7 lr.0
5"20 1.2

o.8
Oc9

Ave,nape 1-? O.? 1"1 J,é 3"7 108 1"2
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Table 115.--freservoir E\raporaùion - North Plattc¡ !
flnches)

1i929
1930

5.ol+
h.o5

ù.jo
5.72
5.82
5.95
b.63

b.gg
l¡.?b
lr.t?
L.57
\.52

5.29
3.17

6.)9
7.21J
5.51r
9.O2

5.18 ó.19 8.b0
5.39 5.Bt 7.67

?.ó1
6.rg

?.)l+
ó.58
7.Jl
7.A3
6.o9

3.92
\.52

19f1
1932
1.933
rf3l¡
l:939

L9
89
zlt
z5
9lrh,03

7.51t
?.38
8.25
7.!l
ó.b8

3.7l,t
3.75
5.1¡0
e" 8g
3.72

7.7r
6.57
9.Ïl
g.g5
5.51t

9.65
8.0?

10.02
12.50
9'2L

9.5ó
ó.U+
7.1¡0
B.8l¡
g.J8

l_0.99
8.98
9.1$

10.t2
9.89

6,03
9.56
6,56
6.76
5.35

7.08 7.93
t.66 ó,ó1

8.0? 7.'1.7b 5.
5,57 6.
9.a6 5,
8.o5 lr.

B.85
8.5?
g.B7
8,55
7.?6

No
CD

193ó
].'937
J938
t939
191¡o

19bl
LgIQ
1913
r.9l¡l+
191¡5

5.óo
6.lg
5.u
ó.88
?.[1

ó.03
5.69
l¡.37
ó'38
5.0[

5.56
b.55

6,76
6.tg
L.gg
B.l¡ó
6.15

5.98
3.97
ó.15
5.3É
5.60

19l¡ó
191¡7

?.o1
7.?5

5.5a
5.83

1r.51 6.to 7.o2 q?g ?.61 5!70

! O.9l¡ x actual readilgs

KS002428



Table 116.-Þoss ñfapot.ation at Red Lri1low Rese¡rroi¡ 2/

Élfì ¡ a

35
35

35
35
35
35
)5

1.05
1.05
r.05
1. r)5
r.05

1.05
1.00
1.05
1.05
1.05

l\'o\o

L929
1930

L931
193?
1:933
193l¡
L935

191ó
t937
1938
L939
191¡0

191ù
19l¡2
19l¿3
f9U¡
¡-91¡5

191ó
L9|,it

1.05
1.05

5.3!
lJ.?9

B.90
8.13

10.23
9.55

10.ó2
r3.25
9.76

11.ó5
9.52

10.02
rt.¡7
10.L8

7.n
?.82
8,?lr
7.óo
ó.87

b,l¡1
T.

L.g5
lr'85

5.95
l¡.85
l¡.85
l+.85
1.85

[.85
l¡'85
l¡.85
l¡.85
l¡.85

l¡..85
L.85

5r.67
LB.8l¡

58.95
56'.r5
57.93
67.77
51.?l¡

6r.51
56.6O
56.1$
63.9t
óo.81

51.98
L8.lo
51"h9
50"8!
b7.l¡1

53.32
l¡8.?t

1.30
1.30

r.3o 2.
1,30 2.
I,JO 2.
1.30 2.
1.30 ?.

2
2 aa

5
5

75
75

ó.38
5.gB

¿ül

66
?'Bl+ l¡.tz
6.J8 b.75

2.
2.

1.35
1.35

217ç
2.75
2.75
2.75
2.75

2.75
2.75
2.7,
2,7s
?.75

2.75
2.75
2.75
2.75
2n75

L.35
L.35
1.f5
1,35
1.35

r"35
L.35

1.30
1.30
1.30
1.lo
1.J0

2.35
2"35
2.)5
2.35
2.35

?r39
2.35
2.J5
2.35
2.35

L.5ó
5.b3
ó,17
6,Jl
l¡.9]

3.96
.J.98
5,72
3.06
3.9|,+

5.6t
J.J6

6.71
7.60
5,82
9.1)7
b.23

5.81¡
11.78

?.9L
6.77
9.38

l-0.25
5,7t

8.82
6.63
7.6?
9.11
g.ó6

6.2\
5.73
6,76
6.96
5.5r

7.29
5.83

9.72
g.?g

10.1?
8.ð1
7.99

7.56
6.78
7.53
7.2b
6.27

7.lo
6.i0
5.?u
8.88
6.bó

L.3É
t.)5
t.35
L.35
u)5

L.g5
l+. B5

b.85
!.85
1.85

7.55
6.18
6.55
5.5r
5.19

r.35
r.35
1.J5
L.35
L,35

8B

5o
)7
22
78

B

7
5
9
B

31"

97
7L
33
29

a

o

a

a

a

a

5
5
l¡
L
Il

29
02
l!2
8l¡
79

ç.
6.
5.
7.
7.

1.05
1,05
1.05
1.05
1.05

05
05

1.J0
1.lo
1.J0
l.J0
1.30

1.30 2.
1,.1O 2.

6.lt
5.97
)t.59
6.70
5.zg

6'?8
h.t?
6.hó
5.63
5.88

a1
1

T5
75

2.
2.

30
12o1

35
35

7.22 5,
7.98 ó.

Â I''Þf^go
q.ee L.St 2.7t L.35 55.O71 -n( , ?rì 2. L. 7S ó.r77 .8ó.29 9.32 7

a/ Oct. throueh Mar, esti¡nated ilcrn J,.leyerts nurps. Othe¡' months based on correetlon factorg for recordg at
+ - llãrtn rrãttã, Nebr. (L.06 fcr Apr., l-.05 ior may¡ to03 for June, 1'06 for Julv, 1o03 for -[ugr and

l"o5 for Sept.)
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Red lïlllot'r Unit

Preclgttgtlon over retêlvoir arear--The recorde of prectptte-
tton rrñeTto retresent the preclpl-taLlon
over ùÌre R¡d lltiLlo'w Reotrvolr area.

l{et ¡e¡ervof¡ evaporaiion'--The net evoporatton f:rcm Eed Wrllc'f,
negerr-lrffiose evaporatlon, tabre 1lór reee ühe
precipttatioa ove¡ the reservoir area, tabls ó8r

the anount of rat'er that ia loaù by enaporatlon.f,rau ths reser-
vol¡ ¿rrfaae nE¡ be obtained frqn the Reaervol,r evapæ¡tion chart,
exhJblt 31. Thts chart shows the evaporatlon logs ln lr0OO åcre-
feet for varÍoua reservoúr capaeitiee between 0 a¡¡d I8r00O acre-feet
and for ?arloue evaporaèion ratæs between I and ló inchea'

s¿eg8gè

Fron geologie daùa taken aù t,he dan slte the scepage frot Red
V/'il1on ¡eservoir ças estfunated ùo rsnge from 0 ùo ô second-feet.
A,lthough loeses fron the reservoi¡ to the abut¡oent ßqy occur in scme

such rarlable fashlon, 1t, la bolieved that outflor fÌ€m ùhe abut¡nent
to the sùresr would renaln pfecticaLly const,ant throughout the year,
provtdtng that, tìre reservoi¡ fl11sd at least once during the year.

In ùhie study the seepaga hta6 held coastenù at approxinateþ
5 secorril-feet, whlch s¡ounts to approxlmately 3OO acrg-feet per
month.

lTeùer Uùtllaation

Ân opsratlon sùudy showlng the raüer dellvery on a rnonthlf
basie f,crr the lrr!,gat,lon of 11r99O åc¡ea hae been n¡de ùo drtc¡mina
the ¡dcqu¡sy of the sater aupply ¡vailable for dovelopnent of tlre
Red lftl]'or Unltr

Reaer¡ofr o¡oraùior¡s

The operatXone etu{y¡ table lIEr la basod upon condttlons
expectcd tà exist t¡ Red Ïtlllorv Reeerr¡oir after SO yeare of o'peratlon
Thã t$itte1 actlra inlgation atorage cepacity of 26rp0 a,ore-feËt
h¡a b€en reduoed by 8r!00 scrc-fset of aedl¡¡ent to the t8r000 acre-
feet rhlch rse usad ln thls sürd¡r. The anounù of water aeaunËd to
be avallable for derelopnent of inigation in ühs unit ías det'etîLnod
afber allorlng for all uatar uee that rdIL occr¡r beoause of future
dcwl,opnents aborr ühe îaeervoLr on Red l[il]-ow Creek and ebovo
Bartley Dlvereior¡ Dsn on the Rerptrbllcan Rlver¡

Table 118¡ ohons ühe conputatlons nade in the orperdlons aùudy
for ùhe Red llflllor Unit. The fo}losLng operetlon srlterla nare
used ln nakfng the operatlon siudy.

1, lfethod of rneeüing irrlgation dan¡nds

2Jt
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Table LU.-Net Evaporation at Bed Willow Reservolr e/

Gnct¡es)
Tear Jar¡ Feb. lJ[ar. Apr. ]iay J'¡¡ne July Aug. Sept. Oct, Nov. Iþc. Total

tg?g o.B7 o.rl+ 2.01 J,6B ?.0h L.96 6,ù 6.66 1.8g 3.h5 o,g5 1.21 31.10
19lO -O.O5 0.1'¡8 2.23 -O"Il¡ 0.91- 2.2r -O.t? b.1ó 2.O7 -1.81 O.1l+ O.g5 10.58

193r
L9)2
1933
19lb
L935

lig36
L937
1938
1919
19Lo

L9l¡]-
19ü2
191¡3
191¡L
L9u5

L9L6
191¡7

o.75
o.25
1.05
4.73
1.æ

-o.lt].
o.70
o.g7

-1.31
o.3g

0.90
o.70

4.6?
O.l¿6
1.11
0.21
1.00

o.gJ
1,1,0
1.15
a.77
o.87

o.g2
-o.05
I.20

.O.LB
1.09

1.2ó
o,7t

-]...52
1.gB
a.26
2.lg
1.80

2.17
0.0ó
o,ðh
o.86

-1.61r

o.32
Ì.J6

3.05
3.7?
3.19
l$,85
3.1¡ó

9.53
l¡.1¡8
3.16
8.20

-2.97

o.53
L.23

-o.u
5.1¿8
6.oo

l¡.83
3.0L
8.19
5.06
2.80

1l_

12.80
8.1i2

9-62
7,57
6.90
9.67
g.b5

6.13
?.00
6.81
o,15
l¡.10

5.Bo
6.67

l¡.06
b,1g
¡¿.85
lr.óg
l¡'l¿O

.r.73
3.lro
l¡.85
l¡.83
l+.5a

h.oó
L.l¿o
b.73
3.gL
b.óó

0.1¡9
2,'|'5
2.63
0.85
1.1¡-l

2.68
?.62
2.73
2.75
L8?

o,7g
1,u

-o.17
0.8ó
1.08

o.ó8
1.0¡r
1.20
o.l+7
o.L5

4.Bg
0.88
1,12
0.91
o.óL

1.30
ûr?5

I
6
I

8.LB
?.bl
6.7L
7.56
6.e0

32
9B
5l¡
5z
52

a 39.18
39.72
36.79
5r.51

6.95
.r.97
j.lrs
3.61
3.1r9

lJ,22
?.1¡6
5.gb

-?.'17
3.69

52
5¿
t1
56
3I

B1
28

o7
.gç

1\'

F
a

o
0
0
0
0

56
L5
80
[2
12

L.a?
l+.lrt
2.11
2.39
b.5o

7.
2.
6.
5,
7.

5.8L
5.9)
J,70
8,ó3
5.oo

2.1-l
2.L5
?.58
L.52
2.58

0. il+
1-.b8

31.L5

l+7.81
[0.50
37.39
b9.35
1,1.56

2l¡.63
2h.7b
h2.11
?0.1¡8
26.90

1.
0.
1.
0.
2.

68 o.o?
l¡2 0.l¡6
66 3,7?
27 -5.1óa5 1.?r

5'l¡h
1.15

.01 -O.ilr

.82 0.35

.26 3.79

.77 \.2L

.38 1.21

l¿

3
3
Ir
2

I
2

6.16 o.
5.13 -O.
6.a]. 6.
ó.10 5.1.?8 l¡.

b.oó
7.21

2.
l¡.

a

I

36
?5

!
1

35
6r

J.LL
3,61

22.28
28.31¡

ToüaJ-
Average o.l+5 Ð.6L 1.00 z.lß 3.1a J.U5 6.51 5,76 l¡.la j.6z 1.8? a.?z jl¡.la

g/ Gmss evaporati.on leas precipitatlon at t,lc0ook, Nebraska.

NegatÍve val'les indicate the anosrt tnat precipitation exceeded gross evaporation.
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8ed SlLLsn Unlt

8r Sectlonal caLns betwten Rod tltttow Dan a¡¡d nouth
of Red tEl1ø Èeek rere ouppl,oaented by retreaÊes
fron tbe reservotr to neet the tlrlgatlon ds¡q¡d
for ó0o aor€s served by the Uccoolc Canal and
!1160 €Ë.rea gerved by the Red lftllou CanåL Re-
tr¡¡s ^f,Lolr raetea¡ ar¡d sectloüal galno floo
rr¡)strsan ur¡l,ts that, are ¡veilable for dtvsreion
at ühe Bsrttrcy Dlv¡rslor¡ Dør¡ are atppl,enented by
relaslee l!æ Red IÍ1110u RôScrvolr to nset the
trrlgatlon ds¡a¡¡d for 7rO3O apres sqrvsd by ths
Eartley Cenal¡

2t Reqrrlreraenùe fæ oùÌ¡er than irrlgatlon dsrends

år $fhen the aectionaL gain bet*een tt¡e reservoþ and
the dlverslon daru la negatlrre, or when the depleted
flow of the Republtcs¡¡ Riv€r at BartLeg lllYersiol¡
Den la negative, reLeases frq¡ Red lltllcn Reservofr
rere mad¡ in onder to aaùlof! these aegative flovs
durl.ng the lrrlgaülon saagonr

b. EvaporatÍon losses were determiræd in aocordance
wlth the reservol¡ oont'ent, and the montlùy net
evaporatloa rate.

c¡ Seepage nas eeti¡nat€d to be 3OO acre-feet, par mottùh.

J. &eaervolr conùent

ëlr The reservoir irr3.gation pool beemes f,t¡I]' when
the capactty reaehea 18r0OO ecre-fest. fit¡V
lnftsr lnto the reservol¡ et this capactty wae
ellowed to splll.

b. RêlÉeses cen be ¡nede fron tlre ¡eservoÍ¡ ur¡ù1L it
beeqnes €ntptïr s¿rice there 1s no sPaoe allosaüed
to cø¡cerYatlon sùorage.

l+. Xntograülon of operatlon rlth otl¡er uútg

ao No releeeee ffo¡tr upetr€rr reaerryoirs rere n6ds
to help aaùiafy døa¡ds ln thls u¡rlt.

b. No relescee ÍÞo¡0 Red tilillor Reservolr we¡'e nsde
to help neet demande 1n dowtsþ64¡o unfts.

An explanaülon of tha different colunns 1n tbe opefÊt'lóí dt¡dyt
rble 116, l¡ offered a¡ folloura¡

1¡ Tears and moniha whlch tfte orperatlon etudy was nads.
(Jan. 1929 tlrrough Sèpt, 191¡7)

2T'/,
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8ad WlL1sr ttnlt

2. The depletcd tnflm, tcÞlG 922 La the hlctorls¡J. flor
at Red [l,Llor Dm sits le¡g the e¡tl¡¡etsd futt¡re
deplettone ¡bovu tha ¡esqrvolr. th.la rep'resenùs thr
rater srellablt for ttorlgr or rcgulatlon'

t. Ev¡pqrstlsr rate ln inchsa, t¡b1e I'Ur la tþ net rat¿
of evaporat'lon flcro t'he rcgarrot'r.

l¡. Rêrcri{rolr cvrpo,ratlon lo¡s l¡ ¡crc-fest 1s obtaiæd
by onterfng ttre rRogarvofr EYeporat'lcrn chartr exhtbtt
31¡ rlt'h ùñe avorage of ühs reeeüvolr cont',enü for the
noátt¡ concerned, er¡d rltlr the nontl¡Iy avaporatlon retc
ln lncheg.

5. Ssepage la eaülroeted to be 300 sono-f,eet pcr nonüh
a¡rd ls ellowed to paac dwnatrean wlthout aatiefl't-ng
arty demande ln thlc unLt.

6, Seeülonal galn ln hlstorLcel sùrear-floü ¡ecorde
beüFecn Red fllllow Reservol¡ end ühe nor¡t'h of Red
Wlllsw tleek le oontalned ln ?abla 93.

?. Irrlgatf.on daa¡rd tor l¡1960 ¿c¡¡Eg aerved by lle0ook
Cana.l ar¡d Red l¡[iL].ovr Canal is shofln tn Èabls I13.

8, Demand on the ressvolr is that porticn of the i¡rl-
gatlon denand, Col. 7¡ rrhich 1a noù satlafled by the
aecùlonaL galn betwoen the Reecrvo!.r and Rcd WILlør
Cneek Dlverslon Da¡.

9. lfact€s parslng Rod l{ltlor Creek DlvcrsLon Dat ia t'}¡at
pctlør of the seoùlonal gaLn betwaen tbe Réservolt
and the Dlvenalor Daa which 1¿ noù' dÍoerted to satlafy
lrrlgatlon ds¡ends.

10. Retura f,Lor flcm 2r6LO ÈGr€E¡ üable }0l,r aerted by ühs
Ilo0ook C¿r¡al and Rod Wlllow Canel. Of the br96O scrtg
seryed by thcee túo csnals, 2r6LO acr6s are above thc
Eartley Diveralon Dam.

11' Depl,eted {Lms of Republlcsn Rl.ver st Bertlc¡r Dlverelon
Dem¡ table I0l, are the combi¡od .flLows of Flenclman
Creek and Republlcan Rir¡er et Cutrberùson e3¿er rÐttaêo
deraelopuente plua the galn ln f,Iow between Culbcrtgon
end 8e¡tley Diverelon Do' Negativs flcms that occr¡r
dur'Í.ng the rlntar are carled over lnto the follwlng
¡¡onthe untll eetlsfled.

L2, Fl.c¡r at Bartley Dtverelon Da¡n availabLe fsr diveralon
ie the aur of Cola, p, IO, end 11.

l3c frrlgation dq¡¡cnd for 7r0JO earsÊ sarved by ùhe Bar'tlcy
G¡nal lc shorn ln ùable 1l,l¡r

üß
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Red l{l11or Unlt

I.l¡. Ðemand to be met by releasee froru Red tTiltow Reserroi¡
is the positive flgure obùeinad lry algebraicalty
subtrectir¡g GoI. 12 fbom CoI. 13.

15. llleste water pãsolng Eartley Diverslor¡ Dan is Col. 12
less CoI' L3.

16. Total de¡oand to be met by releases fron Red sllllow
Reeervoi¡ Ís the suû of Cola. I and ü.

L7. An iJ¡crèese in the contenü of the regervoi¡ at, the
end of the current, nonth over the contenù aü the end
of the preeedlng nonth is lndicaüed by a plus sign¡
a des¡ease 1g lndicated by a ninus signr and no ehange
in reeervotr contenü is represented by å z€lo¡ CoI.
U . Cols. (2+6+1,0+11+20) - Cols. (l¡+l+f+1f+15+19).

18. The content of the reeervoir et the end of ühe monüh
equsls the content at the end'of the prevloua nonth
oorrected by tlre change ln contenù es shostn by Co1. 1?.

19. Showe the arôount of water rrhlch must be spllled to
avoid shcn¡ing a content at the end of ar¡r month ln
exoess of t'he actlve irrigation storage capaei
whlch is 18r0OO acne-feet¡ Co1¡ L9 - CoIs. (2
- Cola. (l¡+5+7+13+15+17).

ty
+6+10rLL+2O)

20. Repreoenùs the demand on the reservoir whlch was not
nei due to en lnsufficienl supply. Col. 20 - 16 - 2 +
(l¡*5),

21. Ihe flov belør Bsrtley Diverslon Danr is that which is
in excoss of the lrrigatlon demands of lands which are
served by ùhe Barttey Canal. The flow includes seepage
and spil1s from lted Willqw Reservoir plus retun flLor
fron 21610 acres which are Locaùed upstrean Iloro
Bertley Diversl.on Dan. Col' 21 - $+l$+7rg.

22. thoriva t,he return .f,Low fron 2t35O acrea table L02 which
ls the renainder of, the br96O acree gerved by the Mc0ook
and Be¡tley Canalo. These 2r39O åcres are losated down-
stresn fÞo¡n the Bartley Diversion.

23, Retr¡¡n f,Lcr¡s ftüû 7¡0J0 acres lrrigated by tlrc Bartley
Canal åxe contsined in t'able 103.

2b. The sectlonal gain ln strearn flow beüween BertLey Dlversion
Da¡rr and Carnbridge Dlverslon ie shown in table 97r The fLow
of l',ladlclne Creek ls excluded'

The flow of the Republican Rlver at Canbridge Diverslon Dem

after upstrèÍÐ developnents and excluding ühe flow of
¡'fedlcinã Creek, is shotvn in table 136. Col. 25 . CoIs.

,2]r+22+21*21¡) unless thei¡ s¡¡n 1s negative, h
wi'rich caee it is carri.ed over into the follonfrtg
nonths as zero r¡nt'il a posil,ive enswer is obtainedç

2W
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lable 1I9 is a su¡lnar:r sheet of ühe Red 1l'111ow Rsservoir oPera-
tlons study by yearo, This table shows that the shorüage ùtrlng the
crltlcal Lt3O-f9LO period does not exceed t'he ¡naxL¡num pennlssible
ehortage as descríbed tn VoLn IVr Chapter 5,3 of the Reclanation
Manualn

Exhj.bit 32 Ls a graphlc chart whieh ehows the propoeed operå-
tton of Eed Tflllow Reeerrolr. There are three þdrographs shovm on
this chart. îhe hydrograph at, the top of the chart rnepresents the
esüimaùed depleted lnflow lnto the reser'voir durlng the perlod of,
study.

fhe second hydrograph ghons the irrigation requiremonte which
weæ supplled by natural f,Lovro, the requlrensnt, net by etorage re-
treasee f¡on the reser\¡ôir, tlre total drversion raqulrernenter qnd the
anount whlch wee shorted.

The thlrd l4¡drograph slrous t'he reserrolr content and the spiì-ls
durlng the peniod of stud¡r.

Releases for Public He¿lth Servlee

Red Wtllov.r Llnit

Fercent of aunmsr flow l[tn. deslrable flovr (cfs)

10
10
L0
þ
L.5
3
2

Studies nade by ùhe Publ1c lleafüh Servlce lndioate that during
the nonths of tluræ tltrough Septenber the nlni¡u¡¡ deslrable flow of
the Republican River at In¿iairola fs 10 eecond-feel. Y The de-
sírablã flo'r throughout tbe yeer as B Peroent of the iune through
Septørber mJ.nirnun flow ls sholrn bolow:

ldonth

¡14n.
Feb.
Ma¡"
Apr,
lda'

June
,Iu1y
Aug.
Sept,
0ct.
Nov'
Dec.

20
20
2'
bo
6î)

L00
100
100
100
\9p
20

2
2
215
l¡
6

the Publlc tlealth Servlce requirenentg were adequetely net by
the nor¡nal operation of the Red VfilLon Regervolr operation study.
îhe flow pasoing f¡rdlanola may be found þ subùracting col-tunn 20 from
the sur of coltür¡e 21 and lJ of tlre operatlon'etudy, teble ILB.

rrKansas River Baet¡r Water Polluülon InvestigatLonrt Publle
Hea1th Senrlce, June 191¡9r p. 121.

22C

L/

KS002440



¡! !t ¡t t: rå ¡' I I 'r 'E fi tÍ rl

F r I' lr l t i' :! I Ir i ¡! I l¡ lr

fi 
fit

$ 
Í$

ä 
Ë

#t
€ 

!i
f! 

tfç
ll 

tÞ
¡F

F
 lr

!¡
r 

Ë
F

af
 

rt
til

 
tt?

ll 
-lt

rt
 

It

tr
 

!l!
lF

 
rw

lt 
9t

sv
Y

F
:Y

¡:
 

t*
:?

 
ltt

È
 

ìtæ
r 

lt

Jr
 

rf
!¡

? 
F

tF
:Þ

 
pf

llr
 

ç:

4P
 ?

.7
?,

 
Ë

F
rv

F
 r

P
F

l¡ 
r¡

ar
 

!ir
9i

.ll
rF

 
??

!a
! 

l?
É

 
..r

nr
 

gl
.¡

. 
...

., 
-{

rF
 

ltr
fr

 
tF

rlt
 

ar
t:l

 
tt

18
 É

lll
! 

rf
ft9

 lF
F

¡ 
t4

tl 
tl¡

tl 
rlF

*l
 $

Ë
F

ã 
ll

.F
 g

rlr
t 

$F
lf!

 
fF

É
lF

 r
F

gc
 e

r*
¡ 

r¡
¡r

'S
 ¡

rç
tË

 ¡
t

tt 
¡lr

ll 
rll

rl 
S

F
rt

 l!
aa

 È
D

¡ù
 

9t
st

ò 
rc

-r
i 

*

<
¡ 

r¡
rr

¡Ë
F

rÉ
l r

F
lll

 n

,r
JÉ

ùå
 r

¡t
¿

þ 
!r

¡"
Ë

 ¡
l

lti
iË

 r
¡¡

¡:
 Ë

s¡
g:

É
F

¡ir
 e

r¡
¡r

...
.r

 
rr

..o
.. 

dr
É

.t.
¡!

..

r¡
¡r

¡ 
-¡

sf
 

rlr
r¡

 
er

.tG
r¡

r 
ß

 
r

llr
l*

 ¡
tl¡

l 
lf.

r¡
t 
ll

:t!
rÈ

 
tlt

tt 
tll

lt 
lf

rr
*r

 
ñ¡

H
a 

sl
ftF

 
It

i.Ê
i- 

aa
ae

.

çl
 .

rlÞ
F

 fr
c$

 9
!l*

 
9l

l¡ 
i!¡

tl 
rt

hl
 ¡

til
g 

ll

il d

t¡ t!

rr ;€ Ir l¡ l¡ lr r r ir

Þ È

f I

x a o o N
) À À



IrirÞ

I

t
'.t

{

I

w¡tÞ{rÞ
ËYhH-

*È år

I
45å
,û

I
t ;l,J

ç-

r lfJ.li¡- ---:rt

K5002442



flad lt{l.ll.ow UnIt

Reôuirrmsntu for fl¡h and rvlldltfc

IrIo w¡ter rðlßaset f?on the rese¡tol¡rg for rfeqUiranenta of fleb
hsve been rnede tn thio etu$.. fn ühe past the Republice¡ lt¿rter hst
drled up e.u¡'!.ng extrenel¡r dr¡r eeasons. seepage. fr@ the da¡¡¡ and
reùu¡n iLcçs fron trrigated tånds are e:çecüed üo e8ù8bL18b ¿ llve
strgam et ell tinss. It te anùicl.pated tbat ths mlni,eun fl.ow ¡e-
guir.enents for public health n111 be sufflcient for f!.sh hebltet
requirements.

Tlster pa¡g1¡rg tlre unlt afüer developnenü

The estl¡¿ted flow of the [epubtlcan Rivêr paaaLng the Hsd
YÍIl,lsr Unit ls l,þe Repub}:lcan Rlver flow et Canbridge Dlvereion Dan
¿nd lg shonn utder colt¡¡¡n 25 ín the operatione otu$ and also ln
teble 136. ThLs flow consltts of sptlls end aeepage fron Red WlLlorr
Raservolr, section¿l gafn in ftorr bsÈrveen nÊd WllLow ReEerVolr and
nouüh of Bed S¡1l.Iovr Creek t'hat waa not diverAed by eiùher ùhe Red
W1l1ow or th€ Eartley Dlverslon Dan¡ retutn flow fro¡¡ 2r6LO ecsea
that raa not diverteble by Barùley Dlverston Dan¡ return flor fron
91380 ac¡trs below Bartley Dlversion Dun, depletÆd ftor of ffepublLcan
Rir¡ar at Bertley Dlverelon Ðe¡a that .was not dÍvertedr snd the eec-
ttoneL galn betr{een BarùIey D!.version IÞn end Canbrldge_ûlverslon De¡n.

Flowa fron Medicine Creek uers not ineludsd in table 136 as they are
treeted sepåraüel}t ln the operatlon of ¡lediei¡e Creek Reservoir.

SlmeIf

the waùer Bupply studles as presented l¡ereLn índicate ùhst ühe
supply of waüer available ls eufflclent to serue the llr990 scnea
ln the unit¡ wlth the e*eeptlon of a ferr¡ 6n8"11 shortages whlch oc-
curred. durirrg the crltlael 1930-L9b0 period. The ¡oa¡dnun shortage
occurred tn ihe ye;rr l!Jl¡. this ehorüage ãmouRted to 13.ó percent
of the eonsurnptive use requirenents.

22'
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Ooncral PIan of Developnent

fhe Ce¡nbt'ldge Ur¡lt ls cotnprAeed of 171230 acnes of lrrl'gable
land In the lepubllce¡r RXver TalJ.ey beürveen Ca¡nb¡{dge and ALna¡
Nebraskar the-rvetær supply for üha l¡ntt undtt thle plan tould ba ob-
tatned from etored rater ln llsdlcine Crèek &e¡elotr and fmn wster
tJrat woul,d be evsLtsble for dlversion frsn the RepubLlcan Rlver ct
Can¡b¡'Idge lÉverslon Darn about 2 nllee eaet of Canblddger llebra¡ka.

Constn¡ction on lÍedlcLne C¡aek Dam wae startod March f, 19¿18,

and oolçletod lþCernber 91 191f9. Clogure was nade at tJ¡a ds6 ånd ühe
etorage of water wåg co¡tnenced on Auguat 8r 19b9.

Cor¡sbructlon on Canbrlflge Dlversion Dan ras gtart€d l{ovenber }?,
L9l¡?r and conpleted ln Decenber 191¡8. Tfork on the Oa¡¡¡b¡'ldgc Canal
syetêB was corñrenced tlr¡ne 1.2, 19b8. The section bet$een tzhe dlver-
aion dan and A.rapahoe which i¡ about 12 nlles long hae been coltpletad
and sn I mlle gcotion between Arapalroe errd Edtson is now under
constructi.on.

CHAFEN V

CJ\l'{BRIÐGE tNIl

Reser"voif capqoitleo

A total $torage oapaclty ot 92,3AO acre-feet t¡ Medtcine Cmok
Rese¡¡¡olr is allooated ae lndlestod ln tablo 12O.

The r¡ater supply study presenüed ln thls leporù h¡s b€an rryorked
out on the beals L-tra,t the¡e ui1l be, l5r@0 ãcre-feeü of sedinentation
tn the ftrat l0 years of operatlon. this estlmate of 15r0O0 e€rê-
feet wae based on nery ltg¡itad deta. Rccent sùudteo usln$ aubaequent
records of scdl¡ent on tÍedici¡e Creek lndioate thet sedlnentst¿on nsJ¡
be appro:d.nate\y 116rOo0 acre-feet in the first J0;¡rear period.

T¡ble l20.-Storaße al.locaùton in iledlclne Creek Resetrol.r

E1¡r
(f¡. )

Intùtal
condftlon

5O-ïear
Çôûdlüiooo

15rffi0 sc-ft

fOO-Isat
condltlons

,01000 Êo-ft

aa a

f,ead cborsgo
Canal outJ.et
Acùlvc lrr{8,

etorage
frrtg' tforegþ

pool top
Flood control

storaga
Top flood

oontrol pool

2335,0 6rooo

236ó.L lrorooo

2t86,2 92r3OO

6rooo

52r3æ

92

2t|AOO

2b'2Ø

521300

10r000

LOr00o

92r)AA

800
0800

o

ll¿ræO

óa,3oofotal.oeoaafürr

ø+

71,3OO

77,N
62Åw

KS,002444



Canbridge Unlt

rf the ¡asùIte of studles ln tJ¡e l\rture substantlaùe the con-
clusÍon that the o¡{.ginel capactüy fon sedinenü atorqg3 rryas under-
esùiraated, p¡rÊsènt pÍans for i¡c¡easÍng the storage cspacity-svall-
able for iri'i.gatton may holte to be earrled out. thla na¡r call for
allocattng tùrá prgoent water surcharge sùorage gllecê to fLood control
atorage an¿ redegfgning the prasent spillw¡y section to paea the
maxl¡r¡¡ dselgn flood¡

Àt l¡l¡e presenü tLne¡ e propoeed plan le being l¡ltleted to ds-
velop a waterahed t¡aatnent pLan on tÌ¡e l[adicinE Creek waüerehed
wtuic'h nould aeFuè to raduce tlre souroes of sedinenÙ and dpbras i¡flor
to tl¡e resEn¡olr. ttris would be a cooperatJve pfogtstl between the
So{1 Conserva?lon Senriae and the Bureeu of Reolsbation. Prevloue
sut'vey errpertenoe of the 8oi1 Conservation Senrice in an adJaeent,
watersheú l¡dLcatee that such 4 progre¡n would be very beneficlal.

If the plans for redeeigr¡lng the spilluay eection ea¡¡not be

confi,nned, !t may become neeeÊEstl¡ to ¡elease lgígaùlon water fron
other reeeruoirs to satlefy trrlgaùion denends under the Cambrld¿e
Unlt,

Flna[yr referense is made to ühe operaülng agneenent beüüeen
f.hs Bureaü of Reqlamatlon and the Corps of Errginsers wher€iri thg
l,oee of reservolr capaclü¡r¡ exeeeding l0 percent of the present aI-
Loeatlon for eithar trrlgatlon or flood oonùrol is to be redlsËrlbuùed
accordingl¡t,

Tt¡e method of dletrlbut'f¡¡g sedfunent l¡ tJto reeervotr was de-
ecribed under t'he Frenchnan tlnlt. Operation süudl'eg wer.e based on
condl*isns assuned to e:det í¡ t'he reservotr aü the end of 9þ trrear€r

Areas aerrred

0amb¡tdge Dl"veraign Dæ, near Canbrictger Nebraakar rri-Il be used
to èiverü water from ùt¡e Hepublisan River ts L7t23A åcreB ineluding
about ],,655 acrËs preeenül¡¡ lr¡{,gated by pur¡pe ln ühe 0anbr{.dge lJniü,
The¡re arc 665 scres of lmtgable lands Ln the Canbridge Ünlt whfch
have ,been exoluded from the Frenchnan-Cs¡nbrtdge l¡sigatlon Dl.sùrict
and are also exeluded fron the area furr¡lshed waüer ln this sùudy be-
cause they arre ôr Çaa be lrrúgaùed from exisüing wells, Aü the tf¡¡e
the Frenchner¡-Csnbrtdge lrrtgatlon District $as forzned the owners of
theee lande petitionêd to be exclutied from the Ðistr{ct.

Detalled land clasglficatlon survsys ehow there ar€ 1,51630 aercB
to be serued by the Oanbridge Canal, whlch is now r:nder oonetrnrotlon¡
on the north side of the Republican Rlver betrveen 0anbridge ûiverslon
Da¡r and Alma, lfebraska, This canal will. be approrlrnately b? ¡nilea
long and wll1 hate an'l¡¡itlal cqpaciüy of 321 second-feeL lba Holb¡oçL
Csnstlrtt{ mfl,eg. longrand rfth sn {nlüta} oapacity of g6 secor¡d-f,estr rlll
bc, ooisütu'bted to aewe $00 acrÊBr. Thi.s acrrale uas detðrnlr¡ed !y 1ånd
clasalflaation surve¡rs whlch were e,ouplete except for detalled

ry
KS002445



Ca¡nbridge UnLt

topography. ?he Holbrook canal ie loceted on the souüh slde of Ûrd
Ilepubì.loan E1ver betüeen Canbrldge DlversLon Dam and lIolbmok,
Nebraska. The areas to be serçed under the Csnbridge Unlü are ahonn
ln exÌ¡lblt 2.

Tabfe 121.-Área¡ sen¡ed under ühe Ca¡nbridge Unlü.

CãnsI I,¡eoently iglgated
(acres)

New lands
(acres)

Total
(aqree)

Canbr{.dge

Holbrook

IbtåL

1' 3h8

30?

L,655

ùrzaz

L,2g)

L5,575

L5,630

1réoo

l7 r23o

Water Resources

l,ledlcine Creek riaes in a sand-hll]. area ln the ssuth central
part of LLnooÌn Count'y, Nebraska, and fl.oçs Èouthaasfurard about'
?O miles to lts confluence vtlth the flepubJican Rlver ne¿r the ùown
of Cambrldge, Nebraoka. The contribuülng drainage areas ebove the
rrear Canbridga gaglng station and. above Medicine Greek Dan are
ó8? squarc nùles and ó5ó Equere mlles¡ rospeotivel¡r. Ttrie does noü
lnelude appro:ónratefy 15O sgrrarte nilee of sånßt-hiJ-l area dralnage
which does noü contribute ùo flood ntnoff¡ hoìrerrerr the send-hilL
drainage conù¡{.butes nuoh to a suEtalned baee flsw of, fro¡¡ 15 üo
50 eseond-feet throughouü t'l¡e year !.n MEdlcfne Cbsek. Sunner flowa
ana chqracterized þ occaolonal. large fLows dt¡e to sutûner süolTns.
l4eltlng enow conürlbuteg litüLe to sutfece rtrnoff.

Ávailable rtrepn-f 1ow rgcord¡

Strea¡ri-flow reoords of Medtctne Creok near Canbrddge and ühe
Republlcan R:iven near Cambridge hava been ueed ln dete¡minlng th€
water supply uttlch w1If be available to aelse the Canbriclgo Unlt.
The periode of hlsùsrtrcal rscorrl are indtcated tn üable L, and ex-
hiblt, J. The locatlone of the süatlçng used 1n the study are shown
on ext¡lbit h.

Recorde of the floç of l¡ledicine Creek neer Cênbrldge prlor to
Jctober f9l+0 arc based upon staff-gage readingo and they aie ong
conside:red to be falr recorde. [r].ow reeorde slnce October 191¡0 are
baeed upon water etage recorder6 and bhey g¡e consldeæd to bo good
reçords except for perlode of lce sflbcü wnen all records ere
consideæd 1,ö be poor.

,8
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Ganbr{.dge Unlt

the records of tha flsw of t$e Þpubllca¡¡ Riræ¡ near Ca¡abrídge
a¡e ¿11 besed upon st¿ff-g¿g6 readings. îbey wene ¡ead üf:ice drlly
a¡¡d are considered to be feir recorrds excepü for pe:riods of lcs
effecù ilhen t!¡ey a¡e csnof.d¿red poorr

Strea¡n flo¡r comelatlons a¡¡d estLt¡ates

Iilstorioal reesrds of, streaÐ flsn on lbdtciae Creek a¡rd or¡ t]re
Republlcan EÍvar near Qanbrldge ane not avall¡bls lor the entir€
perdod of tt¡e w¿üer supply studr, 1929-b1r therefore, the use of
Correlatfoqs ìclth availabLe resords at other stâtlons $es aacessar¡¡
l¡r order to conplete the records fo¡ use i¡r the oporatl,on studiea.

$onCur¡ent historlqal reeords of Mediclne Çreek near Cambr"idge
ïrerìB corselated wiüh records of Frsnclua¡¡ Creek flLc¡vr at the mouttl
near Cr¡lbertÉon, adjusted to rtrgln flow, tabla L22, and by use of a
cuf,e, e:Ûribii J3. The nlesing perlod nas conpletod as ehovm ln
table 123. The virgln flon rr¡as conputed by addtng consueapüive use of
irrlgetlon waüsr by lands fu:rigeted htstoricaly under Culbertson
Canal. Portions of ühe per{.od tn üiris table were a}so conpleted hB¡

use of records of Rsd tüf1low Cresk near Red ltÍLllowr table 87¡ and a
correlatio¡ cg¡l ê¡ eXtrlbit 29r ahowtng yalues of conourrent records
of Medlelne 0resk Ênd lted ?fl1low treek near Red TÍ111or'

No records of hl¡toricaL ¡:unoff of ìþdicine Creek at Medicine
Creek Dån rere available for ühis eüu{y. Éetl¡nsües of, this hlsöot'i'cs.|
nuroff, at trfediclne C¡¡eak Dan¡ üable l,2br we¡e computed by nultipl¡¡ing
the aatlnated f,lor of, Meèictne 0reek near Ca¡¡b¡"ldge, teble LZ)t W
the ratlo of tJre respective dralnage area of the tlo poS.nter fl¡e
drainaga area ¡t ths dån slte 1s 6$6 equare niles and the dralnage
ares at Ombr{dge is 6BT oguåre niles, the drsi¡lsge area sbove ùhô
dam ie thus 95.5 percent of the Cambrtdge dralnap årê8r lhe niaslng
perlod of flory ¡'records of the Republlcøt Rlver neât Ce¡nbrldget
Nebraske, nerre estùnatod by corretating wltt¡ adJusted records neaf
HlooningÉon, Nebraaka. tlistorical n¡¡¡-off rscords colLectad nsar
BlsomingÈon¡ table 128, weæ adJueted b¡r eubüractlng table 12f, tåe
gr¡n of t!æ f}ørns of Seppa Oæek near Stanfordr Nebreakar arrd Preirle
Ilcg Creek near Woodruff,¡ Kangasr Thls ådJustoEnt waa nàosaasry to
ell¡nlnete ary f,lood flsws ùhat ooourred ln the drainagÞ area above
Sta¡nford and tllood¡nrff. The adJusùed flows near Bloonirgton ehotrr j.n
table 126¡ were then used in esüabltahing tlte sorrclatLon oun¡e
presented in exhlbit 3l¡. FLows for the nissing perlod of tecorü of
the Republioan t¿iver near Canbrldge¡ Nebraska, tabS-e 125r rère es-
timated by enterlng thia cu¡ms with ùhe adJueted racords near
BLoomi.ngton¡ Nebraaka, table l2B.

Ground water

The lnfonnaùion on ground vlater ae presentad in t't¡1s cliscuss¡.on
r¡¿as obtained fror¡ Parts I and II of lliater Suppty Paper Ir whlch Ls a

uî
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lable l??-'-Ílrgln Flot of Frencbn$ Creek at Culbertaon, Nebraska (at Uouth) y'
1000 acre-feet

fear Oct. Næ. Dec. rlg¡¡. F'eb' Mar. Apr. lJay Jt¡¡re Jufy årrg. Spt. Tota-t

ty¿9
r930

193r
L9)2
1933
193¡¡
Le35

193ó
L93?
tt3ô
L?39
19bo

L9l¡1
r9¡2
191¡3
191ù
19L5

0
6

9.1

7.
l¡.

5.2
319
g.L
b.2

5.2
2.7
?.9
).9
3.3

6.6
8.?
9.9
L.?
ó.3

9.5
L2.5

lL.0

10.J
8.6
ó,1-
5.6
b.o

7.8
5''9
5.1¡
l¡.lr
2.5

6.8
9.0
9.6
7.5
?.8

9.3
ll.2

9.9
lO.l¡

9.5
9.2
ô.2

1?.O
10.1

9.7
9.3
9.L
8r?
6.8

¡2.8
9.5

10.l¡
9,8
9.1¡

8,1
fo.2

I,B
g.ç

Ll,J
11.?
lo,8

10.1
7.1
9.8
9.8
6.9

LT.1
9,1
9,8
9.O
9.1¡

9.8
9.9

8.6
9.8

1¡.L
r0.7
9.2

10.3
9.o
9.1
8,1

10.3

lo.5
10.1
9.6

10ró
Ll¡

2

12.1
10.0

9.0
12.7
L2.2
lo.g
1l-,1

11.?
9.?
9.1
9.9

rl.ó
10.3
1.2.6
10.7
IT,8
9.lr

10.3
10.7

IL¡2
9.8

9.6
9.3
9,.2
7.6
?.8

9.1+
7.5
ô.9
9.9
9r)

I[.I
12.6
9.1

1¡.1¡
9.2

g.t
10.o

10.8
9.8

6.6
5.5
7rZ
l¡.6

29.B

9.8
l¡.6
g.g
5.2
9.1

9.o
ill.o
5.5

L2.3
6.o

ó.1¡
8.0

5.5
5.3
lr.1
5.0
9.6

9.9
6.7
l¡.5
9.¿
6.8

l0,l
10.1

3.8
8.6

8r9
7.l-
9,?
l¡.l¿
l¡.8

3.9
l¡,2
l¡,lr
l¡,2
5.1

l¡.3
5.3
3.6
512
5.0

ll.1
5.8

&.6
J.7

L2.7
5.?
6,2

lo0.?
I02.?

92.8
9l¿r8
99.I
97.L

13O'5

9l¡.t
?9.8
92,1¡
79.3
96.2

l0l¡.8
12Or2

96.1r
107.?

97,,1

99.O
113.6

9.
9.B.g

9,3
10.?

3
¡¡

aI
7

2
1

3,
6.

I
7

3
0
ô
7

5.3
7.7

).3
g.g
l¡.1

10.5
22.9

l¡.
?r
3r
l¡'

i.9
5.J
ô,1
9.j
5.8

9.5
10.2
11.6
6.6

?l¡.ó

tso

10.1¡
12.6
9.6

10.0
L2.5

7.1
lJ..1¡

J.8

3rl¡
l0.o
3.9
!.2
5r9

19tó
19L7 ?

I
9

7,,6
l¡.1

Àvg. 6.2 7.b g.6 g.6 g.T 10.8 9.6 8.9 10.? 6.6 5.1¡ 5,5 loo.c

2/ Gaputed S addlng coasrnpùiva ¡¡se of irrigrtion rater W fånds lglgated hisùorioal-Iy ¡¡nder Culbertson
CanaL
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EXHIB¡T 35
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lable l?3.-Historlcal Rr¡nof,f of jGdicine &rek near Canbridge at llouth" ¡,/ Dbcharge t¡ l.rOOO ac¡le-feetr

Year Oet. l{ov. Dec. Jan. Feb" l[ãf,. Apr. l[ay June Jr¡]y AuEr Sett. Total

L9?9
r930

t931
L932
1933
re3b
L935

1936
L937
1938
1939
191¡o

19ù1
1gLz
19¡3
ulù
191¿5

lelÉ
19[7

2.6
3.s

L.7
3.1¡

2.8
h.6

lr. o
3.1¡
2.1¡
étI
L.6

2r8
l¿.3

¿{"?
3.6
3.2
lþ?
3.9

2.?
3.5

9ro
5,0

l¡e
lO.0

2.1
6.0
2.7
7&

16.0

L.L
6'lr

38.8

'9.,6
b5'.3
lg,ó
53.1
5r,o
76.9

19.3
lû,2
b6.ó
Lo,5
6608

92.5
82.6
hù,r
82.1
ffirg

b5.3
ULI¡

9.5
ll.6

l¡o
l¡.O

T
6.3
6.2
5.1
5.2

I
I

2.'l
8.2

L.9
3.5
2.?
3.3
6rS

3.
It

\"7
3'6
b.8
3.0

21.O

2.6
l¡.5
8.o
3,5
919

5.7
6.b

LE,
3.9
3.8
3.9
l¡.0

L.f
2.9
2.9
2.b
3.8

3.I
2.9
3'O
2.1¡
2.lt

3.lr
2.s
2,5
119
L9l\)\tlo

5.0
3.1¡
2.6
5,6
2.7

3.2
23.O

3.8
2.6
3.0
2',2
2.6

l+l
3.2
l¡.r
2,1¡
3,2

5.0
3.8
l+'!
l¡.6
l¡.3

3.9
2.1+
2.0
2.6
2.9

7.2
J.6
3.ü
3.2
3.8

3.6
3.3

lr.0
11 .B
J.6
6.0
3.7

l¡,o
lþ3

lr.

6olr
3.0
3.9
l¡.9
l¡.5

h.5
21.0
3.7

L5.2j,3

2.8
3.7

6.6
2.8
1.3
3.0
3.2

13.6
6.'l
3.3
8.3
?.1¡

l+,I
?,6

19.8

1ó.?
LL2
5,9
7.1¡

21.5

12.8
e.8
3.9

Ì8.2
3.1¡

l¡.0
9.2

L8
l¡.7
6.a
2.9
3.2

3.7
3.7
2.6
9.8
3,8

1..8
3.1

1.0
2.1¡
8.?
J.8
lr,L

3.2
3.0

2.5
?r8
2.6
L.7
6.2

U"1
?.ð
3.2
2.1
6.2

5.6
5.0
b,8
lþ3
l¡.b

lr' I
3.9
l¡.h
l¡.3
3.6

6.i
3.2
3.9
b.z
b.5

2.6
515
2.7
z.g
,.6

2.9
3.1¡
).5
3.2
3.1¡

3.L
3.9

2.8
lr.2
3.o
?.1
2.7

2.6
3.5

3I 7.9
3.5

ô

a

l
3

5.8
6?.1

Av.
L929-lû l¡rr 3.1 3.L 3.? 3.8 b. ? 6.9 6.h !€.1 5.9 3.9 l&2 61.3
g Periods Oct' 193L tbrough Sept, 193ó based on cctmelâtion of Uêdici¡e Creek at noutlt wltb Sbenchan Feelc- (vi-rgln floTr) ab nor¡th. (b Wov' - tferr basts and Apr. - Oct, basls.)

Oct. 1920 through Septf 1931¡ 0ct" 1936 though $epto 1glÉ; a¡rd Oct. 19lrL ürror¡gb SeFt. 191¡7 are records.
Oct. l9l¡3 throrrgh Sót 191¡ù baaed on comelation of lledici¡e Cre'ek rrith Red 1{111m Greek neer Réd Ïfll,ltrr
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lable ljl¡.--Êsti¡reted Eistorical Rr¡noff, of trþdiclne Èeek at lÞdicl¡re Creek Daru Slte g/
(!¡hi.t - f@_ acre-feet)

19ú
r930

1.1
,?
l¡.8
3.?
2r5
f-¡
2.6

1.2
2.L
2.lr
f.8
L8

2.7
l¡.O
2.9
2.O
2.6

3.I
22.O

2.7
l¡.¡¿

3.0
3.2
2.3
e.1
1.5

3.O
2.8
2.9
2.3
2.3

2.8
3.?
3.3
3.r
3.2

3.0
).7

2.?
l¡.1

?.9
3.6

b.8
3.6
b.Z
l¡.b
l¿.1

j.7
2.3
2.?
2.5
2.8

6.9
3.1¿
3.2
3.1
3.ó

2.6
3.3

6.2
3,1
3.7
l¡.0
l¡.3

3.2
3.6

l¿.8
l¡"8

ll"5
6.0
5.9
l¡.9
5.0

6.1
2.9

l¡.J
20.0

5.3
l¡.lr

lr.5
3.I
l¡.6
g.g

20.1

bâ
9.6

2.O
5.7
2.6
6.9

15.3

J.9
9A

t8.g

L5.9
10.?
5',6
?.1

20.9

5.5
6l¡.1

e.6
?.8

2.5
ù,3
7.6
3.3
9.5

4.2
2.'l
).7

t?.1¡
3.2

lf;a
56.6

3.8
J,8

LÐ
6.I

1.?
l,,5
5.9

3.0
L?

2.1¡
2c7
2.5
IJ
5.9

l9t1
v32
le33

$å
1s36
:93?
19-?t
199
t¡lo
t¡l¿
l9l¡2
t9l¡3
:9IJ¡
tslS

[.5
3.1¡
3.1
b.5
3.7

3,6
2.5
2.9
2.1
2.5

l¡.5

3

3.1
I
3
1

3.
éç

3.

3J.

lr3.
l¿?.

ù.e ll¿
l¡.8
l¿.6
l¡.1
l*.Z

3.8
lL.3
3,h
5.7
J.5

3.8lr'l
7.5
3.3

3'8
8.8

1.?
3.O

3'1
2ß

LO
3.3
2.6
3.2
ó.4

2.8
3.1

2.8
5.3

1.0
2.J
8.3
3.6
3.9

Wrs
?.t¡
3.1
2.0
ts

?3.1

l¡7.o
l¡O.5
lù.6
39.7
ó3.8

89.3
?8'8
l¡2'O
?8.5
ó3,8

Lt
50,8
b8.8

3
5

3,?
b.a
l¡.1,
3.1¡

3
2
2
2
3

215
5.3
2.6

5.1¡
6ol

: Fflrút
F

6.3
2.7
?.0
a9
3.1

3.7
b.7
l¡.3

l¡, lr
3.'l
3-6
3.7
3.8

.9

.8

.8

.J

.6

0
¡¡
2
II

13.
6.
3'
?.
T.

3.
il¡.
3.

ët

3r

5
5
2

7
5

t.9
).5
2.5
g.h
3.6

:91ó
19!7

2.5 3 l¡
2

l¡3 Ia

a t2*

îõæ,
åverage 3.9 2.9 3.3 3.6 1.6 h.5 5.8 6.1 1t¡5 5.6 3.T l¿.0 58.5

EfFs-E--To Es t5.5tr-of-Uib -Tlclr ãt tFe-¡nõuttr. Diainage å¡lea ratL" 
ffil
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îrbfê l.zjFttistætcal' Rr¡noff of Repribltcao BLvcr at Canbrtdge¡ lfebraska (Cmbridgr DÍverston Dao) y'

- 100 ecre-feeù

19¿9
1930

1931
r932

L9.9
I[.O

59,8
?.6
5.1

L'l,5
lþ8

tù.8
?rlr
6.L
6.L
o.8

3

18.O
102.I

?l.O
22.2

l¡2'I
lo.1
8.2

17r5
lo.r
20.6
IL.5
LL.?
9.2
l¡' 2

LL.I
2\.2
2'î,O
Iro

lórL

l"B.?
l¡¡.0

19.5
23.L

15.1¡
28.6

1?.0
lg.6

28,'
12.8
23.5
27.u
2l!.2

19.5
8.9

zrJ"3
16.8

7.9

2l¡2
20.0
l8,o
16.1
25.b

2l¡"8
22.7

ll¡. ?
3l¡.b
19.0
23.6
20,8

13.1r
27.5
22.2
il¡.1
Il¡.1

æ.2
30.0
)L.2
28.5
e8.1

27.4
26.5

l¡5.1
27.6

37.5
36.0
20,5
28.6
27.O

36.0
8.9
29.2
32.7
36.8

3r

25

?,L.5
39.1

39.1
bl.0

l¡0.6
26.0
l¡?.0
22.5
21.L

23.7
¡9.0
3I.5
32.1r
?2.7

31.5
5?.2
28.1.
?6.0
32.2

18.1¡
36.'5

lr2.o
61.0

33.8
19.8
9.9
7.2

222.b

8l¡'6
lg.ó
5I.l¡
27.2
16.7

üó.3
l¡8.8
L9.2
58.9
30.0

77.6
?60

6l¡.5
5?.0

l¡6'.I
2Ll¡

8.0
tl¡'?
?¿
¡¡.b

Þ.0

3.1
27oO
l¡3.6
25ú
L5.5

80.0
13.8

^e98.2
2?.1

8.8
?1rl¡

1.2
22.2
h5.0
2.6

ló,I
r.ó

??.5
33.O
19ìó
r[,9

9-S
I8.?
b.5

2l¡r9
15,2

7.2
t5.o

2.3
1ù.h
6r,6
l?.5
b&6

6.0
u$
36,8
Or9
7.0

h6.b
3!.O
1.2
l¡r3

IJ.6

353'1
2?ó.0
tto',6
2lß¡7
931¿

2ôl¡.ó

31o'lt
536.8

3LO
10.O
t9û
SOrO
tù.5

22rS
16.lr
13.5
15.5
I[.L
il¡.9
2?.tt
28,'9
IL.O
2O.8

¡933
tB3l¡
Le35

I
5
0
l¡

16.
3O'
26.19h3

191¡l¡

55,,9
80.9

3
t

13.0
19.6

25J.6
350.3
261..7
206.0

33.8
lr.0
lo.5
h?.9

lrl¡7.9

L936
L937
1930
1939
¡Bl¡o

79''8
b?.0
l¡6. ?f\)

\á)
f\J

rtbl
t-9l¡?

leb5

19¡ó
191¡?

a

30.8
56',L

l¡
û
2

35.
a

a

1ob.o
lg.8
25.1
5\.6

1o2.6

1185.3
,te5'í
zfr.1
lù0.9
3ldr.o12.l¡

38.1¡ 28.3
36.0 15?.b

þ'1
38.1

5.ó
5.1

rLz
3.?

ïd¿t ¡

åvQÌ¡ge 1819 l?16 19.1¡ ¡9.8 2[.1 3b.o 3¡.2 l¡8.2 8..1 30.8 19.3 2O.0 36?.6
q/- Recclrìds are aB fo.Llore:

Juæ through Oot, 19ù2i AF. through Oct. I9¡¡ri AF. throrgh oct. 191ùt ¡nd oct. fgL5 through Septr l9L?.
All oùhcr nontht, rlth tbe excsptlon of [ay end JuîÊ fg35¡ based on a correletlon rlth tlÉ Reprblican
Rlvçr at Bloootngtot¡ Nebraska less Sappa È€ek near Stmfæd. and Þai¡te Dog Creek near T[oodrurfr tÊy
and June f935 based óu adjusting the plõkup betneen Cr¡lbertson snd Blocmlngtõn btr rlyer ntleaga taslao
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Table l26.-Rr¡noff of Republicæ River at Blocntngton mlnus rr¡noff of Sap'pa aûd Fatrle Dog &eeks

(unrt, - 1@ acre-feet)

L929
1930

20.5
Ll.?

r5.6
2.5
6.7
6.1
O.8

L7.5
32.3
2b.3
1.3
9.8

22.O
23.5

b5.g
ro.8
8.8

18.6
10.9

2l.b
12.O
12.I
9.'l
lr.3

IL.8
25.5
28.0
6.e

I?.6

2G6
2l¿.1

32.8
lo.j
n.2
31.ó
15.1

23.6
l?.5
1l¡.1
L6.9
12.O

15.5
23,6
30.0
TL.5
2L.g

10.8
3l¡.5

18.2
20.8

æ.8
11.3
eh.8
28.6
25.3

19.1¡
9.0

25.5
l?.9
8.1

2?.1¡
2r.1
19.0
LT.2
26.?

21c3
20,5

13. ?
20.7

lrg.9 112.0 !5.9 g2.8 SLro 9,o 7"1¡28.? bl¡.h ?6.L gg., 22.3 22.5 37.5

lrO.0
l¡0.1¿
29.3
3o.o
28.0

38.5
31.3
30.1+
3h,6
39,0

32.6
65,.2
33.9
iT.2
26.6

l$.7
z7.o
92.O
23.6
2l¡.L

?l¡.8
20.0
33'L
3[.3
23.9

35.?
20.9
É7.5

7rS
79.6

38r?
tûl¡

35.6
90.0
LL.O
53'.3

526,,2

lrb.7
52.o
51.6
78.7
66, I

L55.7
109"1

50.7
1000¡l
L52.2

8.5
275ú

9.3
15.5

?.3
.[.6

l¿1¡e

3.2
28.0
L?.8
26.9
16.7

106.?
22.2
12.1
75.3
23.1

65'.6
6L.8

h2
23.3
[9.6

216
51".8

L7
28. ?
35.o
20.8
12.1¡

58.6
31.1
1.6

3lr'O
ló.1

1ó.8
10.2

2.r1
15,o
8O.9
19.5
ç.'U.?

6.2
18,0
39.O
o.g
Br?

f,.2
TL.z
2.2
6.6

Ib.l¿

392.
lú2.

38tþ
l05.
j6?.
262'.
gg6.

I
I
9
I
6
o
6

l\)\,\,

193].
t932
1933
193l¡
L935

193¡6
L93'l
1938
1939
rgLo

191¡1
19lÉ

19l¡ó
19L7

36.9
36.6
20.9
2l¿.6
2r.8

?0.ó
2.7
5'3

18.5
l¡.9

3I
l¡
1
0

6
6
L

1À.
28.
23.
L5.
15.

30
31.

lL5.6
a0.8
5g.s
28¿
1?.B

I 9r.33 5l¡.83 aLb
? 63.6
I 3L?

329$
268.6
3?'/,.2
?90.5
225.5

3).
30.0
ê.J

35.
6.î.
53.

103.
3l¿.

a 5W.lt
555.o

1eL3
rgldr
re!5

3@.ó
L89.O
b03.5

lld¡.ó
80!.1

17.9 L7.5tge.? hE.2
L¡

5
8.'l 33.I
28.5 l$.7

1,9.9
37.L

B

I
a

I

Arers.eË 2b.3 18.8 20.1¡ 20.1¿ 25.b 36.b 39.2 l¡5.6 10g.0 33.8 22.1¡ 25.1¡ l¡2IrI
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lable 127.--Run-off of Sappa Creek at tihe nrcuttr plus Prairie Dog Creek at the mouth

(unit - 10oo acre-feet)
ffi[ffi1

1931
L932
1933
193¡¿
rÐ5

u36
1:937
1938

S LÐ9r rgLo

19l¡1
19b2
Itl¡j
19l¿l+
191+5

19L6
191¡z

1929
1930

2.1¡
lr.9

2g.L
1.J
o
l.l
o.3

2.9
o
o.3
0
0

1.7
5.9
2 rlt
o
217

0
88

2.8
0.h

5.5
1.ó
1.3
J.8
o

0.3
217
2.3
0'3
2.5

0.3
0.6

h,3
1.5
1.3
e.8
1.1

0.L
2¡2
?.J
1.3
2.3

0,5
tt.9

5.1-

3,9
18.7
o
0.9
o.g

o

0
5.9
O.l¿
0

g.6
l-7

5.9
2.s
3-3
l+.h
1.8

7.2
3.5
1.1
0.9
0.L

o.5
J.7
2.7
1.5
).J

li.3
h.J

9.6
e.B

1¡.6
2.?
3.b

10.9
.8.L

6.1
6.2

15'L
L.[

br.?

2L.g
3.5

13,9
1r.3
3,)

9rT
11,,¡
l.g

25.5
3.7

16.2
36.5

5,6
8.2
2.5

ilr.1
?9.7

?.O
LE.9
31.5
30,2
3.9

a9.l
lr.3

1.2
u5
1.1
0.7
5rz

5.
LO.
6.

29.

3.0
9.3

23.8
3.6
0
0.1

1¡.1

0
1g.b
3.1
r.g

11.7

19ôB
29.O
1.6

30.o
J.6

111
5.6

1'2
8,8

2.2
[.9

L2.5
9,7

L6.6

1..7
7.?
1r?
0

u.7

b6.5
9rZ
l¡.2
\.7
o.l¡

6'.5
1r6

69.8
8l¡.?

10b.5
55,.b
5l-,7
l+o.O

i.15.7

23h.1
t6o.ó
b5,B

210.6
68.0

l¿8.2
286.3

O15
0
0.3
r)
0.

L.5
o.b
0
0.1
0

o
C.l+

8.0
r.6
o_.
2.)
0.9

l¡.h
0.1
o
o
o

0
2.9
L.?
0.3
2.It

0.1¡

L'
2.9
?.7
1.0
2.h

00.8
o,g
J.ó
1.lr
0

9.3
20.2
b.B

1l_.b
).7

rQ2.5 le
5L.7 18
17.2 2
2Q.7 rt3
t5.o 26

6.1¡
1.21.0

a

5L'3
95.j
66.7
5?.)
57.7

.lr
0
I
s
)

II
o
9
0

6
6

!

a

a

o.
b.

2
ó

a

I

o.l¡
11.9

0.5
7.1 10

3
I

9.)
5.1+

7
6

L 19
I9

o.7
5.La

.5 2.o 2.7 .ó 11.2 30.0 1?.1 g.ç 7.8 gg.B
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t¡Þte 12&-qi"ùorlcal .fllor Republican Rlven near B¡.oø.:¡Ct.o !

t929
1930

1931
tg32
L93)
r93h
L935

22.9
t ó.6

9g.o
h.o
5.3

Lg.6
5.2

18.5
2.5
?'0
ó.J
0,8

L9.2
38.2
26.7
L.3

L2.5

18.1
281-3

22.O
?3.9

53.9
L?.L
9.8

20.9
rl,8
25.8
12.1
12.1
9.7
b.3

11.8
2g.L
29.7
9.5

20.0

1?.9
60.L

23
?tt

38J
11.9
21.5
35.L
r5.1

25.L
L7.?
Il¡.1
17.0
12rO

15.8
26.3
32.3
11.8
2b.l¡

Il.3
l¡1.6

'i0.1
26.6

t5.¿
tLlr

12.0
31.8

8.6
l¡ó.3

lr6
19r9
93.h
2\.2
TL,3

7'9
2s.7
bo.7
o.g

21"1r

97.7
8o.lr
6.lr

11.3
t¡.8
50.1
7.b

I$2.7
516.8

lo?.0
1ÖO?.J

390.3
363.9
Itlß.9
3be.B
283ê

82).5
7L5.6
355',b
6n.6
b'i]..S

392.8
r08?.1+

.l¡ I8.5 1J.7 59'5

.5 zL.l¡ ?5.8 3o,lr
l¡613 5,6.7 109.0
bB,? 8¡¡.8 136.0

3h.t
1l¡.8
26.1
3Lb
26.1¡

l¡o.8
55.3
2A.g
25,5
22,7

1L.J
3l¡.?
2J. B
15.1
15.1r

32.I
3l¡.5
35.8
3r.o
3L?

IÉ,.9
l¡2.9
32.6
3['l¡
2g.B

l$.7
3b.8
3r.5
35.5
Jg.b

33.1
óg.g
36r6
J8.?
29.9

35.h
56.6

9'.5
l-8.0

8.1¡
5'.3

It9.L

3.6
33.0
58.ó
33.1!
l¡2.0

1¡9.ó
l¡1.0
Il¡.1

189.?
l¿9.1-

2í.a
26.9
bg.6
2.7

69,9

1.7
l¡B,l
36rI
22.?
2l¡'1

7ð.1¡
60.l
3'2

6!.ct
19r7

l?¡9
15.8

55.3 l¡t.E
29.8 27çL'
66.6 7?.1
26.3 6.9
27'5 LtL.3

t!0.5
2l¿.3
72.h
Jtt.7
21.1

lú.P
98.2
13.5
6?.1,

559.9

9:..7
10O.9
83,1

Lo8.g
7O.'l

258',2
160.8

67.9
121.1
16?'e

35.?
J96.7

[og.b
16r.z
ùrg.3

9
o
I
I

l.g,

\)t,
\rt

9.

17
8.1

¡:936
L937
1938
L939
r9l¡o

25¡

25.6
20'9
36.7
15.7
23.9

19l¡1
191¡2
1gl¡3
f9l¡l¡
191¡5

191¡6
r9l¡7

22.8
23.3
2Lð
rg.5
29.O

l¡3,8
87'-5

'BJll5ù-
3?.8

20.ó
b?.2

6r.o
6.2
23.3
89.1
35-l¡

!g.o
1r5.8

21.8 3O.l¡
25.\ 33.1

a - I a a a

¡lfe

t
.8I 2r. 28.? l¡0.1

on cn , a

recor{s a
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Csnbridge Unlt

publlcatlon of t]¡E Nebraska Water Resourees Fumrey, .end fromr tnf,oro¡l
ia:¡cs ntth fannere throughouù ttre reglon. f/

The Republlcan Rlver Valley has an everage r{lidth of ¿bouù ùno
mllos !n thil Gembridge Unft area. Tbe valley 1s charactenized by a
bu¡'ted slpntrsl wiütr ¡elaùlve\f 1or bedrock end con¡raratlveLy thick
over\rlng deposlts of waùer-bear'lng Êrnd Itrd gravel, Eoth nortl¡ and
goutlt of the valley the sênd and gravel depoaits are capped þf e
rel.atively tl¡lck nsr¡¿Le of loops excepü Trhsre ¡ùrealûs trúbuùa4¡ to
ùhe Raprùltcsn Elvc¡t' have cut through t'he loess cap. Aa a reeultt
ræCharge of tb€ r¡n¿lerlyt¡g Broünd-lrrater r'sserÍôlr fron Locel preclpl-
taüion Ls Ënited. It ls bolleved thet, becaueo of tl¡eas eircwl-
ataneee, the l¡rtengtve devel.opnent of la¡ge ground-nat€r aupplies fn
tùre areãa north a¡rd south of ùha Republloaa Va11ey wlLL necessarlly
be restristed. Hotrever, wlùhl¡ the valley optlnru oondltlons prevall
for tù¡e tnfi.ttraülon of pnecïpltaùi"on that fel1s tn the reglonr be-
ca1¡se tåa valLey soLls ere peraeablc¡ thr¡s al3.orbrg percolatlon to
tha underþing aande and gravela' Conditione ere ll.ke¡rlse favorabla
tn the v.alIey reglor .for dfrscü reoharge to the grour¡d+atsr re¡ervol¡
fron stres¡û flos, In cddltion¡ the ground rater in the Republieen
Valley region recelïes oteady conür.ibUtions frosr uplarrd s1€as nofüh
of Lt in the forrn of çater mqvlng J.n tomard the valley. Sirea ühE

¡oils ln the villey are generaÌþ pemeablßr lt 1s expaeted that mqeù

of t&e retu¡r¡ flow reters, roeûltlng fron lrrAgaÛlon derrelopnents,
rill seep to the gmund ìu¡ter and then return to ths rirrer. Retu¡r¡
flow raters ãhould lncreaae th,s ground-water EupPlJ¡ and make lt
poesible to obtal.n a 1a¡gor and nora dependabl.e yleLd from ühe ground
rat¿r than 1g poesible aü Present'

Profileo of the Republlcan Rlver nse¡ Arapahoe a¡¡d nger Alna
a¡e shoun ln exlrtblts 3l and 36. TÌ¡e ¡rater-tabLe ranges fÍom abouù
l¡ feet to 2O feeü belorr t'he eì¡rface of the ground.

Although the profttes ehow that the water-beaÉng layer of sand
e¡rd Eravel 1¡ reX¿tiveJy uniforn ln tlrlcknese, lnfornral talks wiült
f¿rne'ro åbollt fa¡m wells roveal that lt v¿¡'!.ea consldElably in thisk-
neas throughout t'he regl.on. In nary loc¿tion¡ 1t f.s too tl¡1n to
yield a er¡t{lcfent quantlty of water. In other locaflons iü te EotnB-
ti¡Es dlff,fóuft to obtsln s sufftclenù yleLd beaausa ùhe fine-grainod
sende too greaùly rastflct èhe fLon of, weter lnto the wellr erron
ühough there ma¡r be a good $pp\y of ûatêr conteined in the rvater-
baar{ng la¡rer. fhe better produclng rells are predonlnantJy on tùe
eoutlr slda of t'he niver, beoause here thc {qFerr¡lous ohalþ ehele

0rou¡rd water tn the Republl,can RlvEr Eesln fn $ebraska, Part I
Nuckollsr lttlebster, Franklln¡ and }larlan Cor.nt'l.es, and Parü II
Furnaa Cou¡ttür by H. A. Walte, E. C. leed, and D. S. Joneo û.¡
Pubttshed by the llnlvereity of Nebraaka, Conservation and
Survey lllvtslon.
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Cgnbrtdgs Unlù

bedrock hes been soourad out mora deep\y and theæ ls generd'iy e
greater thickness of wator-þearùrg send and gravel over\dng the
shale tirar¡ ls generally fou¡rd on the north slde. T'lre n¿:cl¡¡u¡¡ thtck-
r¡ess of saturated weter-b€artng materi,al occu¡la ln a narrow ba¡rd
extendLng from a potnt about 2 ñiles aouthileat of Holbrook to tl¡e
Red Wlllon-Furnaa sounty ll¡s úesù of Carnbr{.dge.

tTellg have been developed nors ËuccesofulLy along the r{.ver on
tlte boùto¡¡ ter¡¡ce than trells on tlre sseond ùerrsoe. So¡ne rvells
have been deveLoped on ühe geconci têrraee on tbe aouth d.dc of uhe
rLver¡ houever attempts to deræIop rceLls on ùhle terrasê along the
ou{:er rln of the v¡lley hew not alwayt been euccessful. Ít¡ts la ô¡e
to tha variation ln tJilckneas of the sand end gravel la¡er.

A n¿rrrw bu¡"ied channel extsts ln the va1ley of l[edlclne Cmek.
The wat€r table in the valley te at a relativa\ shallow depth and
tltere io a posslbl.llty that sone cllrect reehefge to tåe g¡:otrrd-vater
¡resentolr from the strea¡! flow oecurs. lltrEre are posslbillties of
derreloptng $ûa11 water suppliee in pl:eea wherÊ tÌrers ls sufflclent
ühlckness of under\ylug eaüurated water-bearlng matenlal, A profl'Ie
of l¡fadl,ci.ne Creek about 2 miles norùlr of the Fronùier-Red Wllloü
Couty Line is ahsra tn ext¡tblt 3?o

It ls not e:çected that exteneive developnenü of ground water
rrill take placc afüer a gravity oysüem for irrlgatLon la lnstalledt
bacause of ttre capltal lr¡vestnent, hearry depreelatlon, scarclty of
weLl locatlone, and upkeep coeùs nÊcêssety to melnùatn and o¡reraüe
the weLls and pumps.

A coopereüive program between the Bureau of Rec]¡¡natlon and tJre
(Þologlcal Survey heg been estaþlÍehed for the süudy of the gr"ound
vater ln the Republl.can Rlvar Valley. Thie prograrn wlll establish a
htetory of the conditlons whtch w111 be used ae a basis for obaenrfng
ground.tefer changes roeulüing from brd.gatfon.

lhere ara 27 obaervaü1on wells looated ln the Canbridge Unlt on
tlre north slde of the rlver and 6 wells Located on the soutt¡ eLde
tlraü are being read monthly by the Oeologlcal Sunrey. Thlrty-ons of
tlrese uel1s weæ Jetted by the Oeological Survey dur.tng üsy Bnd Jur¡e
f950 and wer.e added to ùhe obeervation progrs¡r¡r the Bu¡:esu of
SecLEastlon has requested the Oeological Survey to preparu depth to
ground water and waüer ùabLe contour naps of thís area on the nor'üù
sldç of the rlver by lÞeember 31, 19É0, and .luly 1, L99L, r"espeotlve!¡r.
The Bureau has also requeoüed thc 0eologJ.cal Sunrey to d¡{.U 25 åddl-
tlonal obse¡vatlon wel,le on tù¡e eouth alde of the rlver undsr tåe
Holb¡rok Car¡al end add them to the obsen¡atlon progranr for ¡nlr¡lu¡n
covefaga. they were also requested to p¡Ëpa¡e depth ùo g¡¡und q¡ter
and t¡ble contour naps of the area by October I, IgrL.
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Canbridge UnLt

Ou¿lltr of water

-
the crlterla used in determ|ning the quality of water pomlesablo

for use i.n trrigatl,on are dessrlbed under the dLscusslon of quality of
uaüer for the Frenchnsn Unlt'

Analyeea of ths nl.neraL eonatituente of ltredl-cine Creek near
Carnbrldge a¡rd of the Rcpublic¿r¡ RlWr near Celûbrldge have been rnads

by the Oeologíca} Su¡1¡sy. These enaþeeo¡ taken during 19117 throqt¡
191¿9 are il.sted ln tablee 129 and 130. Table UI lÍsts analyses of
grorUd Water t¡ken from wells at Canbridge, Arapahoer O*f,ordr Orleanet
e¡¡d Al¡na.

Eotal salü concentraÙlon and eodil¡¡ percentage of ùha wet'er
List€d |n tablee 129 and 130 are plotted on charte, exlribtte 38 and
39. Íhese extrlblts lndlcetc tirat ùhe stl€an flows of Medicine Creek
and of, tha Republican Elver ¿¡e of excellent quality for inlgatlon
rrlth respect to total" salts and percent sodi.uü. The boron consen-
tratr.on of tlrese waters 1a lorr enough for the rmter to be classifled
as eræelLenù or good for groring crops claselfled a¡ senelflve to
boron.

ffpothetioal che¡nlcal combfnatlons wë¡e made by drarrtng bar
grapha of cherntcal equlvaLento showlng the relatlonohlp of übe car-
bonatee a:rd bicarbonaùes to the calclum¡ nagneslum, aadlun, and
potasslun. these bar graphs lndisaù€ tl¡at 1n tro aanrplea out of
sevan on tfediolne Creek and elght s¡mples out of the fourtee¡ taken
on ühe Republloan Rlver there t€t€ sons concantratlons of eodl'un
cerbonate or bteerbonete.

Ana\yses of ground-waüer aarnples tsken fro¡¡ clty wel1s at
Canbrddgo, Arapahoe, Oxfordr Orleans, and Alna have been neds end ara
ILsted in tebl.e l-3I. fheae ræ1ls rengod ln depth from l¡O feet at
Oxford r.o 72 feet at Arapahoc. Þùtbtt b0 l¡tdisates that tlre gnound
water in the rmlt le satisfactory for fu'rlgetl.on lnsofer as percenüage
of sodiüm and toüal aslts are corcerh€dr The largeet ¿nount of boro¡r
reponted tn ar¡y of tl¡e sanples analtrrzed ls O.trù prprtr. rrhish ls not
enough to oau¡e dsmap to ùhe planüe moet seneltlve ùo bo¡qn. A
etudy of tlre sodlun carbonete or bisarbonaùe concentratlon lndloates
üheæ is no dsnagûtg concenbratton of these eaLtg in tÌ¡e ground
water of thla area.

All of tl¡e connunlttes ln the Republican Rlver Valley ure water
puqped fron ¡eILa for domeetic rvaüer supplles and lt 1s not antl-
clpeted ar5r of them rrlll rish to use proJecü rvater ln the fi¡turl,
For tt¡ls rs&son no data lo presonted to ahow ùl¡e exùsnt of po).l,ution
of eurfaoe çaüere ln tåis reporü.

?he Publlc Hea¡.th Serryice has prepared a detål.led report shorlng
tlre extent, t¡pae, and rnaJor sources of pollutlon of stres¡us i¡ tùe
Kaneas Rlrrer Bestn. V Mlninr,¡¡ eùrean flows necêgsary bel.oç

tl ItKanses Rlver Bastn ffeter Pollutlon Inveatlgaülonrtr Federal
Security Agency, Pt¡bltc HeaLth Servtce¡ June l9l¿9.
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Canbrldge Unlt

r"eoe¡nroirs for sanitstion are lietad i¡ the Public Healüb Servlce
n"po"t, and are discussed ln the secùion of this eppendi¡ dlscuaslng
r€leåses for Publlc ltealth SenrLce.

lllãter Rightg

Info¡matisn conoernlng the water laws of Nebraska åppearg ungsr
the di.ecussion of, water rights for the Frenchnan Unit. Clai.ne and
applicatlons to rreter righ{s in the Medicine $reek drainage area Éäd
q;'t¡e Republican River between Carnbridge a¡rd Harlan Corurty Reserttoir
appeer i¡ tablE¡ 1J2 and 133,

Aotive water righùg

fheæ are 12 provlslonal grånt8 for water ¡{.ghte wt¡lch total
6.?8 second-feet tir ttre clrainage areg above lr{edicine Creek Resen¡olt.
BeCause the water rights above the reservoLr heve not been exercfeed
throughout the perlod of, study it, was.necessary to include ùhe acre-
æe lrrigated by their use in the 11650 acreege which wiLl be de-
vllopea by private cloveloprnenü. This was clone in order to insure e
full'çater !¡uppty for these rights. !'or bhe pr¡ryôse of this stu{¡r
ùho historls¿i- rrse by these righte has been considored negligible ând
the l¡istoric recr:rds v¡ôre nob co¡recterl for thle uee, Storage at,
{felLfleet lleservoir of 8O acre-feet wi}l not affect the project rater
sUpply except for evaporatton losses f,rom the reservofr, which would
havè been refleeted in past etream-flov¡ records.

Tn the üedlcine creek Reservoir area there $ø 5 clai¡ns to a
toüa1 of 2.96 eeoond-feet of ltredlclne Creek fLot¡rs' Due to tl¡e con-
structlon of lûedicine Creek Dam ùhe use of these rights vr|I1 necee-
satiltr be dlscontlnuedo It is assumed thaü the rrater rights undar
approþriation flllnga numbered 2686 end 2687' daüed JanuarTr 27'
L937t wllL be asslgned to the approprlation fillng by the Unlted
Staùåa of Aneri.ca, appllcoüion nu¡nber 3900r dated MW 1, 19lró, for
for rlght tÇ süore hOrOOo acrc-feet of r¡¿ter frcm ilediclne Cmek for
lrrlgatton purposes, A letter of Jult 16, 191¡1r f,ron the State
Engi¡eer, Nebraeka Departnent of Roade and Irrigatlonr to thê ChLef
Engineor¡ Bureau of Reclanation, states thaù there is on flle ln the
office of the ûlebrasl(a Department of ftoade and Imlgat'lon e reeolu-
blon, datært July 5, J'il)lt by the Board. of Di.¡octors of the Unlted
Publlc Porær and lrrigation Disùríot statlng thaù water righüs
claLned ln flllnge nu¡nbered 2ó86 and 2ó8? rnay be asstrgned to the oru
ganlzatlon desigaated ùo build the Ca¡nb¡"i-dge project. ltre 0amb:ridge
û¡iù w'11.1 lncLude the ssna arËas which were pJ.anned to be setr¡ed
r¡Rder the ilater r{.ghüs clal¡ned in fiJ.lngo numbered 2686 and 2687.

Beùueen Medtcine Creek Da¡a a¡¡rl Carnbr{.r:lge, tf¡ere are 6 provialonal
grants with s tu{,al ¡tght of ?1.10 sêcond-fêet, horræver, 68.0 eecond-
feet out of bhe ?tr10 second-feel, are r{ghts clafunecl by ihe Canbridge
I{tLt st Canbrldge.
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Canbrldge Unit

carnbrldge 1f111 was divertíng aa ¡auch aa ó8 eecond-feêt f¡on
tûodtcl.r¡e Cr.set( i¡ the per{od ln¡nãdletclðt pdgr to its <leetmctlon þ
iiõ¿ in Àprii Utrl. ihe flooos for t'¡ne- r9h? and 'Iune 

191¡8 ¿1go
caused nucir darnage to portione of ùhÊ lotll remalning after the flood
oe r9h3. The ¡11-11 hainot been opereted elnce Rprll 19b3. rn oper-
atlng ttra n!.11., f.lre wheel ìraa ropû-connected to tùa ¡¡l.Ili'¡g na-
chlræry. Slnce most of the itredictne Crsek nonlr':rtgatlon seagon flgï
wiU ú etored for proJacù use before raaah{'ng ühe o{1r eite, tt wlJ.1
not be poeeible to operate the ni}l du¡dng ¡rlnter rlùh weter poüer
after developlent of thE prroJect.

The owner of,'the nJ.11 has i¡dlcated that he fs flllüng üo sub-
ordinaùe his righù to the proposed lrrLgeùlon proJocü durtng ? nonths
of the year for a e,onsldoration, horever, the Bureau of Reclenati.on
1e negotlattng to lraw the rtght canc€113d bacauee of nonuso.

The water supptr studl.es presented hsrctn hava subonltn¡ted the
rlght of the nill to those of the CanbrLdge Unlü.

Thers are 9 pruvlelonel grante rtttr a total rlght of 9.88
seoond-féet on ttrà FeprÈIt can Rlver betnsen Canbri.dge and Harlan
Oounty Reaerrolr. Moet of theae water rd.ghts uere granted dt¡¡'tng ühe
period of study, therefore, the hLstorleal records ds not rçflect
depLeülons for lrrlgattng these lands throughout the entlro perlod of
study. fhe l¿ruls lrrlgatEd under all but one of thesE righte have
becn Lncluded ln ùhe l,?r230 acres fn ùhe Canbr{.dge Unlt for whlcb s
waùer supply has Þeen deterulned t¡ ühLs otudg bscauae they tare In-
cludêd la the French¡¡a¡r-Canbridge trrrigation Dlatrict. only ona
f¿rmer rtth e provlel-ona1 grant of O,73 eeoonddosù hag petltlonad
to be exèludôd f,ron the districü, The hiatoripal records have not
beon conacted for f,Àe w¿ter used þ these l¡nds beosuse ühere ls no
t¡cord of dlwraÀon or of acreages lrr'lgaüed on tt¡ich to baeø ê côr-
recti.on¡ lhe mter uge undgr thaee righüs hae been eonsid¡red negll-
gibla bcceuse the Lauds lrrlgated by ùhË¿t' use have ¡lot reoelved a
f,ull. w¿ter E¡ppLy duülng the enti.re period of atu{y. It la e¡çscted
t&gt thoee trhÐ did noi peÉ.ltlon bo be ensluded fro¡n the distr{ct
rrlll receh¡r¡ retsr frorn the dtatracü and wll1 not choose to e:æ¡rcise
tù¡eir water rights.

fnaatlve 'water rlehtg

fnforr¡atlon presented ln tables 132 and 131 ¿lso includgs Íaüor
rtghto concelled durC.ng a¡¡d after the period of operatton abudy for
the Ca¡¡brLdge Untt water aupp\y.

Rtgbtn rtrlch have been canealLed arê es follows: L2.b9 aecond-
faet abova illedlsine Creok Reser:voirr 170.00 aecond-feet on Medlcine
0rêek betwsEn h.edlcine Creek Oen and Canbrldge, s¡d 215.90 sgcond-
feet on tho RepubllcÂri River betnveetr 0anbr{dge and HarLen Counùy
Rese¡.rroir.
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CanbÉdge Unlt

Anttclpat:gd UsE $ Futu¡e P"irllqþ Developrnent

It' is an+,icipated theù ln the f\rtr:re there wil I be artCLtlonal
depletìons tc tJre ¿¿ùcr sr:.pPly f,or the Canbri-dge Un1t. o'tlter deple-
ülbns coneLdered 1n ¡irrs stufo are waùer useC' by pr'lriaüo l:'rlgatl'on
devetror¡nont, water rtserl by developnent of, pondsr and lvate¡'ueed for
nunicipaL and tndustti-al requlrêrnnts.

Water r¡se f,or p¡lvet-g .l:Lfestion. "¡td 
ggg! 9g""1ogj.1t:

F1eld rer,'ãnnalrsancc and i¡forr¡al taLks rrith staüe and county
agenta ilÉre thÐ trås.'.õ for detefinlning the estinsüed naxinu¡¡ probable
Subu¡e lrt'igatlon anrl pond derrelopnent. the estltîs,ted eff,ect of
fr¡üure use h/ ¡rond deu+lopaent le goneldered to be very anal*lt
averagi-ng L00 *cre-feçt tn lday and 100 aqre-f,eet Í¡ June' or 20O

åcre-fa€b pe: ¡rear.

.ô.i.n,¡o Msdlci¡c '-ireelt Bpaerqoir lt was ectünated that 1'é90
scrèe w:1.1 be deveteped- for lrrigaùlon lncludlng tln Land tTP.+, ls
preaanbìy lrri-ga.te.i. This lrrlgeble area ls based upon )-rnel claesi-
f:i.ca1¡1cr. ¡aep,s prep¿u'ed by the Bur¿au of Agricuiturel E¿o¡:aullcr" Iþ-
veloplent is ctepen'!e:--t upon prLvate lnltiati"-e wltlch may be ac-
cornpliebed with t1*- aid sf the Water Facilitles progran of ù!re,
Departrnent of, .Agriorlture. 0n ti{arch 20, L9b2, H. F. Eurleiglr¡ rep-
reeontlng the Burear,. of Rgrlcultural Economlce and C. 1. Judah,
represant^lng lhe B'coau sf Reela¡natiori reeomÍended that the develop-
nenü ln this aroa ta lj¡ited üo 1rl¿00 âGBêE¡ An eetl¡nated 250 acreg
of presently íyrieateC -ì-end w¿s added to i,he 1rl¡00 åcnes to obtaÍ¡
the tobeL araa for pri-rrai:e depLeüicns above ùledlcine Cresk Dam" The
uge of lvater e¡ipêoirad kr¡r thie new aree r*aa oomputêd by nul.ti.p\É¡g
Lr65O aer€Ê ti¡ues the consunptlrre use of l*igatLon waùer requf.renents
shsiln tn tsble il¿?,

!h1a prå.r'ste derelopnenb could reault fron pumplng fron the
etreån or fron ueLL devslopnent,¡ hõwever all erpeeted futurs use wâg
deplated ffon tåe Btreâm fl¡w tn order to lapose ùhe nost Eever€
deman'il on ttre st¡o¿n .f,low during the Lrrlgaåi.on seasotr. The average
etrnu¡¡l depletlon, table lJl¡, for boùb ir¡igatlon and ponde ls 1r7OO
acm-fe6b,

Paet a¡ld prerent uso o,f water above ldedlcine Creek Roaervoir ta,
for thc noat pert, alreedy reflLected in strean-flow records. F¡rture
use for lrrl.gatfon of a¡r esti¡ated 200 acres betreen tledicine C¡eek
Dan and Ca¡qhr{dge ls shonn in üab1s 135. !'uture develo¡ment of pond¡
tn thls 1?êch 1¡ considered to be negligible.

Ìfeter uee for ¡nunlcioal a¡rd lndustrial nequLremente

No a1lowanc6 ffes nade for future mmiclpal or tndueùr.j.al de-
velopnent absve or helow Nedicine C¡eek Reservolr. At thg pr.eeent
tlme aLL of tl¡e aomnunities ln the Canbridge Unit a¡ea obtaln thelr
ûêtet eupply fro¡n we}ls.
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lable. f.JÙæ&pletlor¡s frso Posslble Fr¡ùr¡¡e frivate Developnent of lrrigatlon and Ponds Àbove
l{edi,clne Creelc laøi a/

Dec
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0
0
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0
0
0
0

0
0
0
0
0
0
0
0
0
0
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n
0
0
0
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o

.1
l?
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,,2
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.1
,j
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,l
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o
0
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o.2
.!
.3
a?
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.2
.2
.1
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.2
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0.5
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,l¡
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0
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.l¡
.l¡
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.1
,1
.5
.3
.l

É.¿
.J
.5
.2
.5
.1
.1
.)
.1
.2
.3
.l

I

o.2
.l
.l
.1
,2
.l¡
.1
,l
t4
.1
.3
.l
.1
.tr
,3
.l
.L
.1
-1

.3

.2

.l¡

.3

.2
t1

"3

L

o
o
o
o
o

a
n

a

rng
rg30
1931
1932
1t3l
1931¡
L9t5
1936
t937
193t
t;939
l9¡¡0
19ù1
f9l¡2
19¡{3
f9l¡lr
1eb5
191¡ó
f9l¡7

o
o
0
o
0
0
o
0
0
0
0
0
0
0
0
0
û
0
0

o
o
o
o
o
0
o
o
o
0
0
0
o
o
o
o
0
0
o

o
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
0

0
0
0
o
0

0.ó
.3
.J
.6
.2
.ó
,3
"6.J
.l¡
.5
.7
.J
rJ
tl|
¡é
.b
.3
.6

o
.2
.l¿
o2

o
a?

1.9
l.o
1.2
1r?
1.t
217
1.?
2t6
L.9
211
e.b
2.3
0.9
1.2
1.8
0.9
L.7
1.5
1.5

0ì

9l
Avg.OOO'l .2.P.5.b.2.1 OO].,.7

Depletlons-cerE ¡aade for ãhe prlvãte developmenÈ õa1fft0 ãcres and 300 acra.f,€€û per year for
depletløts due to pcrd deuelopnent.
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î¡b.Le 13J.-!l6d!¡t¡e Oreek--deptreLlons for fuûr¡re prlrate trri.geùion
bcÈwean dsn alte a¡rd ¡oÕuüh

7929
1930

1931
t932
19t3
193ü
1935

r9t6
193?
x9t8

Orl
0.1
0

0.1

0.tr

0.1

0.1.
0.tr
0.L
O.l
grl

0.1
0rl
Or1
0,1
0.1

0,1,
0.1

0,1

0.1
0rl

oL

o,1
0r1

0.1
0,1

0rX
O.l

0.¡

0.1

O¡1

0r1

0.1

0.I

6,r2
'0.1

0,3
o,.2
'0.¿

o.3
0.3

0r1
0,1
0.2
0.1
9.2

0.2
0r2

0.1 0rl

0.1
o.i2
0¡2
0r3
Ðr2

t939
191ú

19b1
19b2
1913
¡.91¡¡¡
19b5

0.1

191+6
191¿?

0,1

Totel
Afg. 0.0 0.0 0r0 0.1 O¡1 0.0 lO.?

Noüe¡ Dapletlør fof 20O aeras of pr{vate devel.opueaù.
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Canbridge llntt

ProJect Waüer $gPgU

&re princtpal sou:'ce of water ühat wlLi be used in daveloptng
the Car,,bridge Unlt will be water sùorod in Medlcine Cree!: Reserrnolr.
In addi.tlon, stpean-f']or accraülone ln liledicine Creok beùaeen MedicLm
Creek Ðan a¡:d Carnbri.-{.ge and ln the Republica¡r ftlve¡: between Bartley
Ðiversion Dam w'iL1 bo used to servE tl¡e &reen The accretions in the
Ropublican Êiver upairean f¡on lhe Canbli.dga tlverslon D¡n rryllL tn-
clude n'astes and re'¿urn flsw fro¡n upatrean units rvhiah rrlll be ueed
to sen¡e tùre area, The Rspubllca¡ Biver fLrnv at 0anbrldge llivereton
Da¡ afber upatrearn c^tìvelâpent lees flors ihat wlll ba contributed by
Medielne Creak are chown in table 13ó.

Reserroi-r tnflgg,

The onþ hlstorieal resords of trtedlcinE $reek ilow are fLowa re-
corded near Canb:1dge" Tìre florr at lledlctne CrEek D¡¡n w¡n eetimatad
to br: l'$"$ p*reeni. of the flow at Cambrldge^ Thls perce"ii.räe 1e
baseo upon ihe ratio of the dralnage area abcve t'lre dam t,: '"he dretn-
age area abor¡a Canbni,6gs. fhe dralnagê års& above iledleir,s Craek Da¡n

fã 656 squa¡e mlles anti the dralnage area above Ca¡nbrC-dge is é8?
equare ¡¡iles. Tat'le 121¡ is t'he estlnaüod hleùorical flo¡v rf !,ledlclne
Cr¡eek detêrlnt¡:ed es dêscr'ibed above'

The dapleted lnftow at M¿dlcine C¡eek Dan, table 137¡ rres com-
puted by eubtracting ühe depleüions whlch rvould be caused by fuùure
þrlvate developnent of lrrlgaùlon ancl ponds, table lfl+, fron the
estimated historiceL flow at Medioino Cæeh Dam' llfater can be
etored ln the reserroir for i*igatlon until ttæ irri.gation storage
capacity of 2l¡r200 acrs-feet, essu¡ned as the effecÙlve storage content
et the end of 5O ygars of operation, Le fi}led.

Strean-flow seetlonel aceretlons

fte gain l¡ flglv of ]tredlcine Creek between lt'ledlclne C¡esk Dan
and C¿rnbrl.dge is esüinated to b€ lr.5 percent of t'tre flaw near Ca¡n-
bridge. f¡rJ-s per"centage wac besed upon tbs reùio of dratnage areâB
as erplalned ln the .foregoing dfsotlssLon in reservolr lnflow' The
ssct Íonßl gatn in at'reen flpw of lledisine Creek between tJre De¡n and
{*re rnouth of the Creek (near Cambrldga) le llsted ln üab1e 138. Thle
naüural gain rraa depJ.eùed by the estinated fuüur.e usa for prlvate de-
velo¡rnent ln this reach, table l-35, md the result ts shown in t'able
L39, The depleted gectlqnal galnr table 139, 18 the naturaf ff,gtv
¡¡ater tlrat wiLl be avallable for diverelon sü Ca¡nbrtdge Dlverslon DaD'

RBturn fl-ow

Return flow fron L'l rZ]0 acnes in tt¡e Carnbrldge Unlt, tsbl,e il¡O,
rae conputed as described 1n the dlscusslon of return fLow under tln
Freneltnan UnLt' The di.stribution of reüurn florv ls the oane aa ussd
1n the Frenclunnn Unit. the return flqwe fron tùe Canbridge Unlt wl1L
not be ¿vatlable for reuge by this unlü. They lrere detemined l¡r
order to sltow the ¡rater thet rvill paea the unlt after developnent.
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Table I3ó.-ELcm of Reprrbllcan Rirler at Cub¡rldge Diverslqr Dæ afùer qpst^reao develoEnentr g/

- 1O0O ec¡e-fe¿t
ltar. a

L929
1930

¡931
L932
L9)3
193h
t935

ïÐ6
t93?
1938

¡: .L939jj ù91¡o

Lel¡1
It¡¡2
tgl+3
l9l¡b
19l+5

re!ó
tsÌh7

15,8
3.2

22-2
CI

2"8
23,,o
1,1

8.a
0'3

LO,0
II.2
o

0
1?.0
l-3"?

0
,.1¡

il¡,9
19.3

Il.?
9.6

J0"0
o
1"0

20.o
3.0

8"2
IL.9
6.3
9.3
0

0
27.7
28.1

0
9.1

1[..8
23.O

?L"9
29"9

3l+.0
9.3

29.0
L.1
l¡.1

Oo3
g.h

!0"8
2.8

L8"6
3?.tl
13.8
37' s
23"3

1.3
33"0

36"O
60,3

2\,9
10"¡¿
30"1r
?.6

158,1

?8"3
0

37.3
1g"6
9.O

25"6
38.ó

5-.lt
b8-r
17.5

L6"I
35.h

39.6
6.lr

0"3
18.5

l¡.7
l¡.9

12,1¡
1"0
0

1¡9
b3.3

0
O.1
Or2
\.?
5.8

O.l¡
O.2
I.3
0.ó
2.5

1l¡.3
b"g
L3
216
J"3

6o"6

316
33.5

6"2
25.3

o
1.6

2¡r.1
o
7.2

l¿. ?
1.9
6.7
2.9
o

20.lt
19J
2.7
3.0
9,?

23.3

2l¿3.b
3Q9.?

U3.8
105.2
ISOJ
11ó.t¡
678.?

il¡g.6
7?.O

l-hl¡. o
1lr5.t

29.|t

e?0"?
2L$.6
L0lr'3
23L"6
I?0.5

2lr3'h
2#.2

¡t¡.
r8

o

3
Ir

2
5I
3
I
1
3
,
Ir

0o
15.
12.
13=
1.

lrl"
2.
0o

I)o
6o

JO.
?.

IL.
29.
o

o

62.'l
61"3

2.1¿

32.
13.
1O"
23.
5.

28.7
,5"lt
3.1

23.7
lÊ3.6

IL. ?
12.g
1?"b
35"0
IL.2

?L,h
38"6
3,7

lú.2
70.0

}]..8
93"3

o

0-1.8
o
0.8

28.1

0
18

ó

a

a

9

2J.0
0
1"L

13.7
0.6

0
10.
3[.
13"
32.

1.8
2.3
0"8
0"8
I-.3

2B.l¡
2,O
lr^g
0'L
r.6

I
II
3

0
o

lJ.o
,,6
9.CI

12"o
r?.7

0o9
0.5

2.1¡
?.8
3.2
?.6
0

15"O
Llt?
Irô
b.ó
6,9

26.9

L9.

2

7
?
I
2
1

7
7
7
I
6

2
I
7
5I

9'3
L3,9
2?.8
5"1

18"5

25"L
33.7

5"7
0ol¿

ToEår 8"8 r["2 zo .0 6. I

KSOO2477



Table 13?.-IÞpleted Inll¡lç of llcdiclne Creek et lledici¡e €reek Ila¡D Site

L929
1930

1931
L932
L933
193¡r
L939

193ó
193?
1938
1939
191¡o

rgbl
l9l¡2
19l¡3
19¡dr
leb5

3.
u.

2.5
3.6

1.hl¡.6

2.6
3.3

3.8
3.8

2.8
1.3

O.7
2.1
8.1
3.lr
3.7

lþl¡
3.8

)rZ
2.3
2.1
1.5
3.o

!.1
b.5

l¡O.O
9?,2

38,9
lú.5
52.9
l¡2.O
?3.1¡

L2,3
39.1
b0r3
36.?
6[.9

87.'l
??.b
37.5
'î9.L
61.8

62.2
g5.r

L.0 5,Il¡.8 l¡.3

l¡,5
6.o

- 100O acre-feet

2.L 0.b
7.7 5.8

I.9
5.0
2.2
2.3
l¡.6

12. I
2.i
3.2

U¡l¡
2.6

3.2
3.2
2.I
9.2
3.2

3.1¡g.[

6.2
2.5
6.9
2.6
3.0

u.g
6.3
2.9
?.8
7"o

lr.2
9,5

1.9
5,6
2.r
6,6

15.a

t5.B
10.6

5.1¡
?.0

20.,3

2
I

l¡.8
3.6
b'2
lr.b
lr.1

3.7
l¡.2
l¡'1
3.b

3.9
2.8
?.8
2.3
3.6

1.7
2.3
2.7
2.5
2.8

te
l¡.ó
l¡.8

l+

I
6
I
2

5.
lr.
b.
¡¡.
lt

L.L
3.3
l¡.b
2.5

20.0

b.g
5.8
3'l¡
9.0

18.1¡

5,7
2,6
3.5
\.5
lr,O

l¿. tr
3.7
3,ó
3.'l
3.8

1.5
?.8
2.0
2rs
5.5

3.8
?.1
2.7

3,9
5.7
2.2
2,8

3.1
2.1
5.1
2.1¡
3.1

2.2
2r3
1.5
1.6
?.6

3.b
3.L
l¡.5
3.7
3.6

2.3
?.5
2.2
O.7
5.7

3.8
e.8
r.8
2.t
2.9

22,OL.l¡
?,l¡

2
0

,,
ól&

?.1¡
3.2

?.3
3.5

I
3
L
7
5

I
I

3.
11.
3.
5,
Jt

3.
lþ

3.2
3.6

3.1¡
3.2

ó.2
3.1
3.7
l¡.O
l¡,3

b.3
2O¡O
3.5

il¡.5
3.2

12¡l¡
?.1¡
2.9
1.6
5.?

1.2
3,3
3.L
3.2
3'0

2.É
2.9
2.1
2ri
l¡.5

3.1
3.9
2'3
3.1
2rs

1.8 2.8
2.9
2.3
2.3
2,8s

G rlI
6.
3r
3.
3.
3.

9
l¡
2
I
6

19l¡6
19b?

3.1
2rT

3.7 3.3
ç'

To|ç
.6 l¡" 6 II.3 r1 ,8 3.9 2 3.3 I
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TúIe lJ8.-Sectionå]. O::in in Stneæflo¿r of lMici¡e Cneek betreen Dan Siüe and the Mor¡th

(urft - 1o0o asre-feet)
Ear Oct. Nono Dec. Jano Feb. lÍarr AÞr. l¡av Jur¡e Jtrly Àuß. SreÉ"_ Tota,[

f.o6
2o8

o"1 0ol
¡1 .2

O"1o.10o2 0.L
.l¡

L929
1930

193r
r:932
1933
1931
L935

193ó
L9t7
r938

-1939
-191¡0

191È
L9b2
uL3
t9l¡l+
191¡5

r'9¡¡6
IeL?

o.1
0.2

O.2
o.2
O"J.
O"3
OJ

o"2
o.1
o"1
OJ
0.1

OoI
Oo2
O"].
o. 1
O"1

O.L
1.0

o"1
o2

Ool
.2

4.,2
.2

.2

.2
oé

.2

.2

.2
,2
a?
.2
.2

.2

"9.2
.3
.2

O"2
o"2

CI.2
0"3
0r,3
0o2
0"2

0.3
0.1
Oo2
0.2
O"2

0.2
l"O
o..2
0"7
O"1

Orz
O" lr

0"8
0,,5
0o3
0"3
1¿0

o"3
3.0

.4

.2

.1

.2

.2

.2

.2

.2

.2
ol

"2
o1
.2
.2
a?

.Ê
oé

.2

.1

.9

.1

o
.1
.b
.2
.2

11
.1
r1
.1
,3

o6
rlr
.L
.1
.3

.1

.I

1.9
2.5
2.3
2.2
3.1¡

2.3
1.?
2"0
1.8
3.0

l¡.?
3.8
2"1
3.6
3.1

2rO
,.9

.2 .3

.1
tê

.3

.1

.1

a

I
a

.6

.1
,?
.8
tC

.lr .l

.2

.2
,1
.1
rL

.1

.l

.I

.1

.l
oI
-2

2
rl-
.2

.1

.2

a

,
a

¡
a

aa

I

a

¡
a

2
I
I
I
1

Ool
Oo3
0.1
Oo3
Oo?

Oo3
0.3
o*2
Ool¡
Oo9

I
2
1
1
3

1

b
2
l¡

.2
c1
.1
.l¡
.2

.Io1

.L

t

c

a

I

.2

.1

.I

.1

.l

.2
rI
.2
.1
.I
.1

r3
Jé

.2

.1

.2

.2

.I.2

.3

.1

.3

.1

.1

.6

.3

.1
olr
,3

"l¡.2
O"1
O.2

.2
"2

.2

.1
"1.I
.2

3
t
2
2
2

I
2

¡é 2
I
I
3

ü\o

a

a

t

a

IO"0e3 0 002OaZ 0"I 0"1 0e 2 0"2 0o2 0
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Table l39.-fÞpleted gectÅor¡al ûe1n of ltediclne Creek betreen the Da¡r Stte s¡d the l{ouùlt

Unit -

1929 0.1
Iglo .2

0.1 Q.2 0,2 O.2 0.1- o
.2 .2 a? a? .b

.2 .I

.2
r.7
2,7

0.1
0.l¿

CI.1
.3

o.a 0,2 0.2

t

a

t911
]t932
19)3
1931¡
1;935

]i936
193?
1918
rt39
191¡o

l9l¡1
19ù2
r9l¡l
1gtl¡
letS

1916
19ü?

2
2
2
2
2

2
2
2
2
2

10
.l

.l
rl

a

I

a

a

a

.2
,2
¡1
¿4
.2

a?
.2
.2
.2
.2

,2
.)
.)
.2
,2

.3

.1

.2

.2

.2

re

.e

.1

.2

.2

.2

1.8
2.0
2.h
1,7
3.J

lr.2
1t?
L?
3.6
2.8

I
3

2

0
a

0
o.

o

a 2
1
3
I
2

a

I

a

a

a

Ç2

,2
.1
.1

a

a

a

a

a

a

a

a

a

a

¡4 a, I
.20

.)
.g a?

3I

1
l¡
2
?

I
I
1

a

I

a

I

a

)
I

0 0
0

0

1
I

$r

2
L
I
1
I

2
1
I
I
2

I

a

I

¡

.1

.1

.l
.L
.I
.2
.2
rl
.2
.1

.1

.1

.l

.1

.1

.2
J
.r
.1
.1

00

.6

.3

.1

.l¡

.t

'¡¡.2
0

2
5
2
3
2

.2rl.2

3
I
3
1
1

?
l
1
l¡
I

1
J
I
3

¡
a

a

I

a

t

a

,
¡
a

.8

.5

.3

.t
r.0

.J
3.0

¡
I

a

a

a

o
a

a

.l

.I

.1

.1

.2

.l

.2

.I

.1

.1

.2

1.
1.
1,
1.
2

0

5
I
5I

0

.1 ¡

.30

.2 .3

a1.6
a? .h

.1ho
.1 .3

.1

.1

a

I

I

a

¡

t

a

a

t

a

.3

.1
a?
.2
.2

l
2
2
I
2

.2
1.0

.2
,7
.1

.2 .2 .2

6

I
I
1

ltO .2I I
¡

2
L.1

lvg. O.2 0. o.2 o.J o.3 0.5 0.2 o.1 0,2 0,2 0J 0.2 2r7

KS002480



îabfe ilr0.-Retur¡¡ Elw f¡o¡¡ l?t?n Acres lrr:igated - Canbridge Unlt

o

r,929
1930

0

0.I
0,5
0.7
o.g
1.2

o.?
L.2
0.8
l.o
1.I

0.7
0,7

0.,
0.1¡
0.ó
0.7
1.1

0.6
1.0
o.7
o.g
1.0

o.ó
0.6

1.1¿
0.6

1.1
o.5

11.7
6.5

6.9
6lti(,

11.8
16.5
L2.0

I

a0
1.0
0.1¡

r.3
0.6

0.ó
0.7

7
B

0.? 0.8
0,3 O.l¡

0.5
0.

1.O
O.lr

1.1
0.5

1.J
0.6

f\)o\
}l'

1931
L932rn)
rtSl¡
L9r5

19¡¡f
I9¡r2
191¿3

191¡lr
r9l¡5

].93î

19¡¡o

0.3
0.1¡
0.ó
O.?
1.0

o.6
1.O
0.7
0.9
0.9

o.g
o.J
o.l¡
0.7
0.3

o.6

1.0
o.7
0.9
0.9
o.g

o.3
O.¡¡
0.?
0.J
0.6

1.
0.

1.2
0.8
1.0
1.1
l.o

o.6
0.8
1.0
1.L
0.9

1.3
1.0
1,1
1.3
1.2

o.I
0.6
0.9
0.L
Q.g

0.?
0.9
1.1
1.6
1.0

1.,5
L1
1.3
L.tr

o.5
Q.7
1.0
0.5
Ì.o

l.g
1.3
1.ó
1.7
r.7

1.O
1.0

0.9
1.2
115
2.L
1.3

2.O
l'5
L.?
1.9
1.8

o,6
0.9
I.lr
o.6
I.3

L.1
r.l

o.B
r.2
L.J
1.9
L?

1.9
1.3
1.6
1.?
I.?

0.6
ü.8
1.3
o.6
1.2

1.0
1.0

0.6
o.g
r.1
1.6
1.O

1.5
1,.1
1.3
1.1¡
Ll¡

0'5
0.6
1.0
0.5
1.0

0.8
0.8

0.6
nôU¡U
l.o
1.1¡
o.8

1.3
1.O
1.1
r.3
1.2

0.1¡
0.6
0.9
o.l¡
0r9

L5.5
1J,O
13,8
rr.5
L5.3

7.0
6.9

lo.6
6.5
9$

o

0.h
0,6
O.?
1.I
0.6

I
2
3
I
2

0.
l.
1.
1'
l.

7
9
2
7

a

r:9t6

egrE
Ígzs

1.1¡

o.6
0.8
1.3
o.6
1.2

t.3
0.5
o.8
O.l¿
0.8

o.g
o,3
0.1¡
0.?
0.3

rO
.3
.5
.8
.l¿

I
0
0
0
0

19l¡6
191¡? 0.6

0.6
o,6

o.6
0.7

9.2
9.2

0.?
O.?

O.?
o.6

0.? 0.8
0.? 0,8

I0.0A O. o.? o.6 0.6 o.B o.g o 1.2 L.
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Canbr{.dge Unlt

Water Requirenente

water requlreraenta for the canbrtdge unit thaü ¡rlll creeùe a
denand on Uodiclne Creek Reser:voir Lnclude water requlred for lrrl-
gating lands ln tire qnit¡ watær lost dr¡e to evaporation fr"on the
rêsentolr, and ws,üet lsst ae scepage f,ron the r€aêFÍoir¿

DeterrnLnat'1on g! ir:ågatlon and diversion lgqu]'renents

The dfversLon r.eguírenent for irrigaÈion ls based upon the eon-
sunptlve use of walef by crops¡ the effecþive pneoipitatlon ln tbe
areä, and traneporlntion anÙ farn loasee. These values ',r'ere conpUted
as deect{.bed under dlseussion of tbe Frenchman Unlù'

0onsur¡ptive !!g.--fhe Lowry-'Iohnson method as described tutder
tne flffiáñ-Gfi-frae ueed ln detefîLining ühe consuraptiris use of
'water by crope. Effectlye heat data used 1n detenîlning consunpù1ve
use for ühe Canbrlclge Unit was the mean of three statione as in-
cr.icated below¡

Records at Culbertson, N6br.--table 3O under lleeker-Drdftrrood
Ur¡ft

Records at Curtis, Nebr.--Table 1Oó under Red Ï[lllow Unlt

Records aü Bea'rer C1ùy and Afuna, Nebro-Table llrl under the
Ce¡nbrldge Unit

The distd-butlon of coneulptlve uoe, usfng an annual totsl
based on åversge of the above tàb1es ts shotn i.n table lÀ2'

Preolnltatlon over project artai-An average of the preclpita-
tton ffiaffi] tsble ltr3r üd Orleans, Nebraska,
tabte Llb, çere ueed for the preolpitation over ühe Canbrldge Unlt,
table il¡5. Not aLl prccipi.taùlon falllng on t'he proJect a¡¡ea ls ef-
fective for use by g¡owtng crops, therefore, an adJustnent was Docea-
sar'5r to dsüerrnlne that wtrich wÞu1d ba ooneidered effect'1ve. îheae
adJuot'ments to the recorded precfpltation rprre made in the ssme
¡¡anner as explained under ùhe díscueelon of the Frenelman Unlt. Tt¡E

coraprrted effectlve preclpl.tatlon for tÌ¡e Canbrldge Unlt ls shoÍn ln
tabh ilró.

Co4ggnpt;lve use ¡equir€tnonts of irrigatton g!g.-Th6 consu¡lp-
tive iõTË!ffi'mñis -ãñlunt of the con-
sunptlve uoe requinemente not supplled by effeotlve preoLplüatlon.
Conar:nptive use requlrenents of i¡l'lgation vrate¡ for the Canbr"idç
Ilnit are shown in üab1a il¡?.

Ðiverefon
r.equiffi

raquírementg.-In order to sati sfy the erop Lrrd.getlon
fñecêssáry to dlvert sufflclent addiülona1 waüer to

overcorê transport'ation and fa¡rn losees. Operattono speeiallete of
the Rsgional Offlce have estllnåüed ùhaü ùhe transporùetåon loege¡

2@,
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Ue¡r Jt¡ne Jr¡ly Aug. Sept. ()ct. [ou. [þc. Eot¿tIear Jat¡. Feb' rr-Fr Aprr

lahle Ll¡1.--Cooputations of Sffective lleat and Consuq:tive Uee at Beav¡r Gity and A¡.o8, llebraska

Da¡¡ Deg¡ees
ç9¡gf.rrFttfB

Use in

tezu
1930

27
5lt

120

5l¡8

:
5l¡8

72
22t

161¡
J.72

1r086
Lrll¡6

Ir3o5
L'1t76
Lr25¿
116?8
lrOrl

t,J53
1,L85

1,73L
f,lrlrg
L1629
1rl¡25
1,113

1'2?¡l 1róIL
l'?21¡ ],563

11885 11968
?rîj? 1r7Bó

953 L.?Ss
962 r.r7g8
959 1r?17
20t 1,962
o?l¡ 1'8]8

IrO82 -,
L,o3e 163

1'2¡¡3 IOB
976

trl90 ?lr
1,383 bld
1rO3? 31

988
11153
1'531r
t12Ø
t rù32

1r132
t ,2L3

8e?
I'}18
LrI57

1r101¿
tr3Bo

2,083
ero8o
2r02L
1r0ld¡
rr78g

1r935
rr ?6?
1199O
lt??3
11885

1r?ó1
?roo3

it
115

E7

113

T6
r?8

¿.1¡ó
2.bg

2.5\
2.9!
2.55
2.?3
2.1¡ó

2,56
2,57
2.69
2.62
2.6U

e.óo
2,50

-
lor286
I0rl¡90

1Or833
1Or36l
1Or863
u,o!8
10,281¡

2.50
¿,.fi
2.I¡J
2.Þ
2.1ù

$' 53L
1or 5ól
10,13ó

91989
tor182

ltr?13
sr 5L1

r931
t93,2
r933
r93h
r9l5

*.rt36
ðaz

19lBc/
rg3g-
191¡O

ltl¿].
19h2
191¡3
r9l¡b
tgl¿5

r9h6
L9l!7

932
1,128

no
1r128

909

96L 1,
e8[ 1,

Iro38 Lt
1roo8 I,
L,Ogs r,

IrOll¡
1'173
lrOL?

tú5
990

1.8ot I,
Lr57Z I,
rr932 r,
1'El¡5 2,
1,398 2,

ht¡
5oo
lo8
628
u63

1,
1,
1,
t,
1,

776
ól¡l¡
6)z
6n
7[6

2r2O7
2,00J
1,987
?roft
2,O21

h9? I,860
518 L,959
563 t,938
58? 1,713
19, Lr835

719
b6l¡

1.89?
Lr?7)

1,
I,
1,

Ébz
668
629
TT)
581¡

t¡gr
37|!-
500
536
5Ta

b6l¡
569

l0r9ll
- f1r032

l.L'793
11r329
11'h?O

I,

:
l¡6

626

IrLSl+ I,
I'J95 1'
Lr27L 1,
1'l¡5L 1'
L,2968/ t,
1r23L I,
rr33o 1,

I
I

1,
l,
1,

1,

I

t t

t332
8l¡L

I

t ,

a/
6/

Flon LorY4r-.Iobnson Cr¡rr¡e.
Records from 1931-1937 taken â[ À]$ê, Nebraeka

Records fror¡ 1938-f9l¿6 taken at Beaver City, !,lebrask¡.
Record for No¡ton Kaneas, used.

c/
v

ottI,tt
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Table 1b2.-Dist¡'ibut'ion of Consun¡ltive lJse - Caob¡{dge Unit a/
acre-feet per actt

Deceåfl.ç

,92e
1930

t 9lÉ
191¡7

o.o2
.02

.oJ

.02

.02

.03

.02

.02

.oe

.oJ

.03

.O3

.02

.02

.02

.O?

.02

.02

.02

o.CI5
.05

0.05
.05

.05

.05

.05

.oS

.OS

.O5

.05
,O5
.o5
.05

2.
l¡

2.u5
?. l¡lr
?.1&
2.)5
2.)'¡

0.12 0. 0
.12

.12

.E

.12

.13

.12

.20

.20

.?1

.20

.2A

,12
,L2.
.12
.L2
-12

.20

.20
,19
.lg
.79

r13 .20
-12 .20

1g
1g

a0
19
eo
22
19

2b
2h

25
2b
25
?7
2b

o 0

.25

.?9

.?6

.25

.26

.25
,25
.2b
.23
.1lt

.25 .t5 .[8 .l¡5
"25 .3L .l¡6 .l¡¡

.l¡h

.lrb

.!5

.b3

.l¡5
'l¡8
.h3

,l¡5
.lt5
.l¿7
.l¡6
.L6

. l¡l¡

.hh

.l¡L

.l!2

.[J

.l¡6

.l¡6

.l+?
,L6
.l¡8
.51
.116

.l¡8

.l¡E

.g

.l¡B

.h8

.l¡7

.116

.h6

.l$

.l¿5

03lt
3l¡

35
3L
3s
38
3l¡

35
35
36fi
Jß

3h
3h
3b
t3
33

o .15
.15

.15

.L5
,15
.16
,11¡

.15

.15

.16

.L5

.15

.15

.15

.1,5

.l¡

.l[

.15

.t5

29
29

30
29
30
)2
?9

3o
30lr
30
l1

29
29
29
28
28

3o
29

0 0.07
.07

.07

.0?

.08

.08

.o7

.oB

.08

.08

.08
,08

,07
.0?
.0?
.0?
.07

l¡Z
Lre

l¡9
l+1

ta
68
l¡o

2,5t
2.5L
2,61.
2.511
2.96

TÐ

F

1931
L9J2
1933
le)ù
L935

L936
L937
1938
r9l9
r9ùo

19br
rghe
r9L3
1gblr
191+5

.o5

.05

.A9

.O5
,Os

.aS

.05

.05

.05
,o5

"o5.o5
,05
.05
,o5

D

I

a

I

a

Þ

a

a

o

a

a

a

t

t

a

a

a

a

2,
2'
2,
2.
2.

a

a

tI

a

aI
a

aa

a

a

13
r3
I3
1l
13

a

a

a

a

a

.05

.05

.05

.05

.05a

.O,

.05 a

.08

.07
.05
,05

2.5L
2.1¿lr

-Àvg.

g/ Use near¡ of records at Culbertson, Curtis, and Àl'n¡ ln Nebraska.

o.o2 o.o5 0.12 o.20 a.25 Q.35 0.lr? o.l¡5 0.30 o.l5 0.0? o.05 2.b8
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leble lùJ.-Precipitatfon at Canbridge, Nebraska-Inches 1/

a

Ln9
1930

2.O0
o.76

o.50
r.02
o.3g
I.JI
O.lr0

O.Ol¡
o.53

0.ol
o.æ

2.61
7.3L

I.l¡0
1.02
L.2l¡
0.80
o.62

o.g?2/
0.63
2.Og
1.11
0.37

,.tj
3.6L
l¡.ó9
E.og
2.62

0.10
2.27

2.68
\.55

3.b3
6.03

o.lrb
1.97

7.96
o,25
7.9j
1.26
3.72

0
o.30

0.10
o.38
1.26
0.1¡5
0.15

a.5g
0.17
0.12
0.91
L.oh

L,5g
o.50
o.10
o,29
0.91

20.ç2
]L.69

?0¡20
L5'.77
22.89
l:6.65
21.1¡l¡

1l¡.1¡6
L9.12
LB.2?
1ó.88
L5.92

27.73
2J.97
19.b2
38.31
18.60

5.13
u,76

0.1¡O
o.75

3.30
O.l¡5
t.5g

I
3

a

a

1.F
2.fr

Le
06

53
29

L.?6 2.
l.d¡ l¡.

$r-

r9l1
r932
L9J3
1931r
L935

rt3ó
t93?
r938
L919
f9¡¡0

19¡¡r
19h2
r.9l¡3
191¡¡¡
191¡5

r9l¡6
Iglr?

o.10
o.80
0
o
0

1.02
0.1¡5
0.35
2.L6

o.oE
o.65

0.90
0.r0
o.20
0,80
0.1¡5

o.zjF/
o.15
0.18
O.l¡7
O.l¿8

2.01¡
L.15
2.gb
1.62

l0.Ló

3.27
,.fr
r.3ó
).fr
2.2r

r.$e/
)r?5
1.10
5.b7
1.91

l+1
25

92

o.90
L.ó6
r.2ó
3.22
L.gg

r.83
2.le
1.30
0.1+3
2.16

l¡.21¿

3.68
J'lr0
0.0r
2.36

l.3l¡
2.93

O.Bó
0.1¡5
0
0.88
0.21r

0.11¿
1.bI
0006
0.o2
Q.92

0.1¡5
o.gL
o.lr8
0,rc
Q.?g

8.88
0.ó8

2,60
0.16
I
2.9?
1.01+

T
o.10
0,05
0
0.?r

0.51¡
a.66
o.13
2.01¡
0.J3

o
0.86

o.log/
1.69
1,.33
1.09
e,[o

o.l¡5
o.p
0.2?
o.T2
o.?2

)
2
o
L
2

0.35
o. ?g
o.?6
2.1L
o.38o.6?

ê.
l¡.
3.
2.

6.64/

r.77
3.O5
?.12
1,?0
T

1.1¡fg/ o.
2.b2 lr,
lr.30 2.
1.91 l.
1.91¡ 0.

2.26
L.g6
2.1r3
7.??
o.8g

l¡.ol¡
2.76

og
85
1l¡
t9

38
2g
6B
62
8B

ew
?9
62
ór
l¡B

6
92
97
90
e5

.05
7e

2.gB
1.21¡

1,8L
0.?r'O

t

¡

a

a

a

a

a

a

7
5
3
6
J

0.
2.
?.
2.
2,

5.lr0
2,38

l.8g
o.6&

o.It 32.r)
O.lr8 2L.Ð

o o. .?0 2 é¡ 2 1 O. 21.88
a

Averaç of l,fcCook, Ooeper, Bearrer City.
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t¡h'l¿ l¡l¡.-IltÞcipitatl'on at Orl.ea¡rs¡ Nebraska L/

L929
r930

1931
t932
L933
L93l¡
L935

L9fi
L93'l
1938
L939
191¡o

191¡1
I9l¡2
19l¡3
rel!/{E./
Lettã/

0
o,80

0
1,90
o
0.10
o.2t

0.10 0
1.20 0
o.25 0
o,?o 0
1.00 0

1.20 0
o.35 0
o.10 0
1,J7 0
0.611 0

0.60 To.zt 0

2.10
1.90
o.b0
L.35
o.50

t - Inches

1.36 J.l3
l¡.1¡O z.Os

2.?g
t.55
1.33
1.31
o.T7

r.00
3.27
1.61
5.3?
r.30

1,90
Q.7?
0
0.37
o.75

).97
1,60
2.1¡l¡
0.38
1.71

2.52
6.27
0'7I
0.!B
1.28

l¡.?l¡ 5.58
0.60 1.71

?1r

r.90
0.óo
L.50
o.69
o.50

o.25
L.92
L.2?
1.12
1.32

0.?0
l,88
0.70
1..50
0"30

L.ll
0.1r2

3.[B
t.66

3.22
r.81
5.65
1.ro
1.13

0, ?l¡
o.b]-
2.91
l.gg
0.89

l¿,8?
3.L9
Llo
7 r22
L.g5

0.80
5.oi

h.lú
1.1+3

b.7t
t.b3
3.85

O.Bé
2.96
j.5g
?.b5
0.Bg

9.99
l¡.19
L??
2,38
1.J8

97

2.6A
0
o.90
1.80
1.50

0.05
0.10
0
CI

L.lo

Lo7
0,65
oreS
1.36

0.1¡0
1.b5
0.80
o

0.80
o.05
0.10
0.þ
0,70

1.00
0.90
o.lo
o.26
0.81

il¡
a.7g

L9.52
32.0b

l:5.57
19.Olt
19.09
L7.)9
Lg.?9

3B,OO
26'.n
18.15
26.TQ
18,þ

29,g)
e1.90

t.?l¡
lr,e3

L
ç

2,O5
o.?g

1.83
J.bl
2.8L
1, ]B
2.ó8

2L,b3
2Q,5?
22.56
ló.1¡9
2).7/.t

o.3tl.g6 1-3e
2.'lo L.10
2.98 .0.83
1.0? 5.L3
?.29 b.52

aa

I
2

?1.
8[

0
o

65

&r

o

r.ó2
1.1¿2

0
L.53
0
0
1.63

0.90
o.3r
o,12
1.O9
0.31¡

5,lrt
t.25

o,g2
2:b6
r.59
0,98
b,59

27
30

ó.1¡l
2.gL
l¡.?8
2.93
l¡.f¿

.l¡5
,?0
.5'
.95
,þ

.7O

.55

.60

.92
,36

.10

.2\

2.lrf
1.87
o.62
1.7r
2.8)

10.18
6.N
5.81
2.39
L.J1

6.1¡6
o.h3
2.2t.+
(>,lz
1.1¡O

L9l$e/
Lglr?-{

o.35 0
0.19 0

T 5.15 2.1¡ 3.
1.98 2.'lo LJO 2.

a

IÞta published þ lI. S. F.eattær Bufeau.
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Tall¡ lJr5--,lvtrage of Preci.pitdion at Cabridge and Orleans, l[ebraska

Inches

1911
L932
L93)
1931¡
L935

1916
L937
1?J8l, L93g
19L0

191¡I
r9h2
uh3
191ù
1eLs

Feb. trÍar.

0.01
.10

2.60
0.53
1.51r
0.32
0.68

o.3b
o.lr3
O.3ó
o.7r
0.1¡9

0.I8
1.E0
1.30
L.l0
1.86

o.60
O.?8
0.1¡9
1.12
o.38

o.52
1.33
0.?3
1.90
0r3b

.00 ?,29

.12 b.8o
,96 1,09
.3lr l¡.Ja
.?t 3.37

2,O2 ?.)3
b.b? 2,67

2'.8
2'JA
r.73
1.25
0.38

1.38 2
0.61 0

o.0?
1.h7
0,03
o.ol
1.28

o¡ó?
o¡57
0.30
s.80
o.32

T
I

T,5T O

2.7J o,l5

2

o.o3
0.10
0.03
0
0.90

0.69
0 ¡11
0¡11
O.?1
O.8?

0.81
0.66
o.2o
1.70
o,r7

L.29
O.70
o.10
O t27
0.86

fear

L929
1930

O.20
O.77

0.05
t.35
o
o,o5
o.L2

0.3?
0,95
0.26
o.7l
o.86

I..IL
0.1¡O
o.22
L.76
o.ó5

3.01+
6.1¡8

2.31
1.lr1
l¡.9¡¡
0,95
0.87

0.85
O r52
2,50
L.55
0,63

5.10
3.hO
l+.9Q
7.6
3,71t

0.05
2,L3

0.6?
3.çL

3o?l
,8U

6.iz
1.35
3.78

.90
1.87
J.10
2.03
.69

3.33
3.65
2.37
2.59
2.r5

1.90
1.02

L.37
2,53
2.01¡
2.30
2.33

2.90
L.86
1.8?
.l¡Ì

1.93

3,38
h,gE
2.O5

.2h
1.82

3.99
b.95

fdal

20,02
,rr86

2?r32
r8J6
22'.73
L6.57
2?..59

32.8ó
2r.u7
19.79
32.50
Lg,r5

31.03
2L.tg

a a

1

1
1
o
t
0

.30

'51
.50
.20
.3O
.o8
.lr8

3.1ù
L,5o

2
2
2
1
I

,60
.08
.b5
.36

oo
0
o

o
o
I
o

.23
,39
.J6
.ó3
.08

.62

.5o r,2? o

l\)
-s.

6.52 r?.tfi 3
l¡.82 I
3.03 5j,25 I
2.89
2.o8
o.65
3.16
2.85

,o9 l.u
.26 2.1¡L
.35 ?.95
.!J L.l¡[
.61 3.26

b.36
I.20
2.3b
6.?1
r,15

15.01
19.18
$.69
U.r3
17.63

8.80
5.72
l¡.L3
b,5g
l¡,u

1gL6 0,21
1gb7 0.b2

o.o7 r.71
0 J8 0.56

o
0

5.27
2.51t

z,?g 3,66 ).65 L.oh
'1.L6 2.53 .95 1.?6 .20 1.33

.o5

.63
.23 2.30

a a o l.o0 2.
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Tab1e tlr6.-gffective Average Preeipitd, ion of Canbridge and Orleans (CanUridge llnit)

(Unit - Feet)
SePt, Oct. l{ov¡ IÞQ¡ lotal

.22 .cL 0
11

0012 0 I.51
2.Il
1,71
L.35
L.55
Lr25
1,39

1.O1
l.blr
1.3ó
1.2L
l.rl¡

L929
19¡O

0.02
.06

O.22
.3h

o

a.25 o
,30

0.1.8
.20

.09

.19

.22

.11

.2h

0.05
.25

0.26
.32

¡11

,05
.oùr

.o5

L5
08

0

'8ó.07
.3ll
rL0
.27

.O7

.27

.23

.16
,05

.2lr

.ú

.18

.r9
,U

.08

.18

.18

.13
,10
.03

,29
.o9
.L8
.3!
.w

.26

.19

.1ó

.30

J8
r31
,09
¡?9
.2b

.09

.?b

.11
J3
.L2

,31¡
.J3
,30
r3O
.28

,21
.3ü

.r5
,16
.22
¡10

'31¿

.3¡¡

.19
.31
.22
.2lr

,??
.16
,05
.23
.21

.32

0.1O
,Oh

¡12
,09
r0?
.09
.0b

.03
,03
.03
.06
.01¡

.05
,0ó
.0b
.09
.03

,CL
.03

o

.11

.OL

.O?

.o?

.0?
r06
.CI?

.09

.0,

.02

.1lr

.o5

.OZ

.03
01
l¡l¡

2
1

.O1

.o2
rO3
r11
.05
rOl

,06
rOI
.01
.06
.0?

.10

.06

.01

.04

.o?

.05

,?o

.20

.01
r0L
.18
.10

r01

.07

,o7
,05
.02
.I3
.01

.18

.1O

a

a01

20
CIl¡

12
03
ot

.01
Ilr
10
0g

.lb

.0b

.1O

.06

.15

.03

.13

a

r11
.19
.L6
.r8
.18

L8
11
32
08
07

.0?

.oh

.19

.12

.05

.VZ

.25

.JI

.3b

.26

a

a

a

a

¡

a

a

a

I

o

o
0

1931
L932
L93}
19ll¡
]t935

i

a

I

o

a

o
o

o
0

r%6
L937 1¡

rL
.03

.?l¡

L6
.t2

.ll¡

a

a

a

1938I L%9
19bo

R
@

2r}s
1.?6
L,35
2.æ
L.37

.L5 JO

,32

0

,05
.ú
.&
.07
.03

.31¡
.09

.Il¿

.26 .?B

r9ü1
L9lû
1913
Lgllle,/
Lettþ/

L9lt6e./
Leb'til .Ol¡ .16 .19

AvE. 0"08 0.18 0.22

g/ Precipitatlon records averege of Alna and Canbridgeo

1.51¡o.zh 0.u 0.19 0.1ó 0.09 0.08 0O.Olr 0.05 .Olr
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labLE il¡?.-.,Consunpttve Uae Requlrenenta of Xrrlgation Ifate¡
Carnbrldge Unlt

agre 1

ïear Àor.a/ unv ¡/ June Julv Seot. lotalI

L929
1930
1,91]-
L932
r933
1931¡
t935
L916
r93?
1918
L939
I9l¡0
ltl¡I
r9l¡2
191¡,
r.9l¡l¡
191¿5
1tl¡6
191¡7

.0L
0
0
o
0

,18
.11
.2L
.18
.ll
.il+
.X?
0
0
0
0
0

.21¡
o

.39

.19

.19

.3ó

.1I

.39

.16

.38

.18

.?l¡

.30

.bI
¡2O
.18
.26
.12
.26
.19
.36

L.gz
.hó
.62

'881.05
1.51

.91
1.1¡lr
L,03
1.4¡
L.39
1.30
.l¡l¡
.62
.99
.l¿5
,93
.78
.79

o
0

,01¡
.l¡)
.r5
.11.
¡trO
,trI¡
.01¡
.1ó
.15
.6
.I0
r07
.r3
.O?
,11
o

.0ó

.1li

.21

.19
rlO
.Il¿
'Iltr11
.08
.16
,L?
,27
.16
.05
0

.13

.26

.lL

.oe
,L,

.28

.oó

.20

.28

.19

'l¡l.b3
.39
&9
.28
.J7
.21¡
.09
.37
.28
0

.36
,2?
,22

.18
0
0

.03

.26

.o9
o

.21¡

.11
,25
.03
.21¡
0
0

.0b
0

.Q5
,11
o

t@
o
0

.0I

.01¿

.20
0
o

.O?

.03

.09

.03
0
0

.t5
0

.0I
0
o

ll

2/

Àverege ro7 ¡UJ tUl ,2-( tZÞ ¡I4 .gö tYlI

Includee one-half of por.tlon ôf ¡lûv,-Uar. requlrement not nèt by th€
preetpltåti.on f,or that period.

æ
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Canbrldge UnJ,t

rrill be 25 gercent of the dlverslons at the head of the cenal and thc
fara losaee wtLL be 30 peroônù of the amount dellve¡ed to the fert
üu¡n-out. The eonsnnpùlve U¡E requirement of lrrigatlon water wes
mulùlpJ.ied by 100 percent over 10O percenü lees þ peroent for the
farm loeg to dete:mine the fa¡m dellvolTr requlrenent.

Traneportatlon Loegoa 1n tt¡e distrlbution syet€n lnclude ìrat€l
coneuned by evaporatlon, tranaplratLon by planto g"owlng along the
canaL, and eeepage or peroolatlon. The 4tverelon reguirenenta 1n
acæ-feet per aett, table ü8, nre¡e c@Futed by nuIüiplylng the Jerm
deltræ¡:¡ reqtrirenent by 1O0 Percsnù o¡er lO0 percenü lege the 25
percent tranrportatlon Iose.

Dlverslons rt11 be nade et Carnbrldge Dlverslon Do for ùhe 1r-
rlg¿tlon of ùhe entl.t€ a¡ea of L7 t23O ac¡ea rurder tt¡e CanbrldgB Unit.
Thã diverelon requlreroente ln LrOOO ac¡€-foetr table il¡9r rmre ob-
telned by ¡¡ultlplÉng L7Í3O times the dlvere{on requf.rement in
asæ-feet per acrer t¡ble ilr8.

Evaporaülon fron rese¡gglr

the evaporatlan reùe fron ldediclne Cruek Reserroir rvas dèter-
r,rtned by using ths ssrie genelal prooedure aa ras uged for determinlng
the evaporetfon rate fro¡¡ Endens Rêsetsofr,

Gro¡s evaporat^ioo.-Tha eveporatlon Éoordg at North Plat't€,

-

uebraÐcorrecEflõ free rrst€r surfaee, üabLe 3? 2 verø ueed as a
basie for rletsrnl,nins the ovaporati,on'rote aü üedlclns CrEek Reaerrolr
fo¡ tJ¡e aontl¡s of Aprll thrcugh 9optaatbefr Â fector doteml¡ed fro¡n
char{s publlohed by the lllnneeota Rscourcea ConÍntasion weg used to
edapt tl¡e Nortù¡ PLatte, lùebraslcar evaporatfono reeo¡ds to the lÍodlelns
Creek RêÊenrolr aæa. l/ The No¡th Plåùte rocords æra nultlplled
by tl¡e foll.orrlng factoie to obtaln ùlæ evaporaüion retÊ fron Medlclne
Creek Bsean¡olr:

Uont'l¡

Aprll
May
June
.ruly
AWusü
Septomber

Fector

1.Ol¡
1.01¡
1.OL
1,05
1.03
1.05

v rrgraporatlon fron l¡akee end Res6rTotrsrrl publlshed Þy lÉnneeota
Rsseryolrs Comnisslon, June l9lr2.

2p
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lebl,c il¡8.-ûiversLon nsquLrÊnonü Canb¡ttdge ltntt
Åcre-fest per ecr€ tlrlgeted

leEr ADr. U¡y rtunê JuLv Àup, 8epù. 0ot. lot¿l

l929
t930

o.o¡
Qi

0
&2

.38

0
.13
.oó
.17
.06

0
0

0.3[
0

0
,06
.l¡g
.I?

0

.!ó
,2L
.l¡8
.a6
,h6

.08

.f.o

.2L

0.53
.Ll
.39
.13
,67
.?8

.1?

.71
,g)

.ó8

.,ba

.Lz

o.21
.l¿0

.36

.19

.?'l

.27

.äI

'].;5,31
,32
.51
,30

,tro
o

o.02
0

o
o
o
.fl¡

0.7t
,i6

,36
.68
,2X
.il2
.30

,72
.31¡
,l¡ó
.97
.78

.38

.31¡

.!g
,2,3
.l¡9

,36
.68

1.91¿
0.8?

o
0

19r1
L93?
w33
r?31¡
r%5

r936
l;g3'l
1938
L939
19ü0

.l¡0

.3lt

.21
,27
.32

.l¡5

.O8'

.00

'19.â8
-21
-¡g

,27
.OE
.30
.28
.09

.82

7u
99
,3
70
ùó

29
5o
2?

0l¡
?s

r X8
1,ó?
2.00
2.8?
l.?3

2.7¿t
1.9ó
.2,36
2,56
2,lfi

.el 0

a

I

a

L9l!2
0
0

1915

0

0 0
.02

o

o

28

o
o
o
0
o

o

Itl¡1

191¡3
L9l¡l¡

O.
l.

a 19
Ð
25
13
e1

8b
18

1,08
0.86
1.?7

1,1¡8
1.50

o
-
a

t

a

a

191¡ó
191¡?

0
.11

1'ðtal
Avp. 0. o.o? 0.16 0-ç1 o.L9 a.26 l.?8

zn
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Tabtra il¡9.--Dtvarslod ñsqui¡enents for 1?r23O Aweç - C'a¡rbridgs l[¡tt,

- 1OOO ec

Lg29
l93A

191¡5

193r,
t932
1933
r93ù
1935

1936
L937
1938
Lr39
1910

19111
L9/,û

0.3
o

o
o
o
5.9
3',6

3,6
h.?
5.5

0

o
1.0
8.1¡
219
o

7,9

1,O
7,?

9.1
L.g

6,5
9.7.

rl.ó
13,1¡
1l¡.1

18¡?
9,,
9.1

12.1
?.?

2.9
L2.2
9.¿
o

-1.1.?

1?.8
6.2

6,2
L[¡l

316
12.¡r
5.2

1.2.1¡
5.9
7.9
9.8

tJ.b

ó.ó
5.9
9.5
l¡.o
9.5

612
Xl.?

6,2
3,3
\,7
b.7
316

2.â
Ê.3

o
2.2
r.o
2.9
1.O

0
o
l¡.8
o
0.3

O.?
o

919 33.Ii
15.o

b.â
6.9

0
o

1.
3.
L.
3.
3,

L
L
5
¡¡'8

o
o.b
l.b
6,1
o

.2

5.2 1ró

b 90.33 2t8B 3l¡.!þ6 lrg.l¡
3 29,8

7
¡r

bl¡2
33.8
l¡o¡ó
l¡b.1
lfi,5

t¡.5
20..1
32,tt
IÀ.8
30.5

2r.5
25.8

316
8,3

1.2
T¡2

o
0

191¡6

rpl¡?

6.9
5.9

5,5
8,8

f,.?
0

191¡1
191¡ll

I

o
o
0
o
o

7,
o

o
0
l.L
o
L.7

3ró
o

¡¡.f
8'6
l¡,7

0.?
5.0

3r3
2.2
lr.3
2rz
1.6

û
1.9

ze
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Records of evaporation ars aot oollected in thle aree tu¡lng ths
wlnter because of freezing weatheri therefore ùhe ratee of evapora-
tion for the wl-nter tûonthã ïere used as dete¡Tl¡ed fro¡n the Ulnneaota
Reaources Comission charts. V Theee rstes are as follows:

Canbrf.dge Unlt

Evaporaütoa raùe in lnches

l¡.8o
2.70
L.2,
L.o0
L,25
2.?5

Monülr

October
Novarnber
Decsnber
Januar'¡r
Febnrary
l[arch

the gross evaporatllon rates conputed f,or lledlcine Creek Rese¡¡lotr
are ehown in table 150.

Precipltaüi.on over reservoir erea.--Pnecipitation data collectêd
W trr ffiUraska, table lb3, represents
ühe preclpltaùlon faLling over üedlclne Creek Reeervolr.

Net reeeir¡oir evaporatlon.--1¡e net resenvolr evaporatlon ls the
¿iffeEãcãTã-' îüEüFe.aiã-pßat oonsurnptive usee fro¡¡ the rêser-
voir a!ee. For thl-e stu{y the past coneunptlve use is esùimeted ùo
be equal to the precipiüation over the reeen¡oir erea. Íhe net evapo-
raùion over ühe rese¡rroir area, teb].e 151, ls tl¡e dlfferrence beùwgen
the groas evaporation rate, table L50, üd tha precipitatLon oven the
resen¡oi.r area, table ilr3. The water loss f¡om the reeen¡olr ütrrough
evaporaülon 1e considered to take place at the ea¡ne ret€ as ü¡e net
¡esewolr evaporation.

1o facLlltate conputations necesoaly to detetmí¡re ùhe a¡nount of
water ]-ost by evaporaülon at diff,erent' ¡reservoir capaoities and at
different evaporation rates in the nonthþ resemoir operatlons¡ a
chart, exhibit þ, ehorrlng evaporatlon losees at varloue reseñolr
contents and various evaporation raües çes uged.

Seepage

Seepage lssses fnor¡ tùe resen¡oir were esùlr¿ted by geologieùo
of the Regional Office of Region ? and of the t(ansas Rlver Disùrlcù
to range frorn 0 to 3 sscond-feeù. This esùinate rras based on geologlc
and conetn¡etion data. For the operaÈfon study a constanü raùe of J
seoond-feet rrag used' ?his anounùs to about 200 acr^e-feet, per month.

W¿üer Uùilizatton

An operaLion study shovrlng ùhe water delLvery on a nonth\y basla
has been made to detennlne t'he adequacy of, the water Bupply avell-
able for developnenù of ühe Canbridge Unit. The operation stu{y wao

y rbid sÍ,
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Table l5g.-G¡oss Êrraporaùion at Medlci¡e Creek Feservol¡ 2/ (fncf¡es)

t929
1930

1.OO
L00

1,.o0
1.00
1.00
LOO
1.@

r.00
1.00
I.00
r.oo
1.OO

2.25
?,?9

2.?s
2.29
2.25
2.25
2.25

t
ét

2.

5.21+
l¡.21

l¡.h?
5.32
6.o'
ó.lg
.l¿.8?

5.Lg
l¡.93
b,3b
\,75
h.70

3.Bg
3.90
5.6?
3.01
3.87

5.39
5.6r

6.65
7.53
5.76
9.38
l'r119

5.82
ó.ldr
5.fl
7.Ió
7.7r

5.78
l¿.73

ó.1¡l¡
6.01r

E.02
ó.83
g.b7

lo.J5
9.76

8.go
ó.70
7.?Q
g.L9
9.76

6.?7
5.78
6.8?
7.O3
5.96

l¡.12
!.?5

6rl9

?.10
6.fu
5.21r
8.88
6.b6

6.a8
l¿.f?
6¡ùe

L.8o
l¡.Bo

ö0
80
8o
80

J.bú0
L.8o
l¡,80
l¿. u0
l¡.80

l¿.80
l¡,Bo
l¡.80
b.bo
l¡.8o

l¿.80
l¡.8o

2.70
2.70

?.70
2.?0
?.70
217A
2.?o

2,7Q
e.?0
e.?0
2.7A
2.70

2.70
2.?0
2.70
2.?O
?.70

?.7A
2.7A

r,25
r.25

1.25
l.?5
Lr25
L.25
L25

L.?,
L.25
L.25
L.25
1re5

51,10
L8.29

58,.18
55.55
57.,31t
ó?.u
5L.L7

60.92
56'.o3
55,93
6-3.1¡o
60.25

51.I¡L
ìfl'.55
52.88
50.33
l¡6.87

52.7b
l¡8.21

.38
25
25

a

I

1
1

t.82
8.o5

7
6
.8L

8.Jl
7.ll
5.7b
9.33
ftrt

193I
t932
1933
1931¡
r%5

1936
193?
¡938
1939
rgLo

19!r
191¡2
Ltl¡3
19l¡l¡
19t¡5

19L6
19[?

l.oo
L00
1.m
1.00
l.oo

1.25
L.25
1.25
L.25
L.25

1.25
L.25
L.25
L.2t
L?5

L.25
L.2t

lo.lJ
g.b?

10.52
1.3.12
9.67

1L5l¡
9.1r3
9.92

11.3ó
1o.38

7.92
7.75
8.6ó
'1r53
ó.80

9J2
g.?g

10.¡?
8.81
7.99

7.56
6r?8
'1.53

7.21t
6.27

.55

.18

.55
,51

r.25
L.2t
L.2ç
L.25
L.25

.óJ

.ô8

L.25
L,25

5I
5
6

.22

.98
5o
30

7
6
6
5

l+.
lr.
l¡.
l¡.
¡¡,80

Nll+

5
3

25
25
?,
25
2s

25
?5
25
25
25

25
25

2.
2.

1.25
r.25
L.25
L.25
1.25

2t
2.
2.
?.
2.

6.27
5.92
l¡.51¡
6.ól¡
5.?b

l.oo
1.OO

2.
2.

a 7.3,6
5.89

7
7

8133
6.9b

.30

.I2

1.00 t.çÉ, 7.ú Bo z.2. )< I' ?(r ó-'t1 z-16 o ?a q-ee [. ?o 21 6g-501.aa

a/ Oct. - ltra¡, eatüûatæld fron Meyerrs nnpar Otåer nontås based otl correction fectors for records eü
'r North platte, Nebr. (l.Ob fár A¡lr,r-1.Olr for May, 1.0! for Jr¡na, I.05 for Julyr 1103 for Aug., and

105 for SepL)
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lable 151. llet EVaporaùion aü lledieine Creek Reservolr g/
( fnctres)

ïear . Feb. lfiårr åpr. li{ay Jr¡ne .luly Aug . Sept. Oct. l{oy. DBC.

tg29 0.60 -o.75 2.2\ 2.63 A.26 3.76 7.29 ?.1¡O 2.36 e.3l¿ 1.20 L.25 10.581g30 o.2ç o.L9 2.ú -3.1o 0.85 ]-hg b.?6 l¡.1¡1 3.5r 0.?b o.z0 o.?5 16.60

193r
r9t2
L913
I93l¡
L935

t936
1937

-r938

191¡2

19ll6
19b7

o,90
o.20
1.00
1.00
l.oo

o.55
oJo
o.73
o.?8
o.28

-o.o2
o.5t
o.65

-1.16
o.33

0,35
o.75
1.O5
o.l¡5
o.80

1.O2
l..lo
1.O?
o.?8
o.?7

o.75
o.23
0,8?

4.06
o.85

r.21
o.'12

-1.o5
L.80
o.67
2.25
1.39

2.L5
o.56
o.ge
l.16

-o.15

1.go
1.16
1.1+9

-o.06
1.87

3.rl
l¿.3û
1,8r
,,39
l¡,aO

L.?2
l¡.30
2.2t
3.61t
b,33

-I.l¿l¡
o.29
0.93

-5.08
L.25

[.61
5,98
2,42
7.?6

-5,97

-0.80
l+.J5
0.L6
b.CI2
5å?

I!.75
1.3J
8.II
ó.95
3.5t

8.)6
5,|.J2
8.1Ð

I1.92
9.67

L0.13
7.01
5.62
g.l$
8.|¡U

\.29
l¡.t8

5.35
7.72

-2.L9
9.07
\.r'l
B.I8
3.99
7.55
7.2o
7.tL

6,90
3,86
\.56
l¡.3b
3,32

0,10
2.5b
2.70

4.22
1.66

2.16
2.01¡
2rr7
o.6
2.37

L.l5
0.87

-O.01
0.80
1.10

'o.3L
o.75
1.15
o,g6
0.31r

f .il.t
o.77

38.18
39,78
3l¡.1¿5
50,hg
29.?)

l¡6.b6
36.IL
37.66
lú.52
l¡l¡.?3

23,?L
23.59
33.1ó
12.02
28.2?

6.65
b,92

29
8
?0

3
l¡

L

.9lt

.35

.80
).y2
l¡J6

5
2

3

a

I

a

fuì¡vt

7,72
j,b5
6.h
3.72
7.gt

-1,I1¡
0.53
3.?7
O.2lr
l.6l¡

o.38 3.93
2.35 {.ilr

5.27
l¡.38
3.91t
g.L5
l¡.30

2.0L
o,[9
3.06
5.62
3.52

1.9ó
3.19

b.6
3.39
l+.71¡
l¡'?8
3.08

b.35
3.96
b.3?
L.30
lr.5t

2
¿

2
2
1

.?0 0.6ó

.60 1.o8.6 r.13

.?0 0,31¡
,99 O.?l

\Ðg
f9l¡0

t9l¡1

l.9l¡3
19¡¡l¡
19h5

.89

.63

.86
r@
.36

,
5
6
0
ç

2

3
3
2
2

.66

.79

.23

.2b

.91

o
0

.92

.39
o.ü¡. 9.1¡oL.55 1.03

2Q.61
26.92

28
l¿6

,33
.31¡

5
7

-b.o8 4.
bJ? 1.

Avg. O.l¡? 0.66 1.19 z.e7 2.1¡8 ).58 6. ç1?8 5. 3.go 3.t6 1.6? O.?t 32,,6

2/ Orocs eyaporatlon less precipitatíon at Cebridge, tlebúas*a.- ffegattw values indicate the anoru¡t tôat preclpitatlm exceeded gFoss evaporation.
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Canbrtdge Untt

based upon water supply and cllmatlc condltlons a:d.st1ng during tln
perlod 1929 thrsWh L9l¿7. Thís per{.od includee ü}re lO-year perlodt
vlhich ie sonsldered to be the most crttical per.f.odr wlth respect to
neter supplï¡ t'l¡at hae been e:perlenced eince records nera flr:st
establisbed for thls area.

Resenroir operationa

lhe operaülon otudy ls baeed upon condf.tLons e:çeotæd ùo exi.at
ln l{edlci¡e'Creek Reser"uoir after ff yaare of use at' ntriclr ttme tt le
eeti¡nated ùhat tt¡e lnltial actlve ir¡{.gatlon etoraga capacity of
3l¡r0@ ae¡e-.feet rrtIl be reduced to 2l+r200 acr€-3eot. this decresse
1n storage capaclty rrill occur because of the accunulation of sedl-
ment¡ 15r@O aere-feet for f0 yeara, irr the irrd.gatS,on and dead
storage poole, The amount of uater assuned to be evailable for de-
velopnent of lrr'5.gatlon ln ühe unLü 'was det€mined efter allowing
for depleùiona cauged by all water uge ühat rrill occur because of,
estjrated futuræ developnents upstream fro¡n the Carnbridge Ðlversion
De¡n.

Teble 152 shovrs ùhe conputatlon ¡nade in tilrc operations sbu{r for
the Cambridge Unlt. The folLoulng operation orlter.i.a uere used in
maklng t'he operation atu{r:

L Metihod of oeating lrrlgaùion dsü¡r¡ds.

â¡ Sectlonal gains a¡rd water not used Þy upsürearn
deveLopnente whl.sh rrere avallable for dlvereion ¿ü
Canbr{.dge Dlverelon Dau, øxcluding water sùorad fn
I&dÍetne Creek Resetroir, ïe¡E first divertcd to
neet lmlgatlon de¡¡ands.

frrlgatíon denands noù nreü by the above water were
net by neleeges from Medlclne Creek Resern¡olr.

2. Iìequtrsnents for oüher than irrlgation,demande.

ê¡ HLstoricsllìf no negaü1ve secùlonal galna ïer:e re-
cordad tn the secüion of Medlcine Creek between the
dam and Canbr.idge¡ therefore, 1t wae not neceesarg
to n¿ke rsleases fron the reseÍ,r¡oir for arly purpose
other than for irrigation denands.

b. Evaporation losseg trÞro detenrLined ln aocordanse
rctth the resenroir content a¡¡d the monthly evaporation
raüe.

cr Seepage was estinËted to be Z0O acre-fêeb per month.

b

ttT
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Canbrldge Unlü

3. Resei:votr content.

ã¡ The reservolr irrigatlon pooL is fu1l when üt¡e

¡egerrof.¡ reaches a eontænt of 212Ôû aere-feet'
A¡{¡ rrator avallable for etorage after thla sontent
was resched wae spllled.

b, No releaee oouLd be ¡nade fron the re¡erv'oir úen it
rpae drawn down to a eontent of 800 acle-feet.

l¡. Integratiion of operation u¡-lüh oùhet unlte.

E¡ I'fo relesßes fæm upoürean rsgervolre nere ¡¡ade to
helP satisf} denands ln thls unlt.

b, Ns raleaeee vere made to help neet irvtgettón demendE

f¡¡ tha Bosürrlck lliçlsion.

A coler-by-colunn oçlanatlon of t'he sperEtlon otudy' ùebLe
152 fol.lowe:

1. lears artd ¡nonths thmugh wh:!.ctt the operat'J-on otudy
'wae madö (.ta¡ruary tr929-through septe¡nber rgl¡7')

2. The.depleted inf,low' table 1J7' fs the hlstorlc
flow at ldedici¡s Creek Dan less tlæ antíctpated
deplctton by fuüure develo¡xnent above Èhe ¡tser-
voir. thls represent's t'he w¿te:l ¿nail^able f,or
atorrege or ragulallon.

3. Eve¡rorat{on rata in inchee, tablo 151, is the net
reaeryoLr evaporatlon rete.

l¡. Evaporation loas iB obtained by ontorlng t'læ eraPg-
rzllon cbart¡ s'rlÉbrt hI, Trlth êlt ¿vefêge rç9êtï¡01¡
eontirnt dBüet'¡¡ined from colunn 12 and aonputlng ùhe
loss therefron.

5, geePage le eeèt,rated üo bo 3 ¡eeond-feet: 200 ac¡e-
feeü per nonth, and vlas ellowed Ûo pasa downatlean
and was usod in nreeting publLo hEalth and flsh re-
qullemento.

6. Depletød i.nflow of ¡þdlcine C¡æeh seotÍonal galnt
bertween lledlcl¡a C¡tek Da¡¡ and Cs¡ip-ridgp, table IJ9.

'l¡ Flor sf Reprrbltcan Rlvet" at 0anbrld6e Dj.verelon Dm,
a:oludlng flow of, l,ledlclne C¡selt, after developmenù
of upstæarn uhits¡ ùab1e l-3ó.

8. goJ. ó plua Col. 7.

282
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Cenbridge Unlt

9. Total dtve¡aion requir"ements for l7 r23O åcles In thâ
Canbridge Unlt. $ee table ll¡9.

lO, Iþ¡¡rand on t¡¡e ¡t¡ervolr ls that porù1on of, ühe dLr¡ersfon
requlrenents, CoI. 9r noù net by Col. B.

11. Change in rescrrolr content ia computed as foJf.o'trs:
cor.-? - (coI. l¿y' coI. I / caL. ú) - (cot. tl I col. ü).

12, The eontent at the end of the month eqrale ühe conter¡t
et ùh€ end of tha prevLous nonth eo¡rectsd by ths ab¡¡ge
L¡ contenù aa conpuùed ln Col. 11.

13. Shwa auch apf.Il as Dåy be neceesanf to svold ahorlng a
eontent ¿t tJre end of any nonùh (co1. 12) grcater tlran
the st¡¡ of i¡rlgaülon and dead etoregê¡ or 25rWO ecre-
feet,

l¡. Shors auch shortaga (ùiverslon nequiraments noü r¡gt
ln Col. 9) as na¡r be necessa4¡ to evold showtng a
content at tlre end of arly nonth (Cot. 1Z¡ leee th¡n
ül¡a oapeelty of tlre desd atorage of 800 acte-fe€t,

1.5' ìlfsat€ ls that part of Co1. 7 not diverted (excluding
seeP¡gÊ t"* ¿¡s d¡'n).

16. Includeo seepago (.Col. 5)r nest€s (Co1. LJ), and
resenrol.r eptlls (Col. 13).

1?. Reüurn flow conputad for L7r23O acreg ln Canbrldge
Unlù. See tabls 1l¡0.

L8. tllaùorl.caL n¡r¡of,f of, lÞpubLican River at HarLsn
Counùy Dan lees hlatorlcal fl.owg of Prairie Dog C¡reek
nea¡ 1¡lood¡'r¡ff, Sappa Creek (fu,clultlng Eeaver Creek)
at mouüh, and Republ.lcan Rlvar at Cunbrldge. See
üablo 158.

19. Flow paaalng CanbrLclge Unlt, Co}. 16 plus Col. 1l
plus Col. 10.

Flo¡r of Sappa 0r¡eek and Beaver Crsek depteted for
esüj¡eted upstream develo¡mentr.

Col. 19 plus Col, 20.

Rsleases reguíæd to meet r¡lnlJ¡un flor ¿t Orleana as
deto¡mi¡ed by Publlc Health Senrlce¡

23, Flos of, Pralrte Dog Creek depLeted for esùlbat d
upetnram derælopnent e,

2U. Col, 21 plus Col¡ 22 plue eaL, 23t

281
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0a¡¡br{des Unlt

?abLe 153 ar¡¡¡ma¿zsa tlre lladtcine creek Reseiloir operaùion _

study by ya.rã, fhle üable ahoyrs ühat ther€ nculd have been spllle
:.n eveqr ïe¡r of operetloa ffltb an åveregê splll of 32,BOO aç¡e-feet¡

Erhtbtt \2 ta a graprÉc ohart ahorrlng the proposed operation of
i,iedlcjne Çreek lless'volr. ?h¡ee tlydlographs e!ìB ehown on ùtrle chart.
the trydrograph at the ùop of tho cha¡'t, shore the r¡ter that xlll flor
into the leaêmoLr.

?he secoad lrydrograph ehow¡ ths toü¿l ðtvereion thet ntuet ba
nade to meet all, lrrlgation dena¡¡dg. the denands thaù are cuppllod
b6r' r"eeer¡olr storage releasoo and by natural flovr are also ehoiln.

. îhe thtrd þd¡ograph on tl¡!Ê exhlbtt shcnro ths resefl¡olr csnùant
and tJre apllls frct¡ the tçsefitolr.

Roleaseg for Pr¡blLc Health S6¡'vLc .-Stuèies ¡¡eds by the Ptrbllc
nEaltffilEft'ãã months of iune mrougii Sep-
teurber tJ¡ere is ,e rcqulred floÌt of 3 sscond-feet on lledlsiÌ¡e Creek
near Gsnbrlage, Nebrdska, and 25 eecond-feet aü a polnt sbout 3 ril¡s
beLow tùe Junctl-on of Sappa Creek vrLtù¡ the Rapubllcan Rlnerr neer
Orlaane¡ Nãbrast<a, ¡/ fhe allowance of 3 Eeooad-feet for seepage 1ritrl
meet thå requircnen:[ on Medlclne Creek' In srder to neintain a flm
af 29 seêond-feet, (11500 acrÊ-feet per nontrh) at Orleana, releaees
vezt ¡lade frq¡ Medtclhe Creek hegewo r ln the operation stu{y in
Auguet, 193L, AWusü, Septenber¡ and 0cüober ln 191¡3r and 0gtobcr l9bl¡'

ReanLranentg for flah end rrlldll,fe

No tater releases frsn t''he reee¡lrolre for æqulletlente of ftsh
have been mede ln ttrls etucly. In the paat the Republican Rl.r¡er has
clnied u¡r ô¡nir¡S e;rbram\y d¡Jr Bèasoht. Seepage froro the doqg arrd
reùurr¡ flone frorn t¡r'lgated lands are e:çected to sstabllsh e live
str€ârû ab eII ttmes. It 1s antlclpated thst the nlntmw¡ flow re-
quLæmenùs for pribllc health will be sufflclent for flsh h¿bltat
requlremento.

lfater passfng lhe untt gfter dèveloFnent

the estl¡oated flory of t'l¡e Republloan Rlvor paeeing,üho Camb¡{dge
Unlt efter developrnent lc ehoïn tn tabLe 1.58. thia fLos coneleùe of
rrastee fron Ca¡ìnbrldge Dlverslon Dân, Feepage and spllle fron lledLelne
Creek Resernolr, ¡oturn flor¡r fron L7 r23A scres ln the Cafitbrldge Unit,
ar¡d the lnorease ln streån flow on the Republlcan Rlverr betunen
Carnbrddgc ar¡d Herler¡ Corurty Den, tsbLe l5?, (e:rcludlng flowe of
Pratrle Dog Creek, table 15ór and Sappa 0reek end Beaver Creck, t,abf"€
Lr|., Hletortcal flør of the Repub]lcan Rlver ¿t ll¡rlan County Eaur

sft€ le ehovn la table I5L.

nKånsaa Rtver Bagln Water Pollutlon Investlgatlon.rt PubLlo
Hea-Lth Serrioe, ¡r¡¡e 19lr9r p.1?1.v
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lab1e f5l¡.--RcprOUean ßlvrr rü Serlen Gounty Ds! SLts l/l0Ð acre-fect

lc¡r Oct, trot. Dect Jatr. Fsb. Uar. Åtr, lley .ñne úûy lnt. SaFt. fotrl

L929
r930

22.\
16.3

n.o
)'9
5.2

19.2
5.1

18.1
2.1¡
6''9
6.2
o.8

t8.E
)1.\
26.2
1..3

L2.2

r7.?
2?9.6

22.9
?L.o

37,t
11.?
2I¡l
3l¡,?
tl¡.8

2b.6
L7.9
13,8
16.ó
IL.E

t5.9
25.8
3L.7
1Ì.ó
2).9

II.1
l¡O.8

lß.1
2r.o

tt.b
r¡.5
25.6
30.8
25.9

19.5
8.9

25.3
n.5
7.9

21,1¡
2l¡J

13.l¡
25.3

l¡0.O
Slt'.2
20.9
25,O
22',?

il¡,O
3l¡.o
21.3
¡¡,8
15J

Jl,5
t3.0
35J
3O.l¡
31.1

29.ß
J2.b

66.6
26.1

9.3
1?.ó
8.e
5.2

Lt.lt

r!6.ó
[o.2
13.8

185.ù
b8.1

It.8
3r¿
2b.5
26.1¡
l¡8,6
2,.6

ól¡.6

l,?
It?.1
37''3
22.2
2t.6

76.8
56,,9
t.r

fr.,7
tg.3

L7 )t
ts.5

g.L
h5'l¡

l¡J
19.5
9L,,
21.?
&g.a

7.7
25.2
,9.9
o.g

2l.O

6.3rl.l
rl¡.5

,û,x
'Ì.)

163.3
506.t

lû9',6
353J
l¡1O.8

58.3
29.8

21.ó
2r.lt

b5.¡ 5r.6 106.g
b?.? 83.1 131,2

.5
,6
rO
.7
,5

372
396
Lt5
335
z',/,7

3,,
32.)
97',\
)2.?
l+1.¿

tl¡.e
29.2
&5,3
!5.8
26:g

ú,L
20.5
36.0
35.0
a3.lr

31r.8
38.6

L931
1938

1936

uJr
ltr2
1913
19ll¡
L939

52.8
13.1
8.6

zo.9
IL.6

25,'
11.9
11.9
9,5
b.2

1?J
58.9

l¡5.o
l¡2.O
31'9
3t.l
?9.2

l¡l¡,8
3l¡.I
30.8

n.9
gg.3

tl¡?
t9.l+

lÈ.0
26.5
?1.1
8.?

1t8.8

lû.1¡
9ô.2
lJ.2
66.0

tüL.8

5a.6
98.9
EI.l¡

106.ó
69.,2

163.9

75.2
388,8

295.9
902J

806.9
?OIrO
3bEr,ffie
l¡úQ.O

38L.t
L0Éá.7

r.¡ tln9
5 191¡0

191¡1
191¡?
19h3
19Ll¡
t9l¿5

u[6
19b7

e5,?
?8.8

z''.o
7s7.5

tÉ..,5
¡¡8.6

32.1¡&J
35,.9

22.3
22.8
20.9
18.r
¿8.1¡

rl,6
2?.8
Ð.L
B.l

tg.6

l¡a.9
6,7
56',9

112.8
)7.o

2toZ
l¡1'U

137.6
23.8
?1.0
38'9
20.7

59.8
6b,g
22.8
n.3
tl¡.?

[r.o
lù,9

0f .l¡
?t.8

I

2

! e¡noff at Harlaa Cc¡nt¡r Dân Sttß egt¡.æt€d as 9# of tåe n¡mff at Bfæd.¡gtm.

A
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lab1e f55.--fistorical nr¡roff at noutt¡ of
Discharge tn I

Sappa Creek ¡ear ,Stadord, llebraaka a/
,000 acredeet

---@
lear Oct, Ìfor. IÞc. Ien. feb. llar. AIn. lIaV _ June' JulX¡ . Ar¡g. Sep?¡ þal. tr. at llgutù

L9"9 1.6 0
1930 0 0

15.6
o.3
o
o.8
o.2

l¡.2
o.g
o
1.?
o.'l

).3
o,r
o
o
o

?J
o

3.9
o.g
1.0
2.8
o

?.7
0.9
1.0
2.1
o.g

o
3.9

217
3.9
o
O.?
O.?

7.o
o.g

l¡.8
L.2
2.5
3.3
1.b

5.3
2.6
0-?
o.6
0r2

3,0
2,b

7.8
1.8
9.?
L.8
2r3

6.1
lsJ
j.2
ó,8
2.6

8.?
5¡
l¡.5
J.0
g-5
1.O

?8,o

5.b
1.5
L.,

LtJr
2.5

lo.e
23.7

l¡¿
l¿J
1.?
8.9

19J

b,6
25Å
19J
t¡,]
3,i

1l¡
2

.7

.b
o
OJ
8.9

o
11.6
2.lr
L.2
6.lt

L]..ó
u.o
0.8

18.3
3.O

o.3
5.t
o.g
3.2
7.9
3.'î

10.1¡

1J
l¡.1
o.g
o
?.6

2[,lr
6.o
2.6
2.8
0.3

37,.9
l¡9.5

6.6
8l¡.?
)3ó
ãl',lt
76.?

3l¡J
55',L
10.8
32,0
32'J

l¡f,É
7:î

19.o
16J
b6.,

20.1
38.O
22.9
18.2
22.5

l¡.?
25,.It

0.6
5.\

\.2
2.il

o.6
¡r?
0,8
o.5
3û

o.2
o.3

90.6
5r.,\
16'5
?8J
?2.O

1931
L932
1933
19ll¡
t39

{u
æ6

1936
rn?
1938
L9t9
191¡0

0.u
o
o.1
0
o

1.2
o.3
0
o.1
o

Ì.9
0
OJ
0
o

o
b.3
o.2
0
o.2

o.ó l5.l¡0.6 ?J
2.O s.a
1.2 íJgo t.,7

56',9
32.8
9.)

l)rs
6,9

0.3
3,3
?.1
l¡r?

13J

21.6
10.?
L.2

?3rb
15J

126J
w.6
273

rrûù
l¡oJ

191ù
Lglû
19[3
19bl¡
r9l¡9

J,9
1.1¡

o
1.8
1.O
o.1
LJ

o.1
1J
L.5
OJ
1.6

a.2
IJ
1¿
o.ó
1'l¡

0.9
2,0
1,8
0.6
LS

0.3
2,6
r.8
o.8
2.lt

o l¡

Oetober l9?8 tr¡ra¡gb lþrch 1929 ånd July 1912 tluvugb l¡nil 1937 (eücrrp¿ ltey ¡nd Juæ f;rStl be¡ed o¡
comelati,on Éth lncreased dùgcbarge of, fs¡cl¡m¡r ud nêprbüca¡ Rllero ¡t C¡rlbcrtson and Republlcan
Elver rear Bloæilgton. lúEy and &¡¡Ê 1935 besêd ø r1¡¡fatl e*-rel¡tiou-
Apû"iI 1929 tfr¡orrSb June 1932 based o¡ cerelatú.ø rldä Eeaver Cre* rt t¡dell sr¡d SåmB Creek neaF Cberlia;
lßa¡r 191? t¡roqb Deceùer 19t¡f UascA on co¡telatlon rità Sappa ¡*r Besver Creek near Bearrer Cigr.
Otl¡er rnlueg are recæde.

]..lr

o
l-6

1gb6 o.1 o.2 O.3 0.2 O.3 l,b orh 3.2 3.2 D.) O.? 1..3 eâ6 17J
lglr? 59,3 8.6 5,f 3.6 ?,9 ó.? 1,0 3rE 52J 13.6 3.? 1.0 163.6 96.6
åv.

¿

{
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lsble 156.-*ttsto¡{.cal Rrrr-off aù llouth of Pralrie Dog Creek. a/ Dlscharge ln lr0OO acre-feet.

ear

L92g
r9lo

191¡6
191?

o.B
l¡.9

1.O
o
o.2
o
o

0'3
2.O
1.0
o
1,1

o.1
29"3

0
0,1¡

3.8
0.?
0
0.ó
0.2

0
1.1
0.?
o.2
0.9

o.2
3.1

o.I
O.3

1.ó
o.6
o.3
O.?
0.2

O.?
0.9
Or9
o,7
0.9

û.3
1.3

0
L.2

L2
1l¡.8
o
0.2
4.2

o
1.6
0.2
o
o.2

0.ó
0.9
o,g
O.l¡
o.g

2.6
o.8

1.1
L.3
o.8
1.1
0.1¡

1.9
0.9
0.lr
0.3
4.2

OJ
1,1
o.g
O.?
o.g

o.g
l!.7

r.3
1,9

2.2
3.3

9.9
Q.7
5.7
5.1Å
L6

6.o
12.B

I.l¡
1.7
o.B
5.2

10.1¡

?.1¡
23.5
12.1r
uL,g
o.8

l¡5'6
18.9
7.9
7.2
Srr

tl.g
1.6

2,b
3.9

0.9
3.7

r.3
1.?
lþó
2.O
6.2

0.6
3.6
o.8
o
5rL

??¡L
3o2
1,6
l.g
0.1

3L9
35.2

j?,9
30.?
18.1
12.6
39.5

L7.2
l¡0.2
25.9
2O,3
25.\

105.2
6L0
19,5
Aîr¿
27.2

?
l¡

O.
0.

I93I
tt32
1933
1931
193,

193ó
t9i7
r938
t 939
19|to

19bI
19Le
19L3
191¡l¡
t9L5

12.8
I.O
o
o.J
o.f.

L6
O.?
0..J
1.O
0

o.2
1.8

1.8 I.6
1.O 3.2
5.1¡ 516
O.9 O'b
1¡1 - Lì.7

D.6
o.8
0.3
O.2
r.8

9.1
I.2
0
o
5.2

f\t
co\c

Or1
o
o.2
o
0

0.3
0.1
o
o
0

0.2
1.0
o.8
o.2
0.9

1.1
0
0
o
0

7
6

1
6

6.
1.

0.2
0.3
L.ó
o.2
0

2.2
7.9
L6
l¡.6
l.I
o.3
1.J

0.1
1.7
3.7
L8

L?.2

21.J
8.1
o,ô

l¡0.5
ro.9

o
?.U
0r7
O.?
5.3

l¡.3
3'9
0.6

1l¡.1
i.-?

8.2
L2.O
0.8

llr?
oié'

O.l¡
l.?

1.2
69.?

.) o.l¡

.O 2.1!
2.2 2r.6
0.6 122.'l

AV.
192S-L 2. o.7 0.ç 6-( r -1 t-t r-8 h-ß 1L.2 ?-1 1^8 3.1 LO.?7 9

1/ Based, o¡r drainage are relationship wrth State Llne. (fl38 - 111Í)(IdzT )
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t¡ble 15?.-Increase ln htgtorlcal fLcm of, Republlcar¡ Rlver Betweer¡ Canbrlûge Dlvergis¡ Dau and llarlan
Courty Dau Slte S/

(tr¡it-1000 acre-feet
Uãr- ÂorJãn. F'eb-

0.8
0.8

0

0.6
0.2
o.8
0.ó
o.6

tJr
1.1
0r?
0.5
0.5

o.5
o
0.?
o.7
o

0.6
0.6
0.7
o.7
o,6

o.7
o.6
0,6
o,7
0.7

o-B
0.9
1.2
o.g
o.ó

-3.9
-2.'l

2.¡

ì
flct - ilov'

o.ó
o.8

2.?
o.L
O.l¡
O.?
o.6

O¡3
o.3
Q.2
o.J
o

o.5
O.?
O,l¡
0
o.8

-1,6
ó.o

Dec a trev Jnne Julv Ânl¿ SeDù. fæel.a

Ln9
r930

r9l¡6
Itl¡7

o.5
O.lr

0.6
o.5

316
0.5

1.6
r.5
0.1
0.?
0.1¡

0.9
5.L

13r0
20.7

3

0
O.3
J.0
0,5
O.l¿

23.?
7.6

0

-6¡3
2?.L

0
0.5

4.5
0.6
J.6

-O.1
3rT

o
1.6

o
o.2

ll¡[
a.5
l¡.6

0
O¡5
1.1¡
0
1.3

2r8
35.6
-3.1

2r1
o.5

28.ó
2.O

21.6
¡o.g

21.8
?grb
28'.5
I

-61¡

l,616
7.6

l8.o
18.?
lt¡8
8?$

Utl¡.9
12,lt
56.o
50.o

26.2
2lû.6

¡a

0r
!
6o.

2r0 2.7
2.1¡ Ll.7

h.o r.1
Orl¡ O.5
3û 5.r0.6 0'1
0.b -1I5r3

0.6 28J
0.6 0.?
0.9 5.7
L2 O.lr
0.7 o.?

1,1 J.8
8.J l¡.6

2l¡.O L?
25.\ 2.9
1.1 LO

üI
1931
1932
1933
193b
L935

1936
L937
r938
L939
191¡o

191¡1
191¡2
191¡3
19¡¡ù
19!5

9.8
o
0.I
o.ó
o

O.l¿
o
O.2
o.1
o

o.7
1.O

1.2
-2,14.9
4.5
8l¡.9

1,O
0rl,
0.1¡
0.9
0,3

0.6
0.7
o.3
I.0
0.b

0.3
a.7
0.9
0,J
0.ó

-,1¡.8
5.L

l.o
l7r0
o.2
l¡r0

6?,2

3.8
3.0
312

rl,g
8.,

l¡ó.5
5ó.0
2l+rz
L¡;
lró,3

0.5
IlO.¡l

0rl
0¿?
1.2
0.?
o

10rB
l+.8

,.5
LL.2
-3'0
?.8
Or5

.2
EI

o.1
orb
o
o.l
2.2

5.9
-26.?

1.6
0r?
O,5
1.2
1.1¡

1.1
7.7
1.8
1.1¡

l\¡\oo

0'0

.3I
I.1

4.2 -O.7j.5

Aqg. l¡. ? O.? 0.ç o.2 O. I.? L-r- -î.8 21.3 2,O ?.9 l¡.9 hf .?

Z/ Does not l¡rcl,ude Bqy fIæ of gaPar Beaver or PralrLe Dog Creeka
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Table 158.--Corryuted florr of Rçpr¡bllcar¡ River pasÊ¿trg Cabidge llnit aftær developnent of, propsaed upstreau lnifs,

(Uqit - 100o acre-feeü)
rear Jae. 

=fe., = 
ilff. , +9.,

L929 19.E 15.É ¡¡9.1 29.o l¡llJ ?t!.'l 36.3 1.5 1.6 l¡.o 5.9 8,1 2Bg.gr93o 6,7 1l¡,1¡ 23.1¡ 37,9 76.8 92.i 13.o 1.3 il.r.o 5?.9 lro.? 31.3 116.l

r931
L9t2
r933
r93[
Le35

e8.1
1,r
L.?

29'O
33

13.2
1.8

il¿.2
15.5
1.1¡

g.g
2I.lr
18.1
1,8
6.3

L5.2
20.5

36.5
1.9
\.?

25.5
5.0

13.1¡
13.8
lo.5
u.2
2.0

20.7
28.6

Jg,8
l8.o
16.2
26.8
6.9

36.?
9.1¡

16.l¡
35.3
5.2

15,1
6j.6
73.5
ut.o
23,1

3o
l¡3

.6

.9

l¿?.8

r.8
r.5

r.1J
12rS

2,,6

1,9
37.a

30.6
il¡.1
39,3
1.5

35.0

112.?
1.?

50.2
20.5
l'2.2

l!2.9
bg.t
5.'l

59.b
26.L

)o.g
?8.o
1.lr

?9.2
,a?,2

13.2
13.8
16.2
56.2
31.2

138.0
106.2
3?.7
9l¡.2

136.6

1l¡J
2?1.3

1.O
2.0
5.1-
4.0

28.0

1.1
9.2

l+5.7
le11
35.O

L.l¡
,.3

r[.9
2.L
1.t

l¡2.9
39.L

0
2.9
?.O

35.o
t.t

1.1¡
L.5
2.1
2rL
b.5

2.L
2.3
1.9
1.9
3.6

1.1
r.ó

15,1
8.1

12.8

l¡.5
6.9
5.L
b.3
2.?

1.2
3.1

28.?
?J

12.3

7rÐ
6.Ì
9.?
l¡.9
l¿.¿

2Lr7
2l¡.6
lr.2
L,6
'1.2

211r.9

2W.g
8f .l

1?l¡,1
Vl¡.8
1r.1

176.1
35rJ
2rl{,.9

119.3
lB5¡

r !8,1
20t.2
th\.2
g,6.9

0.b
1.5
1r3
1.9
3.1¡

16.1.
39'lt
1.9
lrS

1.7
T.9

il+.8

l¡l¡0.9
l¡l¡6.8

2l¡.6
6?.1
l¡1.1
79rZ

h¡¡ìÀ{o
tJ

t936
r%?
1930
t939
19¡¡O

191¡1
Lglf,
I9l¿3
l9l¡ü
191¡5

2.2
1l¡.7
12J
3.6
1.9

l¡.8
3.5

75.1
9.5
7.1

6,L
1,2

)2.3
l¡1.6

8.L
-32.1
33.,
2.0

il¡,lr 24.2

?5.L
12.2
o

2'/,.2
r.9

12,0
ó.0

1ó.1
1.6
0
0
O.9

168J

19.b
20.5
0.?
lr.?
6,ô

3?.6191¡ó
19[?

ty18,9
ù2.8

1'2.2 26.6 2t.2 36.0 gt 8.h ü.1 15.1 r[.0 l2.o
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CIIAPTER VI

. urrucrs 6Þ ¡rrrs¡0tf DEYErofuEî¡r
Tt{ ÎIIE IûüSAT' RI98ß DNÀINAü ÅTIEA

DePIetlone

SBblË I59 ar¡¡qnarl¡ee tba depletione t-û the Frencl¡¡na*Cambrldge-
Dlrrlgtonr Íhta table ahms gt lncreage ln the use of reter by ó8r5?O
eßnst anounting to an avGtegs of 8l¡rfOO acre-feet annualþ. thê
total avôregG annu¡f uce, lncluding both Btseau of Reclenatlon proJeot,
Iands and pr{vate deveLopaenù avaragee 9bróÐ sors-f,e€t annuaIly.

Thls ooneunptlve r¡ee of lrtgattron reter la aaoonpll"t*9 tlTorutt
the r¡ss of l3OrOÛO aors-fset of tglgatlon atoraga capaclty 1n ùhe

Dlrrlrlono Îtrlã ccmpares rith l$615æ Bcrc-f€Ët of lrlgat-fo1 eigaç
ãapaelty lequir€d tä ¡'r$ate e tóüal of 1881360 i¡cte5 lnctuded in
thô Br¡¡equ of Reala¡r¡tlon plan for developrrent ln tho dralnag€ 8ro¡
of tIa Rapubllcal Rlvur.

Effsct of Develontent on Boatrrick Dlvtalon

thr davaloprnent of the Frenchm¡n-Canùrldga Dlvlelon ae praaeated
tn ùhl Fl¡¡ of dcvelopnent rould noû' cau¡s lntoler¿ble Éhertagêt^fn
the potãnti.¡ù unlta oi tt¡e Boetillok DÅrrlslon. The operatlon study
for [srtan þornty s¡d LoVemIl Ressrvolre la mada up ln fwo parta.
labl¡ 161 ahora tbe oomputatLons to deterrnlne the total dsnand to be
raet Þ,y tl¡rlsn Cow¡ty Retsrvolr and table 1óO la the oporet$'on study
of tlarl¡n Corrnty ¡¡rd loverelL Regervoira' the operat'lon rÙu{y for
ths Bo¡tftck Dlvlsion 1a bas€d r.çon the depletod lnf,llor to llarlan
County Rc¡ervol¡ ei.lortng for devcl.opnsnt of üho llpper Republlcan
ead lrcæhna¡lpcubnldge Dlvisi.on on the Repubtlcan Rlver pluo develop-
nrnü of th¡ llana¡h¡ Dlr¡tcton on Sâppar lleaTæ, ¡nd FaL¡r1e Ðog Croelcs¡
tlÞ rvsrsgþ afi¡rusl depletlone that rllL be lnourred by devclopntnt
of ths tsriåElra lltvtator¡ ars Ltaüed ln tabl€ 162. T¡bIe 1ó3 ta e
Bunmry rhorlng arnual depletlo¡e thåt rllf be !ær¡rred by developent
of, thc EoatrloI Dlvlctmr

Storage sllocatlons ln the popoeed reeervolrE of the Íanaska
a¡rd Eoeürlck Dlvtslons a¡e ahonn ln table 1ól¡ the potentlal poject
areas tn tho l[enaak¡ arrd Bostslck Dlvtslon are Usted ln table ló5.

Dlacuseion o.t gencral Ëg gg ope¡atlon

Bhe rlghts for the use of, r¿ter by varloua canels snd regor-
volrs propoced by the Br¡reau of, Rec1s¡û¡tåon Ln the llench¡rarp
0obcldgr Dlvlcton have been protected þ approprigtlon fi1-t¡ga rlth
the Nsbraske Bur.eeu of, Roade and lrrlgaúiono The c:dsting reter rlghùa
as¡d tlæl.r datsa of, fiXJ.ng for faatures thåt propose ùo reoelve nater
.frc¡r the Er¡re¡u of Reclarn¡ùlon dewlo¡nent tn the Republlcan Rlwr
dr:alnagc are gbo¡vr¡ 1n tsble 1óó.

293
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îabl.e t65.--fttential Froject lp¡rds in the Kanaska and Eoet¡rick Divieions

IIuit

Bearer Clty

Oberlin

Al¡¡erp

Franklin llnit
ü¡ån¡clin Car¡a1
lüaporæe Canal
Fþar¡lclin So. Side tefiel

Total

Red Cloud

Superi or-Carr tJ-and Ûnit
Superior Canal

ge¡¡.tl ¡ntt Car¡¿],
tot¿1

Bepnrblic
East Side Cana]-
fesù $ide Canal

lotal

Sca¡dla
East Side Cana1 o

lfen Presentl¡r Ner PresenüLy
Lands lrrigatæd Lands Irrieated

0

l,5oo

5ræo

0

o

o

0

0

o
0
o

12rLoo
1r36O
2'O90

Eøõ
1,1Éo0

0

00

o

0

o

0

o

0

0

0

0
0

0

o

o

0
0

0

0

0

o
0

tfeq
1,¡rfdS

0 1r2oo

0

0

o

Fresent'ly trten
f¡l:rie¿ted Lands

1r2Q0

1,50o

5,000

PrlrOO
1'360
2,090

EFSd

lrl'8CI

0 72r7W

o 28,280

Presentl.y Total to be
Irrleatêd frrisatÆd

112O0

1,50o

5rooo

12rl¡O0
1r36O
2,t9Or¡ro
LrL8O

o

ü'?0O

28r280

0

0

0

0
0

0
o

\^,(3
0\

0 o Trhoo o ?,1¡oo

o t,56a o 16,b30E',t6õ äT,T3õ

7,6lo
1r5@
r,ffi'

7r[oo

16,[30
ãÏBõ

7,650
1,500
rJSa

000
0

12,87O
ïry1'6

?,65o
1,5o0
YFô

0 L2r7æ

0 28,?æ

0

Cortland CånåI below l¡vewel1 O 0 o
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Effects of DLvlsfon Devêlopû8nt

Thle table shows that ühe prioritles rere essenü1aLþ eetab}lehed
ln tro blocka rtth the prlorltles of bhe F?enclman-Canbrldge Dlvision
senlo¡ to tha Eosttlck DLvlsion and to Har1an County Reservoi¡. No
fiJings are llgted for Srvar¡eon l¡ske ånd Red lT1l1ow Reservoir in table
Ióó Uecauee åFfprôprletione for the aüorage of, i-rrlgatlon waüer haw
not yet been iêquàsted for theee t$o reservolTe, hence t'hey wlll have
prloritlee Jur¡lor to the priorlty of the Harlan Coult'y Regervol¡.

The sùorage of nat,er ln Endere and lledlclne Creek leservolrs ar¡d
the dLverslon of natural flon by the can¿le of the Fïencb¡nan-Csrobrldge
Dlr¡iaion as presented tn this report were nade 1n striat eompllance
rtüh prlorltlee Bhorrr in üable 166'

Snanson Lake a¡¡d Red tflltolr Reeervolr rero o¡rerated !¡¡ thLs eùudy
rrithout regard to the senior appropriatlon of Harlan County Reeervol¡.
Thesa operatlon studiee prove thet storage of water could l¡e made in
these reservo!¡s rlthout' rlolating priority larv¡ in all years of ühe
operation study, L?29-Lgb7t except I9lrO. Shortagea occurrçd at the
H-arlan Cor¡rüy Reservoir durlng 193h and 191¡0. Homover, ln üw¡e of
193! the llar]a¡¡ County Reservoi¡ spllled, therefore ùhe water stored
in S¡ranson Latce and Red llfillow Reservolr that year could not, be
clsssed ae HarLari County Reservoír Ìvater. The pil,an of operation of
the rneservoi¡s i.n the Republtoan River Fasin requifeo that water
riII bE etored flrst in upeürearu reservoire and ¡eleased to ehare
ehortager 1n dornstresm reaervoLrg as requi.red' The ca¡acity of,
Sçanaon lake wAs deslgnad rlth er(cess capaclt'y to regulaùe eurpluo .
lrater6. lbe Fureau ol'Recla¡nationrs plan of operatlon ls based upon
ùhe concept that the Federal Gowrnment rrtlL retain control of the
süored rvater to the erbent thaù sush storage een be adminlstered to
eupplement natural fLoï eo thet' 41tr areaa w111 share the gupply.
Follcrutng thle plan of operation rith all upstrean reservoire. eùorilg
aLL of tñe watei. reachlnl thoss reservol-rs, a ehortage of 5e1lr00 aere-
feet oecurred {n the year 19h0 tor the Harlan County Reservoi¡ a¡¡d
the land of the Fostrick D^rigatLon Dist¡lct' Dr:ring th€ 1939-l¡0
storage season 3Jr20O acre-foet of weter ras stored ln Swanson Lake
and IrlrOO ecre-feet of water was stored in Red lTfILor Reservoi¡
rhich mlght håve been ldentlfled as belonglng to Herlan Counüy
Resenroir because of 1ts hlgher prlority. Thls water released fron
thege 2 reservolrs rould hEve reduced the ehortage for the Bostrick
Dlvlslon lands frolu lO.8 to 2,8 percent' of the coneumptive use
requirenentr and wor¡Id have only lncreaaed the shortage for the
Meekan-Ilrif6uood and Red Wü.l6¡t ProJect lands t,o 18.3 and 16.! perceut
respectlvely for theee two areas. These ahortages ffol¡ld stíll hava
been n'lthln the toLerabLe Linlts. Folloulng the rule of sharlng
ehortages, the ehortege for el1 lands 1n the J areas would heve besn
ÊpprorinetalV 5 percent of ühe consurnptive use requi.rement.

the lrigatlon etorage space ln Red !¡Iillorv ReaervoLr and Slvanson
Leke ras deeigned to lrrigate Nebraska l-ands rlth water allocated to
Nebraska by the Èerr¿s of the Republlcan Rlr¡er Ccnpactr fhe plan f,or
developrnent provldeo sufftelent storage ln Nebraeke to lrrlgate aII
of the lnigable land in the valley floor of' the Republlcan Rlver
plus s conalderabLe area of tabLe land, however the plan has not
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EÍfects of Di.vision Developotcnt

prorided aufffciant, rtorage Bp3¡te or la¡rd to uge s¿f o.f übp rateù
ältos¡tsd to Nebraglca under tha tan¡¡ of tùe cor¡pBctr fhe derelop-
neËt h¡s besn restrlcted due to soonc¡llc,têa8alar

tlebraska irrlgetlon lere requLre thst, seoonderlr aplrr€Prlaù1on
be flled for ths uãE of storage watcl f!.o¡¡ reservol¡s end tbe Is¡rds
oa tùt¡h ùhe s¡üer w.tlt be used mueù be speclfLed. ltrase secondal1r
ftltngc havc not been med,e to date¡ høover, 1n thls report the
raasrvol¡s rera operated on the besls thst ths appropriatl.o¡¡o fon
thô use of aùorage rlll be roede üo use the reter fbot any onâ r€Ber-
vof¡ on the Lands of Juet, one unit'

îha nr¡cl¡nu¡¡ utili,aatlon of ühe reserrötr aüorage oapsßlt'y fer
irrlgatlon Pur?oÉes tn the EepubLlcan Rlrrer eyeten to neeù lglgatlon
ehortagee rhere they eldeü requlres that ao¡¡e fl.e¡ctblltty be per'-
rüttted ln the rrse of atorage wâtef.

Seoondal'¡r rue fillngs for storage rat€rr lr¡ ¡aqord¡¡¡oc rlth
Nabreske lrrlgatlon law, r11l be nade for each of tlæ rêgervol¡a
whlch rlll penutt the fl,exlbílity in the use of aüorege wet¿r to
sfråre shortages.

During the firet 50 yeers of operation therc w{11 ectually bo
e:stra atorage space which w111 noù have been aseigned for lrrlgatlor
llE€¡ Ttre opace reserved L¡¡ each reservofJ for eadlnent rü-! be
r¡seble untlL auch space ts flUed wlth sedlnent. the grtorltles fæ
the ca¡¿I systerna do not need to be chansed for tha sltu¡ti'on l¡
prefcrable æ tt e:rists. the seôior pricflùi,ee f,or use of nsùurs-l'
fLon by cenal eyatøne should remai¡r in the upatreau area, for ths
diveraion of, nairral flor watere wltl permit the gleaùeet reU¡e ¿nd
provldc the greatast anount of return flon thu¡ havilrg a tenderæy
t¿ stabilløc tÌre Jaon ot' ühe RepubL:l,ca¡¡ Bl'verr

Tbe a¡nueL ahortaçe e:rperienêed by tha regervolrs ln the
Republlcan Rlwr dralnage as taken Ilon the operatlon atudl'eg fon
thô¡e reaervol¡s are ehowr¡ ln üsbLe 1ó?. Thlg table ehorg th¡ü ¡t
tlnee dørnetresr reservof¡a were experienclng shontagor¡ whlle
upctrern rescrvolrs had onty ¡ninor ahætages. the greatest use of
çEtrr roüld be msde 1f ell the reservolrs w6re to be uesd to adJust
or ¡nset ahætages çhsrc they e¡¡lst' Scrne of the n¿ter whtch uas
ehøn to hwe õptlled rould have been nede usablo. Tabl.e IóE lista
thc epftla nhlch occurrsd in reservoi¡s of the Republlcan Rlvcr
drelnago rhcn the unlts ars opereted tndependently. Snall mounta
qf thla apMcd waüer could be made avaÍleble for lmigatlon ùÞough
an lntegroted scheane of operat,ion. Sueh a schsme of oparatlon haa
norù been tr¡clud€d 1n thts report. Inüegrated operatlon ¡muld not
¡¡lte lù poeaibla to lmigets åny nore lsnd or to chenge tlÞ bslånoc
ol ecrarye å¿¡ stlo¡vn for î,ne ¡r).ana of operation whlch aro propored.
lha prlnotpal beneflt to bs obraLned fbom lntcgratad operaùls¡ ror¡ld
bo to adJuat the shortagee so that, eqne ehortagea for ths over-¡Il
¡obsne rrorlld be redr¡oed end the severity of sÞorüags for eny o¡ls
¡re¡ rould be d.niml¡ed,
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Effecüs of Dlvlelor¡ DeveloPoent

The olangc in the delivery of storage water to share shortagee¡
which nfght bã af,fected through an furtegraùed scheme of operation of,
the reservol¡a $ould not effect tlæ dellvery of natural flov that
fies aasrnèd tn tb¡sð sttdlea¡

The studLes hereln lncluded de¡¡onetrate that an adaqueÙe suppl¡
of wat'er ls avallable to develop the ltraeker-DriJùrood Unit of ühe
!ïenchnan-Cambrldge Dlvislon. It has bean detannined ln a separate
study that ühe at'orage spacê ln Swanson f,ake a¡¡d Enders Reservolr,
origlnally allosated for aedlnent nay be too large and nay be usable
to offset the gedlmentation of irrigation apaoe in $ledlcins Creak
Reeervol¡. Iluríng th{.s tnlttal period of operetlon there Ls aleo
¿vailable for storage the spaco in Swaneon Lake end lnders and
llarl-an Co¡nty Reservolrs whi.eh has been allocated for aedl¡nentatlon
whLch wlIL be usabLe to store water to neet lrrlgatlon dernanda.
Thie ar¡ounts to lOfrSOO aore-feet ln Harlarr County Reservoirr 71000
acre-fset 1n Enders Resewolr, á¡¡d 59r30O aore-feet ln Srvenson Lalce,
of space whlch has not been usad ln the studles to ¡¡eet lrrigaùlon
derrande' Ihls storage Épace wLLl be usable to ¡ld ln rneetlng irrlga-
tlon requlre¡nents dlutng the perl"od that retutn flors frøa the
irigaùed lands would be developlng.

fn vierw of these facte the conetructlon of çanals and dlstrlbu-
tlon syatena 1n the Frenchnan-Qarrbrldge Dj.vig!.on shot¡ld be completed
es soon ae poasible. The eedfu¡entetlon rate of scme of the reeer-
volrs tn the Republicarr Drainage 1s high¡ therefore ùhe aa¡¡al
dlgtrlbutlon eysteme to acquJre etorage waùer shouLd be ready to
dlve¡t 1t ae soon es the resetsolrs ara conpleted lf the ma:d¡otn
uee Xs to be ruade of ühe storage capaclty provided'

Sedl¡uentaùion of Resèrvol¡s

Engineer{.ng gtudles aro nsw belng nade to lncrease our kncrrledge
regardlng t'he probable sedir¡entation of ühe regervoirs i¡ the lçenses
Rlver Bestn and to lraprove our estinates of the eedfulentaùion which
rill take place ln the propoaed reservol,re. ?hese studleg a¡e not
yet f,lna1 and are not lncluded wlth thle Appendix. The res¡¡lte of
thelr flndings w111 appear i¡ a aeparaüe sedinentation appendlx to
the Kanaae RLrrer B¡sln Report whlch wlll be submltted at a latar
date. Str¡dles accmpllshed up to tlte presenL tt¡ne Xndicate eme
diaagreønent rlth the original estlnateg of sedf¡nentatlon I'n the
reeervor.rg propoced for use by the Fþenslman-Canbrldge Dl'vlslon.
Resulùe of these studles rl11 have to be bcrrre out by addltlonal
informatlon a¡¡d deflnLte answers wllt not be availsb].e untlL the
report l-e eubrlttad. Hcrweverr t'hese gtudles do lndlcate thab a
conslderable greater quantlty of sedl¡nent n111 be depoelted ln the
Medlcfne C!.eek Reservotr than was orlginal}y lndlcated. lccordlng
to thas€ reeent eotlnaües irrigation spaoe ln the lledlcfne úÌreek
Reservolr may be completely fll}ad at the end of the ftfby-year perlod.
If thc lndlcatlona of these studles a¡e bo¡ne out, adJustmenüs rr111
be aecessary i.n tha allosatlone of epace for the various ugee in the
Iegervolr.
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Effecte of Dlvl¡lon ltttÞ¡opnnù

Thc f,trld worklng agfcenenù bebrg¡n tbe Br¡resu of Rcolm¡tlon
strd ùho Gorpa of trgånceia ragardLng ths operatlon of tbc Llcdtct¡æ
Crseh DåD 8ñd Reaervolr provldea that tttJ¡¡ Dlsùrlst llanager_ahell
aü re¿¡qrabþ l¡tervals nal¡e aecegsårl' fleld surtlltl md olelc¡
studier üo pepare aatlnata¡ of the volune ard locatlon of, ¡sdf¡er¡t
drpooltc tr th¡ reseffoi¡' If the re¡ulta of thcs¿ ctudlcs thor
t¡et t¡¿ etæage ¿vaileblc fo¡ flood oontrol end lrrùgatton ls
reduoed by aa ¡nount emeeùlng l0 peroent of ellocatloa fæ ettho
purlroBsr the operetlng agrreanent plan dsscrib€d hsrsln rlth respcct
lo l¡a ålqvattor¡ lfuulte of etorage elloa¡ùlonE ghå.ll be relrtorad
rlth ühe vler of equitabla dtat¡lbutton loss of rcaervolr cepeolty
betw¿en the pft¡a¡V resarvolr üEGErtr

Wbtle the ¡reeent studlea tndlcete ¡6¡s 6sdtutent for thc
Itedlctræ C¡eelt ReÊervelr tha¡r the orlglnal estlmatae¡ the prearnt
atudy short lose e€dl$ent rrllt be deposlted in S¡vanso¡ l¡ke ar¡d Enders
Reae¡"olr than orlginally eatlnetedr Aceord:tng to the nosü recsnt
otudy, 5Ot0æ tcrt-feot of gedinenù wiLl be depoalted tn Sva¡¡son IBke
e.ft4r'50 yeara as corçared rlth tlr ortginat e,st3:tate of óhr000 acrê-
feet. For thc Enders Reaervolr the ner eetl¡nato rndlaates 21000 acre-
feert of eedlnent w111 be dnpoaited et ühe end of 50 yes¡e 85 Goo-
parcd rrlth ttr orl6fnat eatlnate of lO¡00O acre-feet. Thase tro
reservol¡B are upstree¡n tbcrt tlte Câ¡ûbltdge Cana1 J.Hnrls whLch are
ehoryn ùn thls ttudy to be s€rvod frqo ths lfedlcine O:sak B¡aorvol¡¡
Therefore, the additd.onBl storågp spaoe ln these tvro tesefltoi-rs could
bc uaed to offest the ¡edr¡cülon ln 8påce dtæ to the escumuleùlon of
aedlment ln the Mêdlôlne Creek Reseorvoir.

Str¡dles ere noí under wqy to devise noânt of reducing tlt¿ eadl.-
nent rate of ùhe Mediclne Oreek Feearvol¡ elther by retêntlon dms
uputrcar æ by goIL erosion control in the Basln abow the reaarvol¡.
Swh eontrol nray be obtained wl¡lch 1111 ¡rsterlally redr¡oc pneaent
indicated reteE of sedl¡ner¡tatf.on.
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EffoÞts uf Dl¡¡trsion, !ÉyÈlopnenü

.Báp$tlqen $it'irt, EòÍqêo:t

of tlie

*¡&o 'ry thçee,
use, çf

El¡rut''ltep ln tlie throe ¡ùa-ter
as ftre'þpublioan

'lrtr..,ç to

of :¡nl

ùó Ëo
tlre nÉsù

:benef[cJ.el ,qong

E6çå';sÉBå'wå6 AaliqÊo4ùEd: t t'
,ñe.Urãshsr'and' 19or'30o aórÞ

to, esçl+ sùrtç.¡

to, I{angds.

, IhÊ #!s*ror ¡ie-vaio,pr{eFl of the cntl¡etÊ,Þrrbücqs,fitæm F".ülqt?t
€pû'ôÉtßdt.el¡rrú*Eb"in;Neþias¡¡a,to ¿ffi€*:ËEell qf .tûte lr*ltpþIe'land i¡
ttls .rrs}l'ty,flr¡Cf of tlÞ RèAutlisan*t+ivæ,.plUe a 'ænslder¡Hlo erea of ùA

f,sror urrti.q¡" Bign tr*ç nót pror¡lded.srrffte{onü s{tqraæ åpace or'lgld to
,¡os åül of 

',tùe'¡dbüÉr 
¡i,llqqsted üo tlebraske ündst'"!h¡,?,er6r¡ of tlia eo$¡d'

@e¡nrb1loenltivgr Ë.oÞpeet.
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