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SUUMÀRT SHEElS
BostTrlck DlvLeion, Kansas River DistrLcù

lÍLssc:¡rl Rlver Basln Project

IDCATION¡ Scuth Central Nebraska and North Central Ka¡sas the
Repuìr1l:u'. ?åver øxtendlng frq'¡ Orleans, N
Còrrcol'diar l(ansag

AUTHORTZED¡ 53h,
78th2lút

PLA.N

The Boetwick Dlvision ls being developed along the

Decentret: 22, 7.9\lÐ by Aet of Congress (Rrlltc
|Büh Congress, 2nd Session) Senate Doeunent
Congress, 2nd Session, 19lrlr.

to

Rlver
Ln Neb¡aska and Kansas. The divlsion plan provides for
of sùrean runoff for flood and sedinent control, and for tLnate
imlgatlon of Ð1000 aeres ln Harlan, Frankli.n, l¡Iebster Nuck-
oIIs Counties !n Nebraska and Jewellr Reph-i,'l:^, and Cloud
ln Kansas. The two naJor features of the pLaa are.: llarlan
ResewoÍ.r, conntmct,ed on Republiean Rivcr by' the Corpo
and ühe pot entlaL Lovelvell Reservoir on Ttlhi-te Rock Creek,
üary to the Republlcan RÍver. Lor¡euel1 Reservoir cóuLd
a soureê of supplenenüal water supply for three nunletpali
1n Kansas. Complete dist¡'lbution and
the l-rrigatlon of 86 ¡2hO acres¡ of whL

drainage systens
ch Zl¡rZlO acres âr€

raska and 62,000 aeres are ln Kansasr The supply works
dlsüribuülon works feature s, however2 ãîe being
suffÍcient capaciüy to normally prorride water for an addi
31760 acres of potenülal irrigabl.e lands in Nebraska,

to facilttate future lnetall-ation of a pol,rer penstock.
annuaL benefits wLll accme fror¡ lrrf.gation, flood
and wildllfe conseruation, and recreaùional facilities
the divlsion plan.

DFFINITE PI,AN REPORTS

will be served by six nain canals¡ Two of the canals wi1l divert
fron outLets in Harllan County Dan; three uiÌl divert from
díversion dans on Republlean River; and one canal, South
Side, derives its water sr¡pp1y by a punp diversion fron
Riverr No power rlrill be developed inltially in the dlvls
provfsLons har¡e been nade during construction of Harlan C

ounty
Engineers,
tribu-
prorl'do

enable
Neb-

naJor
wlth

lands

although
Dan

al
fish

by

I

\
\
\

VoI' I .,. Genorel Plan of Developnent for Bostnick Divlslin
Subsequent design volunes wi1l be prepared ln the ordèr deter-

¡rined by constnrctl.on echedules.
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. l¡70r0OO
, 221217,OOO
. 618521000

,olorooo

$ 657 raoo

,2B7rooo

,592rooo

5 to 1.0

Harlan Cpunty Dam ancl Beservolr .
Lovenell Ðaui and Reservoir. . . 'Supertor-Courtland Diverslon Dar¡'
ScandiaDi.versionDam r. ¡ r. !
PunplngPlants.. . r Ò.. r..
CanaLs...¡....r..rr.
tatgrals. ¡ . . . . . . . . t . .
DraLnage SysteÍr . . . . o . r ¡ . . r r'
Floodway Channels (non-reùnburÊabLe). . ,
oeneral hoperùy ( excl. coop.<levelopnenü ).
FamUniüDevel,opaenü.. r. o. ' ?. 'Dtsürlbution Lines and Subsüations. . . .
Fishar¡dWild1ife.. ' t. o. o ....
Recrgation...... r. ... '....

BEI,IIFfTS, Af,LOCATTONS A}¡D I{FPATMENT

Annus1 Benefits

Flood Control¡
Reservoirs. . r ,
Floodway Chalnels

frr{.fation¡....r
Flsh and lillLldlife. , .
RÊcrgatLon......

/tlLocaüion of Costs and ent

Nonreirbursable - flood control. . .
Reinbursable¡

IrrigatLon, recreatLon, flsh
endwildllfe. . . . o o. . ..

frrlgatlon repaynent bo-year period.
Balance to be repaid by exbenslon

of repaynent perlod or MlssourL
River Basln ProJect power r€venues

ata
lla
aaa
aat

aar
laa
aao

aaaaa.a

t!aaaaa

taaatla

aaaaaor

6r53orooo
790r000
Z03rO0
8lrooo

Z23tûO
82rOoo

l¡12rO00

$2r035rooo
1.]:T tgoo a/

2,368rBOO -
3brhoo

Ioor900

#t2,723rO0O
ll¡r131rooo y

"/E/

BENtr.IT - COST RATTO

Net benefits after deductlon of private costs.
Includes cosü of drains to be consünrcted by lrrlgation

tlt
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INRIGAÎION

ClassLficatlon of frrigable Land

Unlùs

Nebreska
Franklln-Red Cloud
Superlor-Cou¡tland
Subtoùals (Rounded)

Kansag
Courtland
ScandLa
Subtoüals (Rounded)

Tota1s (Rounded)

Unlt and Canal

FïankLln-Red Cloud Ûnlt
Franklin
Naponee
tr-ranklLn South Side

SuperiorCourtLand Unlt
. .Supellor

Courtland(Nebraska)
Courtland UnLt

Courtland (Xansas)
Scandi.a Unit

Scandia

Pa¡anent Cap acíty/ ac/yr
&U & Replacenents/ac/W
Amorüizatlon C q acit y/ ac /yr

Total
(acres)

L5160\
8,6h2

ãFm

hgrooo
13,O00ffi
.861zLo

3,965
T;[õõ

C1ass l
(acres)

3ù3s

Glass 2
(acres)

Brl':02
3.090

11rtgo

hzrl$g
7,260

[,frfIñ

Class 3
(acres)

Class

BBB
ó38T"ffi

Ka¡¡sas

31172- ebe-Tffi

3'tlfi
5,?lpTtrõ'

3't$5

t6r2go 60rB9o t'53o

Amorùlzatlon Data Bosürick Diçislon

Nebraska
portion
FfiM-
2,67

T:iF
Nunber of Farn @eratlng llniùs:

Prgsgnü...... ... ¡. rrr... r.., ?Bg
Autlclpated . . . . . . . . . . . . . . .,, ., lrlOg

Growing season! 155 days at Red Cloud, Nebr.¡ I91 days at
Kansas

ElevatLon of proJect area¡ mol . . . . . r . . . . ., 1¡JB0

Requlrep.er¡ts o.f ll:rigatlon Water

T;Uio
?;#o

porÈLon
$u,óo
3,38

æ

Consumptlve use
requS"rement

- åYoâllfu ftr

215|q
2.5b
2,5b

2,t6
2.56

2.56

2.57

Effectlve
preclpiüatlon
av. ann. ft.

1,60

1.ó0

L.69

a,

L¡10O für

ion

âV¡ ft.

.39

.39
,39

r.53
L.53
L.53

1,ó0 .16
,88

.88

76

1v
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Canal Data

:

i

Canals
llEñEltn
Naponee
Franklln South

Slde Pu¡trp
Superior
Courbland, Nebr.
Courblandr Kansas, above

I,ovewe].l Res,
PunP Area No' I
North
Ridge

Courtland, Lovs¡ell Res.
ùo Courtlar¡d lfesü

Tlhlte Rock
Punp Area No. 2
Mi1ler'

Courbland, beLour
CourtLand West

Punp Area No. 3
Cotr¡tl-and West
Courüland l¡lesù Ext.

Punp Area No.- L
Scandia

Length
{ mtLes )

5lt,O
9.6

lr,9
33.1
16.1

B.g
7.6
6.1
B.b

rl¡. B
2.3

10.2
t5.2
3.5

18.3

Initial
Capaclùy

(cfs )
-ñ

36

t&
139
75L

685
36
50
90

$\
5o
IP

120

First water
to be be

ed

5t

L959
1960

AIl
üo

applied
Ãõ-fiT-r-95[-
Nov. 1951¡

April 1953
Mar, L953
Jan. L951r

Oct, 1951.r

Aprl1 L958
¡prtt 1959

Jan.

Mâ!.
Mar.
Mar.

18.3
5.Q
6,2
6.0

T96L

Jan. 1997 JÉIrtr 58

Jan. 1958 Jan.3h0
30

2BO
120
bz

230

POWEA,

STORAGE DAMS

tocatlon

Har1an Co. (USGE)¡ 0n Republican River 12 miles west of
Franklln¡ Nebraska

tovervell: On Vlhit,e Rock Creek 3 niles northv¡est' of
. Lovewell¡ Kansas

Harlan Co,(UScE)

MU lTATER

Tv?e
Hydraulic height, feet
Volune, cür fds..
Spltrlway capacity, cfs

April 1959 1;999

None

None

2,
B'

ro@
rhoo

E¿rth-fill
107

13 r lr0or 0oO

b3trooo

v
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OIRS uarlan C_o, (USCE)

Elevaùlon aü nardmrn
controlled storage, nsJ. L$73.5

Actl,ve storage, ac-ft
í¡ttlaL conditLons TSzr$oo

CapaoJ.ty belo¡v boùton irriga-
tion outì.ets, ac-fù,
inttiat conditlons g7,2OO

Storage capacitles afber 50 years of operaüionr
(acre-feet)

L00r000 ac-fù¡ sedlnent
Conservatfon T5r@Ofrrigatíon 1Z5I0OO
Flood cqrürot 5OO,OOOTotal ffiõ

prvmsroN pAq

595,3

200

800

( )
8ro0o r sedlnenù

000
000

e
10

P],AMS

Rlver Funpir¡

Nu¡ùer of unlùs
TIæe
Capacity, cfs (per unit)
Horsepower (per uniù)
Llft, feet

CourüLand Canal puaps:

T]Pe
Capaclty (e.f.s.)
Horsepower
Total head 1n feet

SuperÍor-
Courtland
ffireCã-

7
75L & L39

Lzrooo 7ot

Franklln
Souùh Slde

3
Electric

T5.g
h[
19.7h

No. I No. 2 No. 3 oiù

aTwe
Hetght above old strean bed, ft.Inittal canal capaclty, cfs
Deslgn floods, cfs

Elecfnic
3o

230-
Iú

El-ectrlc
36

190 -
32

ELectrd.c
30

Læ.'
20

l+z /
LBO/

26

vi
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,|; HÏDROIOGY

Net Contrabuùlag dralnage area, sq. mlo
Average annual depleùed inflo,rr,

ac-fù (L929-r91fl)
Maxùm¡n arrrual depleted inflow, ac-fü

Mlnlmn annual. depleùed Lnflow¡ ac-fù

Peak discharge of rocofd, cfs

Minlnr¡n diseharge of recoed, cfs

Inflow design flood, ac-ft

Hqrlan Co. (USCE)
LltrL?T

356rüoo
Z2l¡rl_oo(tslil u/
16,5oo -(rsho) (
2óorooo

(Jr¡ne L935) (

? floo 4
r90O

(191¡9)
lr3oo
, 1g3h)
,300
1950)

6.8
(oct,. rg3Z) (
3rOBSrooo
Ll I/2 daye VoI.

LBS,ooo

I
0

,ooo
hours

,0@

car¡

Vo1.
fnflow design flood peak df.scharge,

cfs

{ ln additionaL lgrb00 ac-ft of storabte inflow fron ühe
Rlver will enùer J,ovewell Reservoir by v¡ay of the
Courbland dLversLon and the Courbland Canal.v Depleted lnflon for 19h7 somerÍhat larger but has not been edfor the fuII calendar year.

REMARKS

The Nebraska Boptwick lrrieaùi
negoüiated a ropay:menù contract wit

on Districù, organized in lghB,
h ùhe Unl-ted Staües in Ithe l(ansas Bostwlck frrlgatlon DLstrLcù uas organlzed in Docenber

and a repa¡rnent contracù rrtüh the llniùed Staües was negotlated inLgíl,. Both contracts were confí¡med by staùe courts. Thedlstrict in Kansas did not include 13 ,000 arable ecres Ln the
UnLtr

Detalled fnvest!-gations resulùed ln suggested su-h.vrtitutLons
sono of the originai acreageci in both irrigation distrlct,s. landsfound feaslb]-e of ir r-ig;¿tio¡ by investtgatlons and the 13r0OOasros in ùhe Scandia Unlt nay be lncluded in the two Lrri gatlon ctsby revising dLstrlct boundaries and renegotiating repayment

a

vIL

1921
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TfAIER SUPPLT

:
i

-$u¡onra¡rr and gonolusÍons
i'
,..

Introducül-on

The' Bureau of Recla'naülon general plan of developnenü for
the Bosüìfick Division presented ln ühls reporü wiJ"l assgre a
zation of the,greaüesü publlc benefit with a plan of operation
sufficientþ comprehensive Èo permit the ¡naximun integration
the neèds of other uses consistent with the prinary purpose of
irrd-gaLion The factors which rnake up the total use of waüer
the Bu¡eau of Becla¡nation planned

süi-ng and poüenùial
increase in irrlgatlon,

l-nigation exl , flood control, farm ponds,
ion abament control, publlc health requirements, stream pollut e-

nent, requlrer¡ent,s,

edi-

donesüic and lndust
wil-dlife presenration, recreaùlon, and
rial. requl-rements.

The Bosüwl-ck Division includinC a}I the lands in the
can drainage between Harlan County Regenroir and a norbh-
l.ine through Concordia, Kansa
whlch the Republican drainage
¡natlon J-nvestl.gations. This

south
s, is one of five divisions lnüo
has been divided for Bureau of c].a-

div:igion is the fourth division
downstream order.

ing space would be eyacuated onþ in extreme drXr periods.
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Water

êcreegs of land to be lrrigated has been based on the ïrater
renalnlng aftsr Esklng allor+ances for use of conplete allocaùi
of thc Bepubllcan Rlver Conpact ln upatrean statss.

The lnigatlon e:çansion 1n the Bostwick Divislon by the
of Reclanetion, as proposed, is to bo acconplished enüircly w:i
river wstersr This
thc ground waùer for
thougþ, that sone of
by developing we1ls.

proposed plan does not contemplate
any lrrigation developnent. Iù is anti
the probable developnent wil-t be as

Ìtater requirements for

L,i

fron

for

,

uses lùerc studled and Lt is
mnicipal,
consldered

domestic, and

in the Republlcan River Valley wlIL be
that these requirenents
adequateþ edsuppli

fromground -laterso îhese uses are presently satLsfied wells,
and 1t,1s expected that inFroved ground-water supplies due to
col-atJ.ng water from irrigatlon will provide an adequate
mmicl.pal wells.

Streen pollution abatenenù has been studied by the Public
HeaLth Sel¡:ico and they have reconrnended nininr¡m flows at cri
poJ-nts along the river. Rel-eases of water were nade from
County Resenroir to adequaù ely neet mininun flLow requirenents
public health v¡hen reùurn f).owe, local. supp).ies and releases
lrrtgaülon wero not adequate to sen¡o thls purpose Dor,n
requirenents below Concorrlia, Kansas, w-IlL be adequateþ met
return fI-ovrs from the Bostw.ick Division.

All surface waters in the Bostwlck Division have been
for nineral- constiùuents and have been found to be sati
for írrigation use. VJater from r,rel1s has been found to be
factory for lrrlgation use between llarLan County Ileseryoir
Scandie Kanoas, 0n1y one well near Hardy, Nebraska , showed,possibili ty of fornation of sodir¡m carbonates or bicarbonates.
AIl ¡n¡ntclpal supplies are from ground water and tests show 5e
watcrs to be suitable for donestic consunption. The ground
is hard and requlros large

, The quality
amounts of soap when the water isfor washing of the ground water in Cloud Counùy, Kan-

sas, is quesùlonabLe for irigation.

Àa
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ltater

t There ars no established prior rights for gravity
.icanalg in ühe Eostr,¡ick Division diverùing fron the Republican
River. There are a few rights for purrping fron the streans, ù
lü ls anticipated ühat ühe ouners rrilL choose to obtain vrater
canaLs provided in the Bureau plan of developnenü. A supply
water for ühese lands has been provided and the lands are
in the acreêge for r,¡hich sùorage supplies have been deter"rnined

AIL irrigatl-on requirenents are based on the Lowry-J
nethod for deterznining consumpüíve use. The weather records
ín naking ühe study are avallable aü stations in or near the
for whích r,¡ater requirements Ìrere determined.

Continuous sùream-flow recorrls are not availabl-e at all
tions for the entire period of study and it has been necessarlf
to extend records by correlation wiüh existing records aü
stations. The stream-flo¡r estlmates are all considered to be
reasonable.

Monthì-y operaüion studies Ìrere ¡¡tade for Harlan County and
Lover.vell Beseryoirs. These studies were made using the
flor+ and weather conditioris e>dsting dur{.ng the period 1t2p
L91+?. Thi.s period coni;alns the years 1931 through 1940, whi
the longest knoun sus'cained drought and insludes the 1930-40
used to base ühe allocations of water nade in the Republican
Conpact. The studies lvere rnade with Harlan Counüy Reservoir

ch ts

ing all of the water flovring into it, allowing r,¡aüer to spill
the irr{.gation storoge spsce was filled. Releases from Harlan
County Reservoir for l-rrigation purprses rvere nade onþ after
suppll-es, Lncluding return-flow Ìuaters, uere inadequate to ne
the dernands. The studies for Lovewell Resen¡oir were rnade
aI1 the flow of lrrhite Rock Creek plus divertible qnantities of
the accretlon in flow beüween Harlan County Dam and ühe
Courtland Diversion Dan lncludlng spills from Harlan County
voir not reguíred for irnigation on the land seryed by the
Canal above Lovewell ReservoÍr. No diversion was made for
weII Resen¡oir at the Superio¡:-Courtland Hversion Dam during anu-
aqf and Febmarl¡ beeause of icing condltions. These operaüion
stuùies show that there is an adequaùe supply of uater to
requirenents within the li¡nits of tolerable shortages for

ver

rneet aII

s

tÍon.

the Harlan County Reservoir operation study presented ín
report' was operated r.rithout ühe use of storage from upstreau
voirs. An ana\ysis Ïras rnade of the shortages of a'll the
in the Republican drainage to deternine the effect of enf

s

3
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Ì,Iater

i prLorities of storage ríghts. There was onþ one year uhen
' water stored upstream ouù of priority uas enough to be
to the Bosù¡¡ick Division naüerially. The enforceruent
priorifies of the Bostwick Division canals against upsürean
canals would not cause inùo1erable shortages on lands senred
upstream rese:rroirs, howerrcr, such enforcement of priorities
not necessary to insurs a firn wat,er supply to the Bost¡,rick
lsÍon'

Thi.s report contalns a su¡¡ì¡nary of the Republican River I

pacü Studyrt an4 a co¡nparison of water uses ¡¡ade 1n ühe 'tC
Studyrt r¡ith Br¡reau PraqtLcal Plan of Developnent St
entÍre river basln, This su¡m¡ary demonstrates that

udy
the

of the

for
use

waüer in the Br¡reau Plan of Development is in aII cases r,ri
the llnits of the allocations of water reserved for each
in the Compact and that thcre is an adequate suppl¡' of water,
upstream compact depletions, for all of ùhe uses contemplated
the Pracüical Plan of Development. The distribution of water
assumed in the studies can be acconplished if the Federal
ment will retain control of the r¿ater stored 1n reservoirs
or to be luilt wiùt¡ Federal funds for ir rigat'ion purposes, üo
exbenü that such storage water can be aùninistered to

as

t
natural flow so that, ¿11- areas
Republican Basin wlll share the

proposed for development in
available uater supply.

been made. system operation wil_I consist essentlally of
of. shortage in exbreme dry years and capturing wasteà and
flows fbom upstrcam ca¡rals and reservoii's in ño¡ma1 waÈer

This concept of use assumcs a system operaùion of Èhe re
voirs. An integrated plan of operation of the reservoirs has

In years when-the l.¡ater supply is norrnal, or better than
s

short,ages ¡ri1l not exist but the principle of keeping the sü
waters as far upstrean as possiicle at aII tirnes should be
The proportions of ühe lands to be i.migated in any unit have en
so desi.gned that each reservoir, and the l-and which ùhe reseis intended to se:rve , wiLL operate as units r"riühouÈ intolera
shortages This method of operaùion car¡ only be improved byof shortages through syst,em operaüion in exbre¡nely dry years.

The water supply of the Republican drainage is, to a gr
exbent, dependent on rainfall , most of which falls in
The headwaters of the t,rioutaries do not originate i¡ the arnS
and hence have no flows which can be esti¡nat¿d from snow melt
Some of the tributaries ortginaüe in the sancl hills and have
base flows. this sand-hill flow, plus developed return fLor,¡swill be the dependable water supply of the basin wtrich can beor less accurately computed, but the portion of the supply io

l+
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I'later

i ralnfall rrrl[1 not be subject to close estimates. Thereforet
i rnter ehould not be pas
: anoùher in antS-eipation

sed proniscuous\r from one reservoir t
of oçected riven flor¡s except to

floode.

Plan of èvelopnenü

The Bostwick Divlslon ls nade up of Ia¡rds along the
Rlver in Kansas and Nebraska between llarlan Courty Reservoir,
Concordia K'ansas. It is a portion of the Kansas River Basint
Developnent (see exhibits 1 & Zr) which rvas auùhorized by sft
as part of the Missouri Basin ProJect in Senata Docr¡¡nents L9I
241, n¡nds $ere appropriated by Congress for the constructl, of
Harlan County Dam by the Corps of Engineers in Public Law 228
??th Gongress, l'irs'; Sesslon, and Public I'aw 534, 78bh Cong¡e
Second Session. Tt:e constructl-on of Harlan County Dam was
August I, 1946 and rras eonpJ-et,ed in the faIL of 1952. Public 534,
lSth Congress, SecLrnd Session,
ùion of the Supei'icr Canal, the

appropriated money for the
Courtl.and Canal in Nebraska,

the Superlor-Count-1.¿nri D-version Dam, these features were
in the faII of L950" E;'Jtibit I is a nap of the Bosttuick Di

t
ced

outLining the proposed. features required for the development
D[vision.

The ¡¡ate¡ suppLy stucly presented herein shows an
oupply of water can be provided for the
of irrLgable land in the division, after

lrrigation of t0r00o
naking allowa¡rces of

for all upstream development tn the Republican RLver tsasin.
Bostlnick Diuision, consistlng of 281000 acres in Nebraska and
acres in Kansas, has been divided lnto four units, as fol-ì.ows:
the Franlclin-Red Cloud Unit, the Superior-Courtland Uniü, the
CourtLand Unit, and the Scandia Unit. Acreages of the vari
as weIL as of the constituent canal service areas are shoun
Table J., which also resonciles water srpply acreages with
being presented elseuhere in this report. The acreages
basis fon the water supply studies conforms wiùh the ær€age
down used in repa¡rment ontract negotiations; lùereas acreage
presented in oùher ChaptersrdAppendixes of the Bostwick Divi
Definite PIan Report are based on later reflnements fo ühe di
Iand classification. llrqr error accrulng ùo the water supply
by virùue of tbese minor differences is consideredto bev.i.thin
allowabLelimìt,s of error for such studies.

this

rOffi

r¡¡¡its

sion

he

ühe

5
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The acreages used in the water suppLy studies uere
from serrl,-detail-ed or detailed land classifications. Those
¡rithin the organized irrigaùion district boundaries have
ùhe deüaiLed classificaLion. Unorganized lands in ùhe plan
oprnenù include the Scandia Unit ar¡d cerùa.in tands in ühe C

v€d
devel-

Iand Uniù, nanely, the four prurp 1ift areas and the grarriùy
near Kackley and along Buffalo Greek.

" Iü is proposed ùhaù ühe Bosüwick Diuision wilJ- receive
water from the Harlan cornùy Reservolr and fron Lovewell Re
The llarlan County Reservoir , locaüed on the Republican River
Republican Ciùy , Nebraska, FiIl provide an iniùial. irrigatÍon süor-
age capacity of 2921800 acre-feet for irrigaüion purposes. e
Lovewell Res ervoir, located on Ïthit,e Rock Creek about three
above the town of l,ovewell, Kansas , will st,ore the waüers of
Rock Creek plus spi11s

Superi
from Harl-an County Reservoir which be

diverted at ùhe or-Courtland Diversion Dam and to
Iovewell Reservoir through the Courtland. Supply CanaL. Aof the natural flow occurring in the ilepubì.ican River between
lan Counüy Dam and ùhe Superior-CourüÌand Diversion Darr
through December will al-so be diverLecl and. stored in Lovewellvoir. the Lovewell Reservolr has an i¡ritiaL storage capacityirrlgation ptrposee of d0r200 acre-feet. Under nor¡na1

ron
Har-
March

Reser-
for

beconditlons, only 35r2OO acre-feeù
used. TL¡e rem¡ining spr.ce would
periods.

of irrigation süorage would
bo evacuaùed only in exùreme dry

the Franklin-Red Cloud Unit is to be supplied with water fro¡nthree canals; the lrranklin Canal b¿iII diverü directly from Lan
Counùy Reservoir ùo serve an area on ühe north side of the
can River between the Harlan Counùy Reservoir and the
Courtland Dlversion Dam. The Naponee Canal, whl"ch also esaù ühe Hårl¿n Counùy Dam, wil1. supply water üo the Fra¡¡klin
on the south side of ùhe Republican Rlver between the Harlan ounty
Dam and Bloonington, Nebraska. Ths third canal, called thelin South Side CanaJ., luill divert waùer from the Republiean
by the neans of pumps to se..ve lantls on the souùh side of the
E..;publican River between Franklin and Riverton, Nebraska

The SuperLor-Courùland Untt whtch is in Nebraska wi]-l- be
supplLed waüer through t*o supply canal-s beginning at theCourtland Dlversion Dam near Gui.de Rock, Nebraska. The SìrCanal will serw the area in Nebraska on the north sid,e of Repub-Iican River and the C ourtland Canal will serve the area souùh ofthe rlver in Nebraska . Tho Courtfand Unit in Kansas r.rill beb)'ühe Courtland Canal, which will cam;, water to the Reser-vorr and serve the lantls in Kansas above Lovewell-. It wiIIserve the lands below Lovewe1l Reservoir. ft is proposed teLovewell Reservoir on v,lhite ll,oek Creek ùo provide regulationthe Courtla¡rd Canal and to provide storage space for t¡lhite

Creek flows and spills anct pickup below Harl_an Cornty Dan can

6
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Water

þe.dlverted at the Superior-Courtland Diverslon De;n. This
also elLmlnate the necessity of constnrctlng a costþ siphon a
lrlhlte Bòck Creek. Main oanals for ùhe Superior Ca¡¡al ar¡d the
land Canal ereae ln Nebraska have been consün¡cted and the
butlon syotens are under consùrucüLon.

The Scandla DLversion Dam on ühe. Republican River just

g

ScandÍa,
of the S

and Lovewell Resen¡oi¡ wl-IL tota].
ReservoLr on the Republican Biver

Kangas will dlvert water t,o the Scandia Unit. The s
candla UnLt all lie east, of the Republican Biver

Scandia and Concor.rdia, Kansag.

Ìùater Resources

Reeervoirs

FuIL lrrlgatlon development in thLs area is dependent pro-
vlding storage reservoirs to regulate the eratic flow of the
I'llnter flows and flood flows would then be held until required for
irrlgat'ion. llarlan County Reservoir and Lovewell Reservolr
provide the reqrired storage space.

The initLal storage space for irrigation water
293rOæ acre-feet,
n'i]-l have an i¡iti

in Harlan
HarIan

al irri on
storage capaclty of
Rock Creek rd1l have

252'BOO acre-feet. Lovewell Reservolr on e
et.an inlti-el storage capaci-ty of l¡Or20O a

An allocçtLon for flood oontrol of 5001000 acre-feet, of
fn the Harlan County Reseryolr has been nade for ühe l-ife of
Reser¡¡olr. It ls esüirnated thåt 10Or000 acre-feet of sedinent rriLL
be accumulated ln J0 years of operatlon. ''trt is

st
ln üo the'set size of , poor

of '-.pooÌ at ühe end of '5O years must
The elevaùion and size of the dead.¡torage, lmlgati

and cpntrol pool in Harlan County Reservoir under inl-
lO-year ar¡d 100-year conditions are listed in table 2.

An allccation of 50r00O acre-feet of space has been nade
Lovewell Reservoir for flood control. It is esüinated that 8,
acre-feet of sediment n'ill be deposited in Lover¡el1 in the
l0 years'of operation. Table 2 also lists allocations of
space for .fllood control, irr{-gatlon and dead storage under ini
5O-year and 100-year conditions for Lovewell Reservoir.

t

7
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Waüer

Operaüion studie
erdst Í¡ .the reservoi

s ürere based upon conditions expected to
rs at ühe end of 50 years. the

storage available at ühat ü1¡ne wilt be L?5r000 acre-feet in
Counüy Reserrroir and 351000 acre-feeü in LovewelL Resen'oir.
addiüional uater ciur reasonab\y be expected üo be stored in
resenroLr areaa as bank storage. The effecü of bank storage
be to lncrease the storage capacity of the reservoirs, The
storage thaü could be clai¡red due to ühe bank storage has not been

Surface xaüer suoD1v

hlaüer stored in Harlan Counüy Reservoir will come from
flow of the Republican Ríver, Prairie Dog Creek and Sappa k,
which lncludes Beaver Creek. l¡later süored in Lovewell
wLll cone from !'lhlüe Rock Creek and spill unter fron Harlan
ReservoLr whieh can be diverted lnto the Lovewell Reser'r¡oir.
Naüura1 flow originating between Harlan Counüy Reservoir and
Superi,or-Courtland Diversíon Dan during March through De -vt'iIl
also be diverted inüo Lovewell Reservoir. These streams aII
erraüic flow characteristics due to the su¡mer rainstor¡ns
occur Ln the area causi-ng hearry runoff. The flow of süreams
as the ral-nfal-L. The wlnter precipitation is low and the
is correspcnding\y Iow. The nrnoff from snow ¡oelt is usuagr
sma1l. Rainfall ls heaviest fron March üo Ji,r1y, however, ext
dry per{.ods ühirüy to slxty days Ín lengüh during the June to
Septe¡nber perfod have occurred. Table ? shows the annual of
the Bepublican River at Bloomington during ühe period of st
I929-Lgl+1. The ¡oaximum annual flow at ühis station was Ir08?
acre-feet in 1947. The rrininr¡n annual flow was 283rZCÐ

used in thls süudy because ühe guanüity and rate of inflow
flow f¡orn the banks has not been established.

in 1940. this great difference in the annual flow is
of aII streams in ühis aree.

Per{.od,gf 9eeration $tudy--Exhibit 3 presents graphs
hlstorl-cal preclþiüaülon over the Bostwick Division. The

of

of rainfall for the Franklin-Red Cloud Unitarebased upon ühe
fall recorded aü Red Cloud, Nebraska. The Superior-Courtland
and Courtland Unit annual rainfall variation is shown by
ralnfall recorded aü Superior, Nebraska. The third graph
annual rainfal-l- recorded at Republic, Kansas, prior lo L935.
1935 ühe rainfall recorded at BelLeville, Kansas, is shown.
annual rainfal-I reco¡ded at Concordia, Kansas, has been
to show ühe precipitation i¡ the Scandia Uniü.

Some

ed

ouü-

ristic

t
the

I
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llaüer

These graphs do not necessariþ show all periods of
beeause even in a year of nonnal or above norual rainfall
dry periods, wtri ch reduce erop yields, are cotmon. Because ae
periods tend to'be more severe in years r*ith less than nomal
fa1].r the graphs of orhibiü 3 are used to indicate periods of
caL water shortage. The average annual rainfall is greater 5.n
eastern part of the division than 1ü is in the westerrr part.

The period of operatLon 1929-1947 rras chosen because this
i.ncludes ühe noet severe drought period (fgl-fP4o) in trieroryIt ls considered that, there is a sufficient water supply if it can
be shol,m ühat ùhere is ¡rater enougþ üo irrigate wl-ühout
shortages during such a period as 1931 through 194O.

Analysts of rainfall and strean flow data of upsùrearn ons
show there ttouLd have been sufficÍent water supply to fiIL all leSef-
voLrs prior to Lg29t therefore, the Harl-an Counüy and Lovewell
Reservoi¡s have been considered to be fuIl at the beginning of
operation studiee.

ùi-
the

ÏJater rï-ßhü.s,--Development of the Bosüwick Dirision uusüin conpliance r+ith the laws of Nebrasks ar¡d Kansas and with t
Republican River Compact. A brief eu¡runêr1r of the state laws
of the Republican River Corrpact, follor+s:

seid

by
in

State Constitution of 1920, Article TJ/, Sections 5¡ 6, and 7.following provisions are nade Ln Arüicie XV, CS Lgzg.

ilThe necessity of lÊter for donestic use and for irrlgati
purpos€s in the Süaüe of Nebraska is hereby declared to b
natu¡a1 want.

rrThe use of water of every natural stream within the of

a

Ngbrask? water laws --The Legislative Act of IB95 ls
be decLaratory of thd existing Nebraska 1an as far as the
a person to acquire a vested interest in the use of water
atÍon to a beneficial use is conce¡ned. This uas enbodied

Nebraska is hereby dedicatàd to the people of the Stat
beneficial purposes, subject to ühe prov:lsions of the
sectLon.

of

e

I'The clght to dive¡t unappropriated waters of evely
stream for beneficial use shall never be denied except such
denlal is denanded by ühe public interest. Priority of
ùion sha1l give the better right as between those using forthe sane purpose, but ¡¡he¡r the waters of any natural are

9
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Ìlat er

.t.

"ihfðr

earller date. Each appropriative right refers, in addltion
date of prionity, to a specific rate of diversion in cubíc
per second.

the folloring statute taken fronr the Revlsed Statutes
raska, L943, governs the uge of vrater in Nebraska for direcü
and storage rlgbts, Cbap. l¡6-2ll providear

ilEaeh appropriatÍon shall be deterrnlned ln lts priority
amount, by the tine at uhlch it shal'l have been nade,

l,i¡':
ing
agrisultural purposes shall have preference over those
the gsna for manr¡facturi¡rg purposes¡. Provided, no
rtght to ùhe use of r'¡ater .... shsll be acguired by a
r{.ght nlthout jusù conpeneatlon therefor to the uger r

ItThe uso of naters of the State for power purposes shall be
deemed a publlc use and shq1l nev€r þe ¡'lis¡stsd
Ieased or othe¡rrise developed by law prescribed.

,
t1

but be

The Suprene Courù of Nebraska has stated that ru¡¡¡ring Ìra er
Le public, Jurls; that ühe use of such Hater belongo tr the blic
and !s controlled by the State Í¡¡ its so;trereÍgn capaclüy and
a riparian propr:lefor cannot approprl-ate water without pernt
of the süste. Accordlng to the Suprene Court the State of
Deparènenü of Boads and lrrlgation has J-arge discretion ln
a right to nake an approprlation- It is an admlnlstrative
harrlng quasl-Judicial functlons and as such, is invested with l€esOn-
able dlseretlon in thc exercise of iüs supervisory powero An appro-
pr{-atLon nay be canoelled by the Department if it appears a
hearing thaù the ryater has not been put to beneficl-al use or
ceased to be.used for ¡oore than 3 years. Such a cancellation
the Departrent is subject to appeal.

by

Each approprl-aüive right contalns a fixed daüe which
the rlght to dlvert, wat,er when ühe supply is not adequate for
us€ro. TlrLs priord.ty daüe ls the dat,e upon r*trlch thd ftrst s

hat

rg

üsksn to acquire the rLght, provided
in perford.ng aLL subsequent acüs in
and appllcatlon of ühe r,nater to beneflclal use. The holder the
earlÍesü prlority on e sürean has ühe ftrst rfgbt to use wha
water ls flord.ng in the sLream and rnay use the entire flow if the
quanüiùy of water he hasppropriated so requires. Ëach
is senior to all thoee of laüer date a¡rd junior to alL those

a11
HA8

the

Neb-
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lfater

the a¡nount of water whlch the worke are constt:ucted toJt rf r+ Nodlroüment fron the Natural flor* of ùe gtrea¡ns
gatlon shaLl exceed I cuo ft. per second of time for 70
acres of land nor J acre-feet Ln the aggregate during
caler¡dar year for eêch aere of J.and for whi.ch such

irri-

tations

of

ll{? * 'ttThs oÌlmers orpossessors of reserl¡oirg shall noü
the rlght üo J-npound any water whatsoever in'such re
during the üine that such Ìrater is rerluired in ditches
dLrect inigatJ-otr or for reservoirg holding senl-or . +,c ¿f frn

- - , 
l,Iater gpprop.rlaüfons in Nebraeka,

rights for the beneficial use of water that have been gran
tlon--Table 4 lists

the State of Nebraska for diversion of water from the
by

River and fron tributary streams aü poLnts that rvllrl be
can

by Harlan County Reseruoir. y this table ghor¡s irrigators ttold
grants for a total- of 26.72 oecond-feeù of nater Ín this Table
5 llste the approprla tlon rlghts on the Republl.can Rlver
Har1an County Dan and the Nebraeka-Kansas gtate 1ine. L/irr{gators on the Republican River Ln Nebraska , below County
Dam are shown to have irrigaùion righto toüaling 39.t4

tlon shall havo been utarle, * ì? *;provlded that theee
dp not apply to gtoraeg -t:ltsr; e+ l+ +rr

Hor*ever, in Chap. 46--U|Z the fr.il.owing appears:

In Chap-. b6-24L, there are certain 1iraitations placed, on
reeenroire.

-

@d ln the Tuenty-seventh BLenniel
Departnenü of Boads and lrrigatlon, Nebraeka.

One power righü heJ-d by the Consumere PublLs pot¡erlI.sttd.ct llst ed
and ehoÌrs a right for theæe of 400 second-feeü of r{ater.

the Consuners Public power plant has been purchased by
Br¡reau of Reclanatlon, and thJ-s porær right subõrdinated to
lni8ation purposes. The pLanü was shut-down by the Br¡reau
Beclanation Febnra4¡ T, 1:g|là, and the power canáf filled in
earüh. The divereion dam will be removed.

s for

th

of the
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Weter

Kansas Ìlaü_ell,a!¡B-The lrl.gation District Act (t+2-T@,
G. s.@er lpprõpr{.ation Âct (B2s-?od, c. s
Ihneas) have conparatively recently rørrlsed the lbnsas-vater a
Tho constitutional validity rras upheld 1n a decislon of ùhe
Supreme Court on Ju¡re [r 19t+9.

gave
,

or beno-

es'
Sr

recognízed and erE exempt fron state regulations. Water us who
nere ueLng r'rater at the ti¡e the law v¡ent lnto effectror used
water wlthin a three-year period previous to that date,
ühoLr approprtations under vested rights. The water rlght the
appropri.ator nåy be terminated wh en hs ceases to we hLs
over a per5.od of three yeats or morer However ¡ theof rlghts for nonuse is subJect to ùhe dlscretion of the
&gi-neer of the Dlvision of Ì'later Resources nho makes a of
the Eonditions causing nonuse of water rigþts, and he nay
whether or not the ríghts shoul-d be t erminated. The ofthe C,ÌrLef Þrglneer nay be appealed to the District Court of
county in which the point of diversion for the appnopriation Lgsituated. The 1aw states that , where appropriation of water fordlfferent ¡lrrpos€s confllct , they shall take precedence infollorrlng ordor: domestic, nunicipal, irrlgaùion, ,rsoreeüLona1 and water FÊùfer. In disputes as betvrsen
the firsü 1n tine ls th e first l-n right. No linitation upon the
amount or rate of use of water that can be diverted ls by
fiansae larv. The quêntity of e lrater right is 1eft !o the
Ergineer, Df.vLsion of Ï'Iaüer Resourcos to set for each
use of watel. No provision is ¡!âde by tho lelr for the swater for future use. For this reason it r¡ay be pooslbla f ador'¡¡strsan user to denand netut&]. fJow if one Jreanls waterle hold in storage. Studies in this report essune thaü ühis r{i11not be possible.

furnLsh
River
dated

€
Con-

vtere

of
for
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of
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Uater

¡11 for ths use of well waüer and nost of them wer€ for uses
ilêÈêr by nunLcipalltleE or industries. One of the
appllcatl.ons !¡as for use of waüer f¡'on White Bock Creek.
on rhLch ühe approprlated Wh:ite Bock Creek water ls tr be
ls in thg resen¡oir slte, üherefore, the water use under
appltcatlon would be eli¡nlna'bed under the proposed plan of
nent. The renainLng appropriatlon applications lrere for use
uater fro¡n weLls or for the use of r¡¡ater frou Prairie Dog,
and Beaver Crsek, The water rights on these creeks are in
Kanaska Dlvisfon and are coneidered in the rrater supply
that unit.

It rras pointed out by offj-cials of the Kansas State Di
of ltlater Besou¡ces that final deter.¡nin¿tlon has not been
vested rlghùs ln this area. The inforrnatLon fon¿a¡ded to
Bu¡eau 1g based on the appHcations ntrlch have been filed
clalns for vested :{ghts. Although the infornatLon
rlghts Ln Kansas is inconplete 1ü is oncluded that water
unaccounted for will not affect the waterilpply strr{y presen
this report.

Dep1etíons for use of water fromretls are consl,deredb
reflected ln historical records a¡rd no special depLeÈions b
¡rater supp\y was made for these uses.

The e¡<tent of vesteddghts downstream from the BoEtrrick
has not been deterni.ned. Mr. R. V. Snrha, Senior Engineer
Kansas Dlvlsior¡
.Ianuary L4, L949
Rlver Dlstrlct,
llsted approprC.ation rights belorr the Bostwick Division,

ll¡ro¡¡.,....,...I believe that the principal uses
vested rights will be found are those for nunicipal
particularly at Topeka and Larvrence. There are so¡ne

Lånd

tn

the
ted

also

çtrich
3es,

Tecum-

t

tt¡e
o the

of

of

on
w:ater

uses such as the Kansas Power and Ltght Cøpany pJ.ant
seh, the Bowersock MiIL at I¿wrence and very likeþ to
e:rbent i¡ the vicinity of Kansas City. There wiII be,
also gome very limited use of water for irrigation by
occasLonal i¡dividual land or"¡ner along the river . .... ..

rrAs to appropriation rights , a certificate of appr
tion has been issued to the Sunflower Ordnance tlorks for use
of r.¡ater from the Kansas River for industrial purposes
exbent of 93 second feet and from we'tls j¡¡ the valtey t
e:<fent of I5.5 secor¡d feet. There are two applications

L3

KS001 952



for appropriation of water for irrigatlon purposes llom
Republlcan River in Geary County which are prior to the
tion of ühe Kansas Bosùwick Imigatlon District No. 2. 3€
applicatlons involve
a ùotal annual volume

a quantify of eight (8) second feet and
of 280 acre feet. There are also

ing applications
Creek in JeweIL C

for appropriation of r,¡eter fYorn lrlhite
ounty, prior to the Bostrrick project,

St¡pp\y

ühe
to

the divorsion of three and one-haIf (3 r/z) second feet
exbent' of 200 acre-feet from wel.ls and two ( 2) second
ùhe e:<bent of 35 acre-feet fron the streasr.rt

It is shown in the discussion of estínaüed downsüream
need thaù there r,qill be sufficienü natural flow water for
rights. The reporü of the Kansas Staùe Board of Agriculture
1950 containirrg a list of the Status of htater Appropriations
fhat the Kansas Bostw'ick Imigation Disùrict has an approved
cation for 130 ,000 acre-feeü annuaì.þ with a priority daüe July 16,
1948,

No application has been filed for the use of kthite Rock
water on the Cor¡¡tland Uniü. tsefore Lover.r¡e11 Reservoir is
pleted the Kansas Bostwick District should file an
use Ìlhiüe Rock Creek waüer.

to

t 19 An
for

author-

The conpact allocaüed for benefLclal consumptive use sürea^rns
in Colorado, annua$r, 54, 100 acre-feet of Y¡aüer. A total of 234r5co
¿cre-feet of water was allocated annua$r for beneficial ve
use ln Nebiaska, 132rO0O acre-feet of which was from the nain stem
of the Republiban River. Kansas was allocated ê total of gor300
acre-feef of water annuall¡r for beneficial use. Fifüy-two
three hundred âcr€-feeü of thls water r+as allocaüed on
of the Bepublican River originating in or flowing through
the remainder or 138rO0O acre-feet of rrater r.¡¿s ühe of
nai¡ ste¡n of the Republican River. The state of Kansas was
granted ùhe right, to divert all or any portf-on of the 138 ,oo0 acre-
feet allocatÍon at or near the town of Guide Itock, Nebraska. In
addition, the compact alLocated üo Kansas the enüire water
originating in the basi¡ belorv the Nebraska-Kansas süate rine A1l_

alfyallocations are subJect üo the allocated quantity being
available,

1/+
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WaÈor

The above-¡nentioned allocations vrere to be ¡nade from the
¡rater supply of the can River and the virgin waterRepubli

butari-eof al1. ùhe naJor trl- s of the Ropublican Rlver as
by the Co¡nnlssLoners of the Compact. Tt¡e Cornpact provides
the future conputed virgin water supply varies fron the ty
as estlnated in the compact more than I@, the allocations
be increàsed or dec reased ln the relatlve proportions that
future computed virgln rvater

if

of sucl¡ source bears to vir-supply
in thegin water supply as esùi$ated compact.

The avenage annuaL
the ¡¡raÍd streans in the
llsted tn table-3.

flow assumed in the Conrpact for each
basin and the allocatíon to each st are

. Fslixnetigp of higü,orlcat depletions --districts in the .BosöwicklivisionJ[ãt have
There are no lrr ion
used water hisfor irrigaüion. A few farmers , lnostly in Nebraska, have

their J"and by plnping from rvelLs a¡rd a few have established
for the use of river water and have inigated by punping fron
river. lrlater purnped from wells has not been sufficient to
the historical strea¡n fLows. The water rights listed in tab
and 5 can be used to indicate the rnaximum use of r¿ater from
river. These üables sl¡ow th¿ use of v,,ater has increased the

and
any

peniod of study. No records of exact diversions have been
there is no record of the acres irrigated. In the past, few
irrÍgaüors have used their filll_ water right in every year of
tion. In years of short water suppl¡ water was not to
gLve aII a full- supply and in years of plentiful r¡ater supply wa6
not necessany to use the f\¡11 water right. Due üo the 1ack data
and because water used from the stream has been snall_, no
tion of historical depletions has been made.

HLstorical records corrected for expected future t
are considered bo reflect the local sgpply available for
in the Bostwick Division. The historical depletions havo showr¡
in the foregoing
of actual hl,storl

paragraph to be small. Due to ühe laek of

daüa upon which estirnates of actual uses could be ¡nede L9
the accuråcy of the study woul-d not be greatly inproved þlng to correct flow necords for historical- uses, Since the storL-

cal uses in the Bostwick Divislon and

s4

the

uaes
for
st

lands
th lands

cal river flows have not been corrected for the past
of water in the Bost'nrisk Division, water shown to be avail-a
developnent of the Division is conservative to the exbent of
uses because the appropriative
County and Lovewell Reservoirs

rights subnerged by the Har1an
wil-l be eliminated and because

w:ith water rights below Har1an Counüy Dam have been included
to be supplied r+ith water under the planned d.evelopnent.

I5
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a

availÊb1e for al-L süations below Harlan County Resen¡oir used
:deüenrinlng the water available for develqpnent of the
Division Ís also shown. Exhibiü 5 ls a locaùion nap of ühese
Pertinent daüa describing these süaùions, such as ùhe type of
period of reeord, and the source of data are lisüed in ùable 6
cal records of ühe fl.ow aù Blooningüon and Hardy, Nebraska,
Scandia and CIay Genùer, Kansas, were used i¡ detersÉning the
accretion ln flow available at diversion dans on ühe Republi
River. Obher records listed r,rere used in deüennining the fI
inüo Lovewell Reservoir.

:, 'gtroarr-flow correlaüj.ons and esti¡ates -- ExÌ¡ibit 4 is'greph e Period of rec

Bloomineüon -- Hisüorical reco¡rls of the flow of the Re
can Rlver near Blooningüon are avail¿ble for the period from

Histori-

for

Aprtl I?29 to October 1947. l{istoricaL and esti¡ated flows at this
station are lÍst,ed in table 7. The records prior to Novenber
1u8, were nade by use of a chain gage and ùhe records sj¡ce
daüe uere rrade by use of a water-stage recorder. All records
ühls süation are raüed as good by the Geological Survey, exc
periods of ice effect' when the records are considered to be
fair. The average daily discharge at' ühis staüion for ihe
period of record. ending in Sepüerrber I9l+7 was. 72h second-feet. the
average annual flow u¡as 521r80O acre-feeü. A ¡noxinwn s
discharge of 260,000 second-feet was recorded June 1r L935 a
¡ninl¡nu¡n mean daily discharge of 6.8 second-feet was recorded
7, 1:936, The flow for ühe seven ntonùhs prior üo May 1929 was

6,
üed

by use of ühe flow deüermined for Hardy, Nebraska. By using e

raüio of the average a¡¡nua1 discharge at the two stations for

ü

toperiod of co¡nmon record, the flow aü Bloonington was e
be 87,7 percent of the flow at Hardy.

H?rdy -- Historical records of the flow of the Re
River near Hardy, Nebraska are avallable for ühe period, June
through Sepüenber 1947. The historical and ¿stj:mated flows
staùion are listed in üable 8. The average da1ly discharge
süation for ühe I!-year period of record vas 836 second-feeü.

discharge of 22JrO@ second-feeù Ì¡as reeorded June 2, 1935
nlninrrm mean daily discharge of zero flow occurred August

thl,s
ühis
The

average annual- flow was 581r30O acre-feet. A naxirn¡n
a

L93t+
The records aü ùhis süation were obtained by use of a wafer-
recorrler and are rated as good records by the Geological ,

fair.excepü for periods of ice effecü when they are considsred to
Flows for the period of October 1928 through l'Iay 1932 were
by correlating the flow of fhe river at Hardy, Nebraska and
at Scandia, Kansas for the period of concurrent record, see

flow
r6

l-6
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' hlat
:

i
fhls correlation shows ühe flow at Hardy to be p2 percent of

¡ flow et Scandl-a.

Scandia -- Historic
Rtver-ãt-3õãndia, Kansas

period
661¡1000

Supply

average
¿' The

al records of the flow of the
, see table p, are avaLlable for the

fron AugusL 21, JII1J to Juþ 2, 1925 and fron August 14,
through Sepùenber 1944. The historical flows and the esüina flowsof the river at, this süation for the ZG-year of

xoâJcinu¡n instantane sus discharge observed at this station uae ,o0osecond-feet recor.råed June 2, 1935 ar¡d a nin:imum mean daiþ charge
at
e

of zero flow was recorded fron.August 9-2I, I93l+. Thethis statlon prior to Juþ 2, 1925 were obtained by the use
süaff gage and are not used in this report since they are tothe period of the operaüion studies and the station was ted.
The records for the period Àugust 1928 through Septerrber gJ vrere

I,nade by üse of a chaln gage, and flows recorrcled afber
r935 were obüained by use of a nire weight gage, These rec are
raüed b;r the Geological Survey as good resords except forof ice effect ruhen they are considered to be fair.

The flow for

820 second-feet. The average annual flow is

was obtained by e
the peri

stimatine
od of 0cLober 1t/¡/¡ ührough
ühe inflow between Hardy and

adding this inflow to the flow recorded at Hardy. This uas by
deterrnining the average morrthþ- accretion between Hardy,
and Scandia, Kansas and between Hardy and Clay Center, Kansas forthe period of concurrent, records, October 1935 throueh Oct I9l+3.
these accretlons are ll-sted 1n ùables I0 and 11. The avera8e monühþ
accretion betneen tlardy and Scandia rras then deternined in
of ühe total accretLon between Hardy and Clay Center and the ent-
age $ras ühen used r,siüh the inflow between Hardy and CIay Ce t'o

L947
and

r@0
6,

on
stud¡r.

obtain the inflow between Hardy
through Septerùer 19/+7 period.

and Scandia for ühe October

CLay Center -- llistorical records of the
Biver at Clay Center, Kansas are available as
1904. The conplete period cluríng whLch record
ühis staüion ís shorvn in exhibÍt lr and table ó

flow of the
early as August 1,
s have been at

Historical cordsof ül¡e fllow aü Clay Cenüer are listed in table 12.

The average discharge at this station for ühe 3O-yearof record was 11093 second-feet. A nax;:num peak discharge of 195

fronr February t, I93q, f,o date coincide with the period of
A1I records of flow at this süati_on since February g, L934

second-feet occurred June J , l93r>. Zero flow uas recorded
7¡ and 9 üo September 8, I931+, The records ¡nade at this

L7
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l{aùer

nade by use of a water-s¡tage recorder except for the period of
.Ianuary 3, L935 to May 6, J-}35 r*hen a chain gage was used.
hlstorical records of flow aü this station used in this sùudy
rated as good records by the Geologlcal Survey, except for the period
of ice effect' when ühey are considered t'o be fair.

The flow for the period October 1928 through rlanuary r,{ag
estÍmat,ed by plotting ühe flows at Scandia and flows at Clay
for the concurrenü period, October 1935 throueh Ocüober lf{J,
drawing the correlation curves as shol,n tn extribit 7.

Whlte Rock Creek at Lovewell Da¡n site -- Hlstorical rec of
ühe flow of lihite Rock Creek near Lover.re1l, Kansas have been
since June 194ó and they aro llsted ln table 13. The
the flows in this table are esüimated flows. Historidal
this stat'ion were obüained þ use of a waüer-stage recorder

of
sat
ere

ta

considered üo be good recordo except for periods of iee effect when
they are considered to be fair. The ¡naxir¡u¡n bisüorical dls
for hlhite Rock Creek occurred on JuIy 10, 1950. A peak flow
23r3OO second-feet was measured. Zero flows for over a month
tine have occurred,

The hisüorical aecretions in flow between Hardy and Clay
üable II, were plotted against the historical flows of Trlhite
Creek, tn exhiblt I and the correlation curve was dral.¡n. This curve
was ühen used üo det,ernine the cstimated fl-owe of l{hite Rock
for the period Ocùobor I92B through April 1929 and Febmary
ùhrough May 191¡6.

The historisal flows of lJhite Rock Creek, aü Lovewel3. site,
Rlvertable 13, were plotted againsü the historical flows of Solomon

at Beloit, Kansas, see
curve was drawn through

table 14, in exhlbit 9 and the c
ühe resultin¡g points. This curve was sed

as a basis for estimating the llhitc Iloek Creek flows for May I
ührough rlanuary 1934.

HarlaF County Dan site. The historical flow at Harlan
Dan site which is about 9 miles above Bloornington, Nebraska,
estlnated üo be !8 percent of the hisüorical flow aü Blooningü
This percentage is based upon relaLionship of the drainage at
the two places which is 141405 squarc nriles above Bloouringùon
LArú| square rnifes above llarlan County Dan site. Tt¡e
flow of ùhe Repu'olican River at Harlan County Da¡n site is Ii
t'able lJ.

,

fn
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nearesü gaging
is aü Harlly, 'Nebraska

Ls ¿bout river miles downsüream fron the diversion da¡n.
hisüorical fl,ow of the Republican River at the Superior-C
Díversion Da¡n was esti¡ated by determining tho accretion in
between Bloomingüon, Nebraska and thr¡ diversion da¡n ar¡d

\-.

accretion to ühe historical flow at Bì_oonington. This acc
was.estimated üo be ó9.8 percent of ùhe accretion between

flow
the

the

Diversion

the

of
ted

ton and Hardy. The percent of accretlon was based upon
ship of the dralnage areas above each station, TaUIè ú

the

accreüion of ühe Bepublican River between Bloonington and and
Tabl-e 17 lisüs the accretion boLween Bloordngüon and the
Courbland Diversion Dam. TabIe.IS li sts ühe deterrnÍned
flow at ùhe Superior-CourùIand Dlversion Dan. Table 19 lists accre-

rior-Courtland

Dam and the süaüe line is listed in table 20.

proposed dlversion dam is considered to be the same as the
recorded at the Scandia gaging station.

The hisüorlcal accreüion betr,¡een ùhe staüe line and, the
Diversion Dan is the hístorical accretion between Hardy,
and Scandla, Kensas which t{as prèsented in üable 10. fúu
Lovelrel]. Reservoir will eliminaüe most of ühe accretlon c

üion betr¡een Harlan County Dam and. the Supe
Dam. The accretion in the flow beüween ühe

by ülhite Rock Creek in this section, üherefore, the hist
accretion of ùhe Republican River between the itaüe 1ine

ed

t

and
Diversion Dam less the flow of White Rock C¡ee¡ ¡¡¿g
l-isted in table 21.

and is

of
of the upon su that
be lefb üo the division afber a].l probable upstream deve
takes placo. Upsüream developmenù has beon divided into divi-
9iol"l the Frenchnan-Cambridge, the Upper Republican and. ühe
Division.

the

r9
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Dqpletlons for the Frenchrnan-CambrÍdge Division .!ìEre for
tho irrlgation of 68157O acres by Bureau pJ-anned developunent
8r95O acr€s by private developnent. The average depletion the
19-year period of operation ïas 9l+1600 acre-feet per year.
ment of ühis division would be acconplished by using waüer ored
5,n l¡ reservoirs. Trenüon Resen¡oir i¡ rurder construction on
Republican River near Trenton, Nebraska. Closure was made Enders
Dam on Frenchnan Creek October ¿3, Lg5O. Storage ln Harry
Lake began upon closure of Medicine Cresk Dan August I, l9l+9 Red
Willow Beservoir on Red lnlitlow Creek is planned for flrturetion by the Corps of Engineers. The capaclties of these re s
are listed in table 22. The acreages of the various units
division are listed in üable 23. Tabl-e 24 is a surynary ta
ühe annual depletions for the 19-year be
caused by the dovelopment of ühe Frenc

the
of

. The operation study of the Frenchman-Cambridge Divl
the lands to be served fro¡n ühe ftrders and Red WtILow Re

sLon shows

r¡ould Lncur moderate shortages ab ti¡nes. Lands served by
Dam had shorüages 1n J years out of th'e 19 ]rears süudLied.
largest shorbage was 13 .J percent of the eonsunptive use
and the }ands served by the Red lfill-ow Darn had shortage in
J¡ears during the period of study. The largest shortage for seIands lras a shorüage of 13.6 percent of the consumptivo use
nent,s.

The flow of the Republican River excluding tributarÍes the
Kanaska Di.visi.on, i-nto the Har1an County Reservoir after aII
posed upstream developments d,etennined in the
Definite Plan Report is Ìisted in table 2!. The upstrean Long
on the Republican River result fron the above-su¡nnarized
of the French¡nan-cambridge Diulsion and bhe upper Republican
sion.

Upper Republican Division
covers the drainage area abor¡e

-- The Upper Republtcan
Trenton Reservoir, Part ofof Col-orado, Kansas and Nebraska are included in bhe

nain strea¡ns of the area arê the North Fork Ropublican,
South Fork of the Repubì_ican and the Republican Rlver.
were rnade in the water supply study of this divLsion forof 61700 acres by private means and for the irrigation of t3
a,cres by E"rreau planned deveJ-opurent. A breakdov¡n of the ac

states
The
t
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l{ater Supplf

.thq water supply study of ùhis area is shoy¡n ln üebleg 26,,... L
i

'1,.

: TÌ¡e plan for darelopnent of the Uppgr Ropublican Divl.sion calJ'a:
for h¡ilding l¡ reservoirs. Wray Resenroir on the North Fork of the'Republf.can Rlver wor¡ld store Ì¡aüer for deveJ-opnent of the Norùh
Republåcan Unit. The Pioneer Reservoir on the Arilcaree River, above
the No¡th Republican Unit would regulate flood fl-ows. Borury Res-
en¡oir on the Santh Fork Republfcan Rlver woul_d stone watef for the
developnent of the St. Francis Unit. Rock Creek Reserrroir on Rock
Creek t¡ould store uater for the development of the Berrkelnan Unit.
9torage alLocations for the reserr¡oLrs of the upper RepublLcan Divi-
.slon are }lsted ín table 22.

Table 28 is a r¡ummar]' of the annual depletlons for the devel-op-
nenü of the upper Repubrican Division. This tabre shows the average
annual deplotion for the L9-year period of operation tras 35r7OOacre-feet. The operation study of this unit shows there is an
adequate vaüer suppry for the planned deveropment in this dívision.
The- onþ shortage in the divLsion for the entire period of study was
a shortage for lands served by Rock creek Reservoir of Lr8oo acie-
feet in 19lro. This r¡as egual to 6.6 percent of the consumptlve use
requirenent.

' Kansaka Divi-siòn -- The Kanaska Div:ision includes ühe drain-
age añc@]Gaver and prairie Dog creeks Ín Kansas, Nebraska
and colorado. The pran of devetopnenù for the division caris for
consÈructÍon of three reservoirs which wourd sto¡e water for irriga-tion of 7 r7OO a,cree. It is e>pected that, ult{nrte developene¡rt of-private irrigation in the divisior¡ by use of prrnps or sträa¡n dÍver-
sions rnay 19ach 7t4æ acres and that developnãnü of farrn ponds nay
cause a¡r addl-üional depletion of Ir40O acre-feet per yearr

The Nerson Buck Beservoir on Beaver creek, near cedar Bruffs,
{angas,'_rdth an active irrigãiiot rto""ge capacity of IITJOO acre-
feet will store yraùer for the irrigatioñ ot 1r2oo-ecres in Nebraska.
Private^inÍgation developnent above the reservoir nay reach a ma:cl-
-t.-ol 3rlr50 acres, and below the proJect area 5O acrãs ûay be devel-
oped by private Lrrigators. tr\rture depretions to the flof of Beaver
q1gek caused by develo¡ment of fam ponds are e:çected, to average
8OO acre-feet per yea.r.

oberrln reservoir, on sappa creek near ober]in, Kansas, rçiLl uso
an_active storage capacit¡r of 1lir80O acre-feet for inigatión of
rr50o acres in Ka¡rsas. t\¡ture private irrigation deverãprnent on the
stream is.esti¡oaùed at flo acres above and 2rz5o acres uátow ühe unLtar€ar Í\rture depl-etions due to private pond deveropnent wilr average
400 acre-feet per year.
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'iti ,.'..'Thg.l.I9rton Rese:r¡olr on Pralrie Dog Creek i.s near Norton, Ken- ;,isas. ;,It,rrritl have an lrrigation storage capacity of 2O,0OO ¿ðre-
. þlìeoù end rdl],supply water for lrrlgation of 5rO0O acres ln the .

Alnena Unit ln Kansas. Ultinate prlvate irrigation developnenù is
esüinated aü 500 aores above the reservoir and 40O acres below the
unit area. firture private pond developnent wilI use an average of
20O acre-feet, per year.

Storqge allocatlons for the ühree reservoirs in the division
are shown in üable 2t, and proposed project acreages appear in table 30.

Table lI sumarizes the depJ.eüions to the waùer suppLy resulting
fron conpleüe developmenü of the Kanaska Division. The average annuaf
depJ.etlcr would be 2Jr80O acre-feet per year.

Operation studies forr the reservoirs in the divlsion stror*
that the Nel-son Buek unit would have had a fl¡IL water suppþ for
the sntLre lg-yean period of study. The Oberlin uniü would have
oçerienced ehorüages in síx Jrears of the perLod¡'ühe three ';
largesü beiag 3r3OO acre.feeü t¡ 1934, 2rgC[. acrà-feeù in 1939 and
2rLOO in 1950. These shortages ¡epresent consumptive use shortages
of l&.L, 18.6, and 28.4 percenü respectively. The Al¡nen¿ Unlt
would have been shorted 1n j years of the period, ühe greatest short-
age befug lOr2OO acre-feeü in 1934r or a consumpüive use shortage of
J6.l¡ percenü,

Although the present operaùion studies for ühe Kanaska Divisl,on
would seen to indicate. sone of the proJects to be infeasible, lù is
realized that much of the crlterla useã nray be revised in thé ffeht
of fi¡rther studies and exbended records. rü is believed rikeþ that,
more .conpl-ete geologic lnfonnatJon rnight result in rower esüi¡nated
seepage rates for the dams. There is also a possibilJ.ty that alter-
nate sltes nlghù be used. Since a defi¡rite plan report on ühe Kar¡-
aska DivLsl.on is noü yet scheduled, the present operation studles
are consLdered adequate for deterrnining the effects of development
upon the Bosürvick waler supply.

. TabLe J2, uhich shqws the shortages occurring in the reser¡¡olrs
_in the fl,epublican River drainage area rvhen oporated indeperdentþ,
'gives an lndication of tha shortages incurred in ttre Kanåska Diviiion.

_ The depleted inflow from the Kanaska Dlvision into Harlan Gounty
Reserrroir, after upstream developent, has been determined fron the
operation studies of the resen¡oirs in ühe divisi.on. Table 33lists ùhe flow at the nouth of Prairie Dog creek afber developnent
of ühe Al¡nena Unit. Table 34 1lsts the flow of Sappa Creek after
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Be¿ver Creek,
Creek near Sùan'-

dcvelopent of the Oberlin Unit
and ùabLe'35 lists the flo¡v at

Etivqte development - The usE of v¡ater Ln Kansas River Basin
due t@elopment of inigation is an inportant
par{ of the fi¡ture depletJ-ons Ín ùhe baein. Depretions lor fr¡ture
private developnrent above Harlan county ReservoLr have been nade
1" tt9 waùer supply sür¡dies for the I'renchnan-CanrbrLdge, Upper
Republican and Kansska Divisions. Iü is considered thaù tf¡óre
$.l.l- be 21600 acres óf fi¡ture prÍvate developnenü in the Bosür+iok
Dlvislon between Harlan county Dan ¿nd superlor cou¡tland Dlversi.on.
Depletlons for this developnent ae listed in table 3?. Iù was con-
sÍdered ühaù ùhere would be no imporüanü depletions due to deverop-
nent of far:n ponds 1n ùhese river sections, therefore; the above
ùabl-es do noù include any depletions for po¡rd developnent.

Not a1r of the historicar accretions between Harlan county
Dam and the superior-courtlar¡d Diversion DaB ri1l be available for
divorsj-on, due to depletions for private develo¡rment above this aroa.
The deproüed inflow'for this reach of Èhe river-has been compuüedi¡ ùable 38.

_ Qgality of gurface water - The quality of the waùer i¡ the
Rspubllcan Rlvor, grtgtnaütng abovo the moutl¡ of sappa creek, has
boen-dLscussed {n deùeil Ln ühe Deflr¡lte pran Reporã- for the ¡?ench-
gn¡Ganbrfdge Dlurslon. Detalred anaryses were äa¿e by the u. s.(Þologicar sì¡n¡ey of sanpJ.es taken frour Frenchnan cree[c aù ftrders
ïrd at Culbertsoni from ùhe RepublLcan Biver aù Max, Trenton, and
canbridge and fron }ledicine creek at canbr{.dge. .anátyses aLso were
n¿de of sanples from r¡errs in the proJect qre4s. Alf saryIes of
surface and ground u¡ater indicated excerrent to good quaúty forimigation purposes r.r:iüh respect to total dissolved sjtt" aird percenùsodiqn. Boron concentratior¡ was shoun to be 1ow enough for ühã
waÈer üo be classified as excelrent to good for crops sensitive to
boion.

Detailed chenÍcar anaþses have been nade in the Bostwick
DlvisLon, b¡'the Geological survey, of r*ater taken from the Republt-
can River at 0rleane, at'- lIo9rnington, a¡¡d near Hardy; and fron'sappa
creek near stanford, and prairie Dog creek at, ¡torüoi. rhese *"iiã""
have been used in stud¡ring the quallüy of water in the Bosür.¡ickDivision. These anaþses are listed in tables 19 through 43.

mouth of Beaver
ford after developrent of ühe ü. Tab1e 36 ls a
sumrnåry ùable showirrg ùhe 'inùo Harla¡¡ County Beser-
voir after all upstrealo developmenü. ThÍs fs the sun of üables 2!,
33134, arrd 35.
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conglderation was nade of the forlor.rlng factors in deternü.nlng
sultabtllty of vrater for irrigation.

U. S. Department.of

f;,

' I. ?otal saLt cd¡centratlon

2, Percent sodium

3. Boron concentratLon

l+, Sodit¡n carbonate or bicarbonaüe concontration

Perrnissibl-e linlt,s of totaL sal-ü concentraülon, percentage of sodiun
and boron concentratlon.aro d,ossrlbed by L. v.'}fitcox, a[ronomisü,
E¡reau of Plsnü rndustry, !/ Totar- sart concentraùlón ana perceit-
age of sodiun of the samples were pJ-otted on charts, exhibit; lo
through 14. Thess ext¡ibits shoÌ', that arL sanpJ.es analyzed falr inthe crassificetion of excerrent to good for irrigatj.on purposes
rrith rospect to totar dissolved sarts and sodiun-perceniagã. The
che¡nical anar¡rses show the boron concentratlon is very roú and the
wator is of excelLent to good qud-ity for use by planis sensitiveto boron.

_ A graph was d¡awn for each water sampre anar¡zed shorning ùherolatJ.onship of the carbonaùos and blcarbònates tã tne calciõn,
nagnesi.um, sodlum and potassium, e:cprossed. in equivalenü parts-perni{iolt These qraphs rndicate-po"ãiuility in s-ome ã"""", of a con-centratl-on of godiun carbonate. since the total of dissorved salùsln all easss is very snar.r, ühe water is conslderea iã ue satisiãcioryfor irrigetion.

Ground r+aten

-

There are two. areas r.rith aquifers zuiùabre for irrigatlon woJ.IdeveÌopnent of upstrea¡n units. Any developnent uv purpù r"orn Èrãun¿rrater in'ùhe rlver arruvlum of ühe-Bostwick Division o, in the pratùe-
.Bepubl-j.can dlvlde area would affect the waùer supply ãr tn" sostlrióùDivision. other areas surrounûing the Bostr.rick öivision are under-l,ain ïrlùh for:nations thaü r+il-l yleld onþ snarr qu"rr¿iti*" of water..tho pot gntiaL depì_etion to the Éostwiclc iater 

"upify i"o,n ground_¡¡ater deve)-opmenü is dr.scussed, r.n the forloruine iä"ãeràp¡"]

frl rr0,¿lify of ?,later for lrrigation Userl
.Agriculüure, lechnical E¡ILetin 962.
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ii - _ Gl-oupÈ,r¿aùgr in the river alluvir¡m - Prlor to the recent
i'IrrigatLolri'deyelopmenü thaü has been made under the Super{.or .

'Cens1 and Superior-Court1a¡rd Canaf only 3136I acres uere reported
to be ir.rigated Ln the Bostwick Divlsion. This trrigatl-on was aIL
ln Nebraeþ. The r¡ater r"¡as obtaj¡ed by pumplng fron wells.

The rnost jrnForüant use of ground nater fron the river arlurnit¡¡als for supplylng the ¡nunicipal and do¡nestic needs wtrich are met
entlreþ fron grornd r¡ater. No special deter¡nination of these uses
has been rngde. Past uses are consldered to be refrected ln hl.etoric
reco¡rls and no significant changes are antLcipated in fr¡ture uses,

F\rture lrrigatlon d,welopmenü try pr¡¡¡ping from the aquifer of
the river alluvium ls not antidipated because the irrigable t¿nd
along the river w'iIL be served by canals fYon HerLan County Dam,
Seræral facüors have conùributed to ühe fast ühat ltttLe irrigatlon
developnent, has been made along the river by use of ground waùer.
The alluviun has a great deal of very fj¡e sand in it and well_s
n¡¡qt be drilled 1n an area r¿t¡ere there ls co¡rsiderabLe saturated
thlckness (esülmated nini¡n¡¡n - 40 feet) in ord,er to yierd sufflclent
uat-er for irrigation. The alluvium with sufficient saturaüed
thlckness is usually found only ln ühe area close to the stream and
thLs area Ls often subJect to fl.ooding. The alluvium in Kansas
has euffLcient, saturated thickness for irrigaùion wells, however,
nany of ùhe soil-s in this erêa arô tob heavy for succesåilf frrfÁa-tior¡, The Unlversity of Kansas pubJ.ication Br¡Lletin n. U lnùLcates
the yield of wolls in tt¡e area bêtween the Nebraska-Kansas süaüe
ILne and Scandla, Kansas would be too snall for extensive tr¡{.gation
development. In the area below Scandla, wel-ls yleldlng I'OOO
gallons por rninute could be devoloped, hor+over, ùho quality of the
nater from wells south of the Republtc-Cloud Counüy line J.s question-
able.

Two bul-Ieti¡s have been published wtrich give daüa on ground
uater in the Bostwlck Division. The Nebraska Bostwlck data is pub-
ltshed ln a hlater Supp1y Paper publlshed by ùhe UnÍverslüy of Nebraska,
Conpen¡atlon and Sunrey Divlsion, / And ühe Kensas Bostr"¡ick ground-'
water daÈa Ls rmblished in BULLeüf¡r ?3, Unlversity of Kansas R¡bLi-
cations. !/

@sources sunrey lùater Supply paper 1, rrGround,

tlater in the Republican Biver Basin j¡r Nebrask¿rr by H. A, ülaiüe, E.
C. Reid and"D. S. Jones, Jr.
?/ Ground l,lster Rosources of Republlc County and Northern Gloud
County, Kânsås, by V. C. Fishel.
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i;'1" ' Þd¡lblts t5, 16 and 17 are profiles of the Republican River
VaLLey near Fra¡¡k1irt, Bed Cloud and Bostwick, Nebraska. they aro

i of.lnüerest because they show the general geologic fon¡atLon ln'
thts section of the Division.

Þrltiblùs L8 and It show the locaüion of observat'ion wells and
cmtourg of the Bosùwiek Dlvision, These are tho maps üaken from
ths state ptrblications referred to previously. The naps gLve the
general. picture of the water tab1e. It has been anticlpated that
drainage problens uould occur in plaees due to the planned lrríga-
tion development and the existing uells woul"d not give tho requlred
conüroI on changes ln the water levels. The Geologlcal Survey drllIed
soxnê additlonaL wells in 1950 and prepared a depth to water and a
water level contour nap based on the data available at that tl-me.
These naps are avallable at the Bureau of Recl"a¡nation Kansas River
Dlstrlct Headquarters. The DraLnage section of ühe Bureau of
Boclanation üook over the entiro observation nelil prograrn ln ùhe
Bostrrick Dlvlsion during 1950 and installed 52 wells ln Nebrask¿.
In 195]1 53 addiüiona1 nelIs were added 1n Nebraska and lI wells
wers added in Kansas. One Hundred si:<ty-one r+ells in Nebraksa and
97 welIs'l.n Kansas were being obserrred in 1952. these weLls wers
being observed rnonth\r except for Decenber and February wlren they
were not read. Certain wells along the canels were read bi-uronthly
during the irrigation season.

Ground water. Flaüte-Rgrublican DivLde are+ - The following
cm¡mtatlons have been nade for ths purposê of show'ing the effect
of poüenttal ground-water irrigation developnenù in the Platùe-
Bepublican DLvLde aree upon the Bostnick Diuislon water supply.
ltre conputetions ara based upon data glven on ¡¡taps obtained from
tho Unlversity of Nebraska Conservation and Surwey Divisíon. The
naps are not included as part of this report beeauso they are as
yet unpublished and aro subJect to nlnor revision. they do rspre-
sent the Latest-and most completo data avaLlable, however, and aro
suitable for this anaþsis. The naps obtai¡ed from the University
of Nebraska Consen¡ation and Sur.vey Division include:

I. A unter table contour uap of South Central Nebraska,

2. A ¡nap showing saturated thíclsress of Plelstocens ¡naüerlal.

3. A Pre-Cenozolc Topographic and Geologic Bedrock Map.

b. A nap indicating ühe depth of the water table below the
gurface.

¡
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'wtthin 2@ feeÈ of the surface in aLL br¡ü a few snarr erie€rs of Èhe
'Platüe-Bepubliean Dirnide. Any area rdth sufficl-ent saüurated naüer-ial to suppl,y an LrrigaLion weIL vras considered a potential area
f9r ueII'developmonü. The area where potenüLal deve).opnent wiIL
affect ühe Republican Rlver flovr narrowed'doun üo the a¡ea of
Pleistocene nateriar shovrn on exl¡ibiü 20. søne ft¡ture deveropnenü
nay resulü froro punping frour the @a}Iara for¡nation in phe).ps, Girs-
per and Frontier Countles, however, avallab1e det¿ indicates thab
onþ the norbhern portlon of the countLes have sufficient saLuratod
thiskness for irrigatÍon weLl devel_opnent in the OgaIIaJ,a materLal.
E:dtibit 2 shows the loeation of the eounties Ln this discussion.
computations presented ln a Definite Pran Reporb for the Kin*in unit
in Kansas indicaüe that prrnping from werrs 15 nires or more from
a sbrean wLll- noL cause material stream depretions duriag Lhe first
50 years of prrurping. The Ogallala area ol potenüia1 developrnentis over 15 niles removed from the stream and is therefore not cm¡
sLdered to affeet the Bosür+lck water supply. rù ls arso Ìlkery that,
any depreüion due to purrping ln this area wirr be aü reast parirarly
offset by rettrrn flows from irrigation under Tri-County canåIs.

The area ühat could be irrigated by punp developmenü has been
estlnaùed by use of Nebraska county soLr survey naps. The estj¡ated
potenülar area for each tor*nship ls noted on exhiblt 20. A toter'
area of 5ô1000 ecr€s is indlcaüed.

the depÌetion to ühe Republlcan River has been computed by
$13'",rlts . .liLe ( see the dotted rlne pararrer to the Rivèr, exr¡i¡iu
?o) bhrough the pol-nt,s wl¡ere sbream frow beglns 1n the streams northof ühe river and conpuüing the depletlon i.n grornd-r'nter frow ecrosg
Lhls line due üo tho potentlar deveropnent. -r1¡e location of the
points where flow beglns is üaken from llater Supply paper Z?9 pub-
rished by the u. s, Georogicar survey. The poiäÌ,s-wÌ¡ei-e flow Leglns
-on 

Thmpson and lurkey creeks were checked in the fierd on Octobãr zg,
L952.

The lmFermeable Niobrara for¡naüion forces the water ùo the sur-
face aIørg this line, therofore¡ it is a naüural }[ne for sprinls
t9_lnnear and starü the streans flowirrg. Levels of ground rlnter
l¡iLr be maintained at or near ühe present elevation, due Lo the-
g99logic characteristics. For thls reason the r,¿üer table alongthis line can be treated the sa¡æ as a strean ühat w'irr nainüetã a
con¡tent waten Ìevel.

The depreüion Lo ground-water frow across ühis l-ine is consideredto be eqrar üo the depretion to the ríver becsuse rnost of the streans

\-

t' ¡;
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q 
= flow f,ro¡n stream ùo r+eLlr or

in this case, depletion to
aquifer outflow by ùhe ruell,
aù tine t

-.bcgln'thelr flow aü or near ühis 1ine. By nraktng ùhls asstlnptlol. , .

l,lt':lis not, necesgáry to brealc down ühe emputations ar¡d deùernine: 
- 

.'lthe deplsùÍon üo 'each stream separateþ.. ' :

The ¡neùhod ouül,ined btr l{r. R. E. Grover in his ¡nenorandr¡n ùo\
ùhe Hydrorogy Diviston, Branch of proJecù prarurine. daüed JuLy 1r. /
L95r''.rs-used in the forlorving cornpuùãtions üo aetãrrine ühe-pc-tfn--üíaI depleüíon to Èhe Bostwick waüer supplìF. The meühod is based
on th9 forlowing fo¡muIa developed for conrpuüing ühe rivor dopleüÍon
as a f\rncùion of ti-ure, caused by punping fro¡n a-welr near a r5.wr:

q- 2-F
/Tr

vs

where F = flow from the r+ell

V = raùio of volt¡me of waüor dral¡ed' from a sand ùo total vo1r¡me
of the sand

ü ¡ tlme s5-nce punping began

h2= KD

l-l
X = perineabillüy of ühE aquLfer:

D = saturated thicknEss of equtfir

o

Je
x

lã_æI

' . , . .Tab1e-l¡l¡ has been conpJ,Ied tolshow tho computation of thepgtqntler depletl-on that woulã resulü from ühe po"ãibr" developrnent
aft-er lo ¡rears. the average varues for prelstocene naterLaL häve
been used for the penneability and yieLd of.the aquifer. A varue
of. O.@155 -feet per sesond ls used lor Iç the perrneab5-Iity, Vr ùheratio of voÍds to ühe toüar vorurne is estÍnaüèo to be .zo: Ã corr¡¡m
by coluwr e:çlanation of the ùable follor,rs. columr one idenüifies
each_üownshin of potenüial depletion in the depletion stu{y and corunn
two lisüs ühe acreage of poüenüial developnenü- ln each üowishÍp.

2B
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for IO, 20, 30, 40'and 50-year periods. The t

j 
' .- ,:;; ¡ :,..

r. .,1 .

. ¡; ¡ .'É ¡ir

1n this quantlty is the punpine tine 1n seconds. The varues in these-
oolr¡¡nns are used r+ith probabirity integra]. tables üo dete¡nine ühe
vaLues usted in colu¡nns l-L throwh 15. lhe varues ln colunns l-l- - Lj
ere;d€ducüed fbon I to obtain $ as posted in coruwrs L6 - 20. values
:f-Ë lff a ue1l_gpelale_d for añy parü of the fifty Jrears (""y 4O years,c9|: 19) are nul-tip}ed by acre-leót per atu¡u¡tr aepielton on tir.,.cie"g"'
whlch ca¡ne Lnto irrigation durfng thã tnitial yeàrs for that lana (iithis case übe Loüh year to the 2obh year, col.-22). Ttre product is
J0th-year d_ep]-etlon ln_ecre-feet by áuch'rand (coi. zzj, ã"-"iiå"tãa .tthê dotted line, ùch. 20.

--rt ls expocüed that lrrigatlon development in the area will neces-earlþ occur over a considerab]-e perlod of tlme. An estfunate of this
deveLopnent-pefiod has not been rnede. Therefore, the rate of deveropnent
curver e¡ßhlbit 2l- detennined for the Ladder Creelc area Ln Kansas has Ëeen
used for this area. since rittLe deveLopment has been ¡nad.e to date inühls area, lt is probable that the rate óf d.evel-opnent r+iLl- be somevrhat
sl-ower than In the Ladder Creek area wl¡ere consldärable derrelopnent alread¡rr4"tg: i¡aiuit 21 indicares thar Tf,, J3ß, tX, tø-*ra fi ãt lnà d;;ipoüential area wouLd be developed in úhe súcceeáitrg io""u¡nentaL lo-yearperlod $uring the first 5O years of developnent. ihe acreage that wouldbe devol-oped in each township accordlng to thLs curve is riãtea in col--
t¡¡nr¡s 2L - 2r,

_The average consunptive uso of irrigation water under the Frank_I:ln canal is L.o acre-foot per acre. 0nã acre-fooü per acre nuLtiplled
by the area developed, CoL. 2L - 25, gives ühe consunptive use froùÏlator prmped. These corunns, therefore, represent consunption from ühe
weter punped. The rate of depretÍon for 5o]æars is nnrltiplied bythe acreage developed during lhe first lo yeárs and the aeþretion-rate
f9r 40 years is unrltipligd b:,'the acreage áerreloped during the second
tO¡v:ea1 period, etc. corumr¡ J1, is the sì¡m ot å}¡mns ã03o, iirã 

--
totaL dep]-etion for the 50th yeãr is shovm to be 6r|¡6O acre_feet.

Depletions for private developnent in the platte-Republican
Dlvtde aroa are deterrnined on tabl-å i7 and, discuesed ln ihe fore-gotng scction, tPrivate Development.i' Thu discussion shows that
depletions nere nads for deveLopnent of onþ zræo acres and they
would cause an âverage depl-etion or 216@ aóre-feet per acre per

ri¡
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of the 6156O acre-feot per acro Lndlcaüed by the
The 21600 acro-fest depletion is considered üo ..bo'

tbe pnobable.depletion for ühis area durS.ng ühe first l¡O years,
¡rhlch ls the nepa¡rnent perLod of the contract. The raüe of derrolop-
nent curr¡e ,used t,o obtain the 6 ,5ó0 acre-feet depletion Ls based
on the'Ladder Croek area in Kansas wl¡ere considerable devolopnent
has bsen nade. It, is noü believed thaü developnont ulll take place
as fasü Ln ühis area as iü wil]- in ùhe l¿dder Creek area.

Ql¡Ality of ground uater- Tt¡e gualiüy of ground r+ator in Nebraska
h¿s been sbudiod by Herbert A. Swenson and is reported in the Uniüed
Statss Departnent of Interior, Geological Survey ClrcuLar 19. Y
TabLe 45 liste the nlneral cor¡stiüuents of wells ln the Bostv¡Lck-
Dlvision as pubrished in the above report. The t,ota1 sa1ü and sodLun
percontagæ'listed ln thls table have been plotüed on exl¡LbÍt 22.
Thts e¡ùiblü indicates the ground water Ln the Nebraska portion of
the dfi¡Lslon is of orccsllenü qual-ity insofar as these ùwo faotors
are concorned. Anaþsis No. 3169r U. S. GeoLogical Survey, tfell
No. 1-5-31 CC, indlcat,es tho water frør this well has a tiitte
hoavier salt coneentration and a higher sodium percentage than any
of the oüher ¡'¡elts lisüed. the water from this weII, hãwever, is
quite sattsfactory for irrigation purposes. ðar graphs shordirg
the anl-ons and cations in solution in equivalenü paris per rnitÍte¡
were drawn to study ühe possibility of for¡nation of sodiun carbonates
or bicarbonates. The above-nentioned analysis No. !16!, see üabLe
lr5¡ uas the onþ w¡rl that had waüer wt¡ich indicaüed any possibirlty
of for¡nation of sodium carbonates. Thls r.rerl is located near Hardy,
Nebraska,

The qualiüy of ground water in the Kansas porüion of üho
Bostwick Division is discussed by v. c. r'ishor in the above-menüioned
universlty of Kansas PublLcations Burletin ?3. rbe reporü indicates
the aquifer Ln the regS.on between ùhe Nebraska-Kans¿s itaüe ltne
and scandia is too thin for developrnent of large quantities of uaüer
ar¡d the qratiüy of water in ühis region is noü repirüed. 'Ibe aquiferin ühe_r.ogion botween scandia and concordia is adèquate for deveiop-
menf of lrnigation werls. the water fron the wells in the area
betr¡een Ssandia and ühe Republic Oounüy 1inc is thought to be suit-
abl.e for lrrigation. The qr¡allty of the ground rnrater in the area ln '
Cloud County is questionable.

V. ¡rogt-"ss Reporb on the Grourxt-lJater Hydrology of the Ropublican
and Enenohnan River valleys þ. Her*h'rt A. haite and others wiüh a
eecfion on the chemical quality of the ground waüer by Herbert A.
Swenson.
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Water Supply

Estl-naùion of Donnstream lrlater Need

3-+#
, frWaler uses dounsùroam fron the Bosür+ick DÍvlsion are largoþ sonflned :

to'mnlclpal,'domestLc and i¡dustrial uses. lfurricipal and do¡noslic rlghts
are'alI supplled'fþon weLls. A certificaùe of appróprÍatLon has been Lssued
to the Sunf;Lower Ordi¡a¡¡ce l{orks for the use of Kansas River waüer near
IåÌæenco, Kansas to the exbent of 93 second-feet. Vested rights for ùhe
use of natural flow are held by the Kansas Power and Light cøpany pJ.ant at
Tecunseh, Kansas and the Bowersock nilI aù Lawrence, Kansas, Accorôing ùo
infomation obt'ained frorn t'he offLce of the Kansas Division of htater Resources,
the Kansas Power and Light conpany ri.ghü at reeumseh is for use of ?j.4L
niLllon gallons per day. Thrs is approxinateþ 114 cubic feeù per second.

Tho anount of water that the Bowersock urill at lawrence, Kansas is
entitled üo use has noü been deterrrined by the pivision of lrlaüer Resou¡ces.
The origlnal. grant was ¡nade by the City of Lêwrense to orLando Darting
on soptenbgr 3ot L872. The power has been used for variqrs purposes since
the right was fl-rst established. Power has been furnished to a paper
plant and an lce plant for about 20 ¡rears, Excess power is sold ùo the
Kansas Power and llght' Cornpan¡r. the power p)ant consists of seven genera-
tors thaÈ lrl11 produce a toial poak load of 2r0OO killowatts. I¿ la esti-
nated that 185o cubic feet per second is required to produce the nåxi¡runload. Tbls estLnste is based.upon an overaLr efficlency of 75i( and an
opgratlng head of lf feeü. Hlstorlcal perlods of 1ow flow have occuired
tul¡ich prevent naxim¡¡n po!{er production,- Periods of high flon aLso preyent
nardøt¡¡ß pow€r generation because high tail water causes Loss of heaä.

îhe effect of developnent of the Bosùwisk DlvLsLon upon the por.{er
rtghts on tho Kansas River has noù been fi¡atþ deÈermlneä. Return flows
are e:çected ùo i-ryrove the flow and v¡iLl be oi benefit to ühe power
rights during Low flow per:iods. rhe reservoirs w"irl also be beneflctal
!9 nowgr rlghüs because of the regulatlon thaù wilL be given to flood flows.
The_water supply studies show that developrent in CoLorãdo a¡rd Nebraska.Ì¡ilL be within the ùerms of ihe Republlcan River Compact, therefore.,only
dlverslons or storage in Kansas aro sonsidered to causu iossibte aejteüions
wt¡ish would affect the power rights on the Kansas River. rf diversionsat Scandia and storage in Lovewell adversely affecü the dorursüream polr¡er
developrnent during rnttiat phases of deveLoinent, uater can bo .released
from storage to correct ühe condition. /Furüher study is planned for
dcüerrinlng the. effect of all basl-n developænt upori the kar¡s"s River
polrer riebts. 'It is anticipated that a systen oporation of.aIl" Federal
reservolrs l-n the Kansas River Basin wilr be coordj.nated to provlde com-
pensattng repLacemqnt flows from downstrean reservoirs to aliow for ad,verse
effects created by required opefation of upstrean reservoirs.l
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the tovrer Republican Division belø Concordia, IGnsas, ls outlined
'as an are¿ for future inÍgation developnerrb in tbe l(enses River Basl¡¡.
there 1s very littLe ir¡berest in Jrrigation in this area at ùhe present,
tine because the rainfaLt is zufficie¡t for the type of agrícultr¡¡e ncm
¡rracticed. Becauso of the lack of lnterest i¡ i¡rteation in the a¡ea
there is no irr.edi¿te pJ.an for development of the â!êâr If at soroe
future date an int,erest in irrlgation Ís developeQ, the anount of
deve}opnerrt wi-IL- necessari\r be ümited to the avaiJ.abile water supply
at ùhat tlme.

Water Requi¡enents for the Bostrick Division

lÍater requirernents that rv:111 create a denand on llarl¡n Cannty and
Loveu¿ell Reser¡¡oirs uiJ.L include water requlred for tlrigatirg lånds
in the'Eostwick Division, water lost by evaporaüion fron the reservoirs,
and water Lost due to see¡rage fþon the reservoirs, In additicn, re-
.leases nust be nade to ¡neet nini¡uu¡n Pr¡blic Health service reconmendations
and to counteract historicaL stream losses in order to naintain a live
gttsam.

ïIater requirernents tor irigation of crops are dependent upon the
constm¡rbive use of water by t'tre igigated qrops, the effective precipi-
tation i¡r the area, and transportation and far¡n losses.

Þ¡fga tÅ on', water requi.renents

Ileather.Bureau stations florn which data were used Ln c.onputing
consumptlvo use and effectlve preclpitatl-on fon the unlts in tl¡e
Bostuick Division w€re as follows¡

Weat'her Erreau records used for Bostwick Dlv-Ision
ûrtt Tenperatu¡e Records Precipitation Records

FfankU¡-Red CLoud
Cou¡tLand

Red Cloud, Nebnaska
Average of Bed Cloud, Nebur.
Republic, Kansas ard
Concsrdia. Kansas
(Sane as Courttand ürit)

Red CJ.oud, Nebraslça
Superior, Nebrasls

Superlon-Gourtland
Scandla Concordi¿ Kansas

Superior,
Concordia

Nebnas}e
Kansas

t.
l'
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^^__--W-g:-The Lowr'¡¡-Johnson rnet'hod was uspd ln deteminlngcons@ments for the pnojecü areas.!/ This nethodnakes use of a relationship between elteõtive heat lnrt" and annualconsunptive use of water' The comeLation r¡as estabrished ¡y Lorryand ¡Iohnson ln a study of a conslde¡abLe nunber of lnigated-areas-
rec-elving a fuLL u¡ater supprxr where the differ"nã" uãtù"en totalir¡flows and outflows coutã-Ué observed¡

lenperature ¡ecord,s used were those for üre statLons ¡ralntainedby the ìifeather Bu¡eau nea¡est the respeotlve proJect area, or in someeases, the average of appropriate stalions.

ff acørnul'aii1g th9 daily naxfun¡m degrees in excess ot 32 degrees
Fahrer¡he-it -drrring the effectile growing 

"õason, 
; ";iu" repnesentingtltg loFr d¿y degrees of'of,fectiie heat for eaóh year was ãutainear-rrhLch, þ use of the Lorrry-tlohnson curve, could bã transtated to ar:nqal

.consun¡rbire use of rater in f,eet depbh. 
;

the effectlve-heat_ il day degrees and toüal consunptive use fæthe Fbenl¡ltn-n€d Cloud Unit, ¡or ñepublÍc, Kansas 
"nã-tãr the SqenilaIhit aro shom in tabres h6i hl, anã hB. '.0,n averatã or trr" 

"o*uroptr"uuse detefinlned in the above-tabies rras used for thã superior andSuperton0orrtl¿nd lhit. The consurptive use tfrus aãt'eusniped is }tstedi¡ the dist¡ibutlon of consunptive ,rse, ta¡fé 50.

- The offective groriling season for each unÍ!-rvas defined try aplotted line shornlnc tÀu date on vrùich the nean-[niniuun tenpeiature
.rose above 32 degrees_ in the spring and the datJ on which iî dropped.below J? degrees Ín the faIl,

\/ ilolsumptfve Use_of-trÞter for Agric*Iturer' t¡r Lorrry and tlohnson.Trans. A.S.c.f,. p, J2b3, vol. 10?, Ighz. '

#!. -.-r -¡ -
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¡¡ear

¡Ian.
Feb.
Uar,
Apr.

iiry
úrne
iluly
Aì19.

10
1l¿
'l(!

1B

1
2

5
3

Sept.
Oct.
Nov.
Deg.

T2
6
3
2

This cìistribution is based upon published clata obtained cìuriLng
consurptive use.studies for the t{ason Creek area of the Boise Project¡
Idaho and for the tlesllla Va1ley, Rio Grancle ProJect, New lfocico. The
¡rercenta6es used in this study for the nonths of ihl-ty ànd August are
slightly hi€her than the Boise and Rio Grande fisïres becausè of a
di:eference in the anticipated crop pattern. Tables hg throush If,
shc¡,¡ the anrùrå]. consurnptive use úistrj,butei. on a nonthly basis f,or
the units ln the Bosbrricl: Divlsion.

{ffective precipitation-Si¡rce not aJ.l precipitatLon falling on
a pro@ín rneeting consumptlvã ure requirerneñts,
reconded precipitation nust be adjusted to coinpensete for runoff.
Effecti.ve.precipitation is the rai-nfall that percolates into üre soi].
and 1s held In the croit root zone for f\ture use.

$re effective precipiùation fot the Bostirick Division nras
determined þ applyÍn6 pencentages of effecti:veness to incremenüs
of nonthly precipitation to debernlne the effecùive -çneclpitation
for oach tni-t Ln the division. An average of the j¡¡crenentaL
percentages sug..;ested ùl the Tfater Reguir-ernent section of the
Bweau ùlan¡al wene used. These average values are as folJ.or¡sl

ve on
iler Percent, accrûu

L
2
3I
5
6
7

e5

h.10over

90
82
6
h?
20

B

o.95
1.85
2.67

33
B2

,OZ

3
3
l+

and
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þþ.ectpttatl-o¡r recæded bf the l{eat'trer B¡reau at Red Clord a¡¡d sr¡perÍor. ll

F,IgFl!ra¿:.3nd at, Ìepubllc and concordia, Kansas, a¡e Ìisted in tätres'-
i,52i.532" 5l$ and .ll, respectlvely. The effectivã precipitation fdr,iafl . .

.unlts'tn the divisio¡r ls tiEted in tables 56 through 5ô.

co¡rsumpttve tEs _requllenents of i¡rtgation rqtq{--The consunptivc
use r 

"r¡utrãõh¡rs-{he-nonthly effectlve'precipitation for each unit fron the nonbhty ion-
annptlve use reguLremenü fo¡ that unit. si¡ce the soil acts ãs a
reservolt, effectíve precipitation unused dr:ring erqr nonth was cor¡sidered
avaiLabLe for use tl¡e followlng month, proviclir6 the n¿xj¡n¡n holdirg
capacity of the soí1 vyas not exceeded. This holding capacity was
co¡¡sfdered to be 0.1 foot.

.â'rqr constnptive use reguironents for the Novenber through llarch
period not satisfied by effective precipitation rrere treated as
requirenenüs for i¡¡rigation during the followlng {pril and }tray, one-
half the defl"ciency belng applied to each nonth. iables 59 tLioueh6r rlst the consurnptlve use-requirements of furigatton water i¡r
acre-feet per acrifon tlre Sostïrick Division Uni[s.

Dlverslon requlrelq:eJ1ts--In order to satisf! crop irrigationrequi@ to clivert y¡ater sufficíent t,o-neet farm
distribution losses ancl transporùation Losses ar¡d have enough ¡rater
lefb to satísfy the consunpblve trse of irrigation r.rater requirements.
Estinaùes of these losses were made by operaüions speciaLists of
RegLon.f, Bureau of Beclarnation. t

- The crop irrlgatlon requlre¡nent rnulttprled by loo dùnided b!¡ roo
Dinug,the percent of fa¡tt ].oss glves tlre far¡n delivery raguireneit.
The dLversL_on requirement i¡ feet per acre is obtained by-nuLtiprytr¡g
the_farsr delivery requirenent by Lo0 dtvidecl by toO rtnui the peróenã
of transportatl-on loss¡

Transportation losses and farm losses, usecl to deter¡ain" it.
diversion requirenents are tisted in the tótlowing table:

fable ó2. tion and farrn Losses for nnits i¡ tÌ¡e Bostwick

llnl-t and canaL loss, percent
Farm 10ss
percent

tLon

F?ankJin Unit
f,Þanld.in, Naponee and
Frankli¡rr hup Canal
Red Cloud hrmp

35
35

35
25

,,,,-.. f Il.;r.-f

!.\

a

35
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Table 62. tion and farn losses for units in the Bostwick

l'ransportatlon :'Ern J-oss
Unit and canal - 1oss, percent perc_ent

-7."-
Superior-Courtland Unit r-.Ii" ''''

$uperior Canal 35 31 L'i

Conrtlaud Unit
Courtland Canal

ScandLia llnlt
Scandla Cana1

3) 23 7'î

30 30

The diverslon requirenent in acre-feet per acre for each canalin the division has been dcternirteri antl ie; sho.,m in tables 63 tf¡rough
67. The diversion recluire¡uent is shoi¡r to be considerably 1ess fn -
the eastern end of 'bhe division thân in the sesi;ern end. The average
annuar dlversio¡r requirenent varj-es from 2.39 acre-feet per acre under
the Franklin Cana.L to 1.76 acre-feet lerr acre in the scaãdia Unit,
Annual diversion recluirenents are shorm üo be as great as l¿.22 acre-feet
per acrer_ see 193I¡ Franlclin Canalr,tab1e 63, and as little as O.2l¡
acre-feet per acre, see 19ldr, Sc¡rnclj¿ Unit, table 6J.

The ùiversion requirements for 1Br25O acres in the lùanlclin-Red
Cloud thit are listed in table J2. Tìris table is the sum of tables 6B
throu6h fl, the dive¡'sion reqtirement for thrl+lO acres under ühe
tr!9¡*ffn Canal, for 2rO70 acres trnder the r,fanLlln Rrnp Canat, for
lrlr9o acres under the ì{aponee cariar and 280 acres rr¡der the Bed croud
Pump. IãbIe 73 li.sts the diversion reqtr.irements for the 617gO acres
under the Supelior Canal. It uas necesser1r to break the cliversion
requirernents for the Courbland Canal do'¡n into se-oarate cornponents
for the operaùion süu.dy. Accordingly, table 7l¡ lists the cliversion
requirernents for the 2196O acres rrnder the Corutlancl Canal ln Nebraska,"tabre 75 IÍsts the regulrements for the 12r5oo acres under the courtl¿nd
canal in l{ansas, and 76 1lsts the diversion require¡neurt for the 3615oo .

acres belorr r,oveuell. The diversion requirenents for the 13ro0o acres
Ln the Scandia Unit are listed in table 7?.

Return flor--Return florr resu.lts fro¡n that portion of the transpor-
and fann tributio¡r losses which return to the strean. lïateris lost in canal -and far¡r later¿rls due to evaporation, transpiration

þr stream-bank vegetation, and percolation i¡to the ground fro¡ the
banks of the canal. Tt¡e v¡ater that percolates into the ground.rÍ1I
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l¡Iaüer

eventually reach
grouncl n¡ater tabl

the ;round r¡ater rirere it, wil-l generally ca tha
e to rise u:r,¿iI the r.¡ater can enter the

f,oregoing discirssion of ¡¡orr:rcl 1.,¡ater shoy¡s the slope of thels tor,rard the si¡:c¡rm du.e to t his gradient The ground r'¡ater
eventually re-en'ber tlre st¡rr,aln and becoxte live flo',¡ or it ryil1
used by vegei,ati-on. The rais j-n6 of the 6rorr.nd ll¿ter table duefrrigation ty:-il- ,:fïe¡r catÌse ¿ur increase j¡ the consrmptive usenatÍve vege'l.ai;ion j.n üre a:'ea due to seepage arels beingto thg gror.rnd T{í!ter- becorning rnore readir.y available ì;o natlve

The
tabLe

be
to
of
or due

Si¡¡ce mo¡t of tlre project area lies close to ü¡e ríver bec¿usethe ground rra'ber table slopcs torrard the river , it is anticipa ed that
most of the reüru.n florv tvill_ enter the river and l¡ecome Live olro Ar¡yposs ible i¡crease in the consurnp.bivc rrse of r¡ater by native tionts not, erq:ected to l¡e great. i¡o¡' tìrese reasons j_t has beenthar 75 percent oíl the diffr:rerrce bet-rrecn annnaL diversions annual
consrmptive use of irr'í8ation l¡ater bJ' crops r.riI1 eventr'¿lly ulor totho strean.

Duo to yariaùi.ons ir¡ geological forrntions anC ground
notrement the ret¡-n'n flov¡ pa'btern in an r area can be e:qtect,eci haveits orrn lndlvidual. clraract eristics. fü can be expeeted to en the

thlyst'ream dur.1n6 evcr1r month of the year at varyil3 r'ates, Thedistribut,ion of rettrrn flor'¿ is a-¡ected to be sir¡iJ-ar .l¡o that, the
North P1aùte Itoject ín Nel.rrasl;a, r'rith a s1i¡:hi; v¿riation the
st¡¡rmer months due to an e:î¡ectecl uealc dernand jl JuJ.y and

The ;:encent of tl¡e total arurnal rettrr.n -f1orz for e¿rch
used in tlds s'budy ls shot,n belovr:

Perc ent

on.

t

lionth of total llonth
Percent
of toùa1 tr.lonth

Percent
of total

Jan.
Ireb.
¡J?r.
Apr

liay
,lt¡¡g
July

Sept.
Oct.
Nov.
Dec.

7
6
6
6 Aur:

L2
r-1

9
B

7
B

9
11

the return flov for each unit i¡r the di.vision is shor,¡n i-n tables
?B throrrgh üJ. The reùu¡n florr is based upon the diver.sion
ther.efore, the return flor¡ after :/ears of short nater supply beslightly less th¿¡r d.eterninecl. Retur.n if-oi¡s rrer.e not corl-ec
periods of shortages. The retrrrn fl.ory cleter¡nineci is crrithín the accur-ac¡ of the strr_cly.

for
t,o be

)T

1976



Tfater

The return flow fron the Franklin-Red Cloud ltlit, table

tine practilcalllf ãlIof the '¡va'Ler used in the division for
do¡nestlc and j¡dust'rial pur¡ioses is obtained from wells.
no large cities in the division reguiring large quantities of
Industries oristing í¡r the area do not materially affect the
supply. Future grorrth of the cities in the area and the
change of industry are not expected to affect the water st¡pply
any great erctent, 'bherefore, no allolrance has been roade in
for the use of water for tlrese purposes'

Investigations have bee¡¡ ¡narie regardin5 the possibiLit'y
rvater f¡om Lovewell Rese¡voir to three towns in north sentral
namely Ìlankato, Jev¡ell and Formoso. ûre 193O¡ fghO and 1950
of these tovms is ]isted in the folloving tabulation¡

City J.95O ],qho L93O _

Fo¡tnoso
JeweLL
lfar¡lcato

lÍankato, about eight niles souüh of ùhe upper end of
Reservoir, would oìrtain w¿ter fìnom the reservoir by use of
a pipe llne abou{; eíght niles long. Since the tov¡n is novr
well-s l-ocated in the vieinity of the upper portion of the res
it is likely that the ground çater conditions i¡ the area of
rri1l be inproved ørotrgh to satisfy the munici-pal requirenent,s

Jewell, vrhich is abonb nine r¡iles south of lvfanlefo, c
rnater through the Manþato system by exbending a pipe lÍne
flon the }hnkato v¡ater torver to 'bhe existing Jelrelf- water

i';

consídered available at the Supe rlor-Courtland Diversion in
sùuQ¡r. The return flor'¡s from the Land tmder the Superlor
the return flon.s -flon the land under the Cowtland CanaL iJl
ùable 8O¡ arrcl the retu¡n fLvrs from an esti¡nated 23r0O0 acres bove

IbmrScandia are considered to be a'¡ajlable at the Scandia Div
The renainde.r of tjre reürrrn flor¡s fron the l-and under tt¡e
26.000 acres, ¡rnd the ret¡rm flLor-¡s from the Scandia llnit,
¡rass dormstreu¡n ünused.

83,

l'4uniclpal, do¡nestic and indqstr:þl ¡¡ggg¡Igmg$g-At t,he ent

, Tlas
operatlou'

, tabJ-e ?9¡
t

Canal,
wÍLI

ipal,
are
ter.

or
to
study

supplying

and

ìfankato.

obtain
ni.]-es
. the

27r
5e3

,l$z

293
669
t*6

381
7a7
hoLl-tl-

sas

by

Horever, 'ín the event thaü the ground uater supply proves
it is possible that a water supply could be obtai¡ed fron t'Ì¡e eserwoi¡.
Assurning a
about LBO,

use of 120 gallons per day per eapita this v¡ould to
000 gallons per day or about 2O2 acre-feet per yeatr.
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' q{e .of Ì1ater basecl upon the 1930
penlday or about gh acre-feeù penis j¡ the vicjnity of JeweIl, itrise as a result of irrigatión on

Tlater

poprùatlon would be about Blr t
Jr€êro Si¡ce part of the area

i.s exlæcted that the water e ¡rIIL
tho output of tho nunicipal welÌs.

the project and rniLl thus

Foruroso, about eight mi_Les southeast of ï,overrei-I eouldobbain rvater fro¡n lpveryel1 Reservoi¡ by use of a gravity pipe abotrtnine rniles long or by taking; 'u¡ater out of the inigation canal, orþapipe line
bOo wouLd

from Mankato. The irse of waüer based upon a popula of
anount to IBTOOO gai.Ions per day or 5\ acre-feet per a

I¡n tt¡e ever¡t that the tirree tolrns do obtain water from
Reservoir the Í¡itial use of v¡ater as determined above would toabout 350 acr*feet per yea:: excluding transportation losses. ISesti¡rated that when transpcri;:rbior losses and increases inare considered ti:e total futru:e use rvi]I not exceecl 1 ,o@per year. Use o.f th:is quacirty of vra'i;er vrould have Ìittle t uponthe water supply studies presented in tÌris re1:ort.

Past investigations concernilg the r¡¡ater snpply for tolmsIlarlan County Dam also considered the poss ibility of suplrJ-yingnental rnrnicipal ï¡ater

l_on

Nebraska this tor¡n r'r"i
glp,tly f.rom ldarlan County
th a 1950 population of j

Reservoir to ior,
,227 iß on the

1n this area have a hardness ranging fr 250

Biver near ¡yhere the river first crosses the state Ii¡e. St ofanticì.pated florr of the Repu.blican River at this pojlt after Jecùdeveloprnent have indicated ùhat the base flow of the river beimproved It is al-so exÞccted tbat the i¡crease in ground supplirrbecause of irrigation in the area, will i¡crease the output of
now oerving the tom of Superior.

The quality of the nunicipal water supplies in the Bos DivisionIs considerod sat ísfaeùory in regard to all factors exceptlïater fron ci
to as much as

ty weus
l¡OO parts pe¡ nillion. Tlater with less than 60per milJ-ion hardness is considered soft, óI to 120 partsis usually rated. as noderately hard. lïater trith t20to per¡nilllon is classif ied as hard and above 180 parts per million veryhard. Considerable savings in soap consumption can be effect bysofteníng the r¡rater when the hardness is above I2O parts pen

So far as is ltnorm Superior, Nebraslca , is the only tcnrn j¡ this areathat softens iüs water. A study of the qr.ra3-ity of r,¡ater for ipaluse in the Republican
Survey Cj¡rctü-ar 19r August lgh8

Valley in $qbraska has been nade by thet/

L/ Progress Eeirort on the ground water hydrology of the Republ and
hench¡nan River Valteys by Herbert A. ]llaite and Others, vri a sectic¡l
on the chemical qrral-ity of ilre ground water by Herbert A.
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'i' ,. l, It h¿s.been pointed out that retrrn flols fþom
'ie¡rpected to i-uprøre the grouncl rater supply, It 1s not

a¡e
thaü

obtained
the

untÍ-L

1,

water
he

feasùb1e
at

the
of

t

;Iattu'n.f1or uÍLl natenially affecù tho quality of the ground tetr.

Porver*A rtght for the use of h00 second-feet of Rlver
wator-ãGF Superlor, Nebraslca, r¡as helä by the Consr¡mers Pu Power
.Disbríct for the developnenü of powen. FuIl irrigabion
as presented henein was dependent upon the subordi¡ation of right
to irrlgation rights as providecl for under Nebraska water

The Bureau of Reclanation ¡:urchased the Superíor hydro

I

title on l,¡ovonber L), L9$L, 'jhe Bureau of Reclanation
Consumers District to operur'ie the hydro r¡r¡der a leasq
s,upplenental povrer could be furrríshed from the power li¡res of
Nebraska Pulrlic Por¡er Systen. The lease agreenent etçired Fe
!!!2, and the porven plant ce:rsed olreration on this daie. The
Bureau plan of developrnent ';.cr the Bost'nrick DÍvision does not
for tt¡o constnrc'bion of anii poríer plants. Â11 of ttre
in both Harl¿n Ccunty and T,over¡ell Beservojrs is reguired for

A

addition of a small poffer plan'b in the future but up to
tj¡ne ttre consürrrction of a pouer plant has not been cons

the

because of the high costs. No power i¡¡stallations are to be
the Lovewell Reservoir.

lrrigation of the land i¡ the divisior¡ hence, no r¡a*.er is
for tåe generation o.f base load povrer. A considerable amou¡t
electric energy coulci be generatecl at Harlan County Reservoir
water released for írrlger.tion ¡.rurposes and witl'r spills in rvater
years if the power cor¡ld be absorbed i-n a schene of system
w'ith ofher pol/er plants of the I'[issouri Basin developnent.
penstock is being provided .rt the llarlan Corurty Da¡n for the sible

Pollution abate¡nent--The Public Health ServÍce has
menda@ mlnimun flolvs at certai¡r points

made

Republican River to mai¡rtain live flov¡ ancl avoj-d harnfuL
the stream. The two ¡rost important points axe near Superior

Ont

t
rrhere a ¡tinimun su¡¡uer fLow of [0 second-feeü is desi¡able at

isScandia, Kansas, utrere
recomrnended. These mí

a ninim¡m sun¡ier flo¡¡ of 30 s
ni¡¡um florrys were satisfied in the opera

by natural floû or by reservoir releases. Iü vras assu¡ned tha by
n¡aintalr¡lng the reconunended florr at Superior, Nebraska, and
I(ansas, thaü the recornnended flow at other poilts lrould be

süudy

t

¡
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Water

The ntnlrun flows reco¡nmended by the hrbl1c Health SerrrÍceorllieal polnts Ín the district and at Clay Center and Junction
Kansps, below the distrlct are lisüed ln the followíng table:

Riverlable Bh. on¡nended riinirn¡n flo$rs of ühe

- SêC
Franklln Red Cloud Superior Scandi¿ Concordia CJ-ay Cenüen

Montå Nebnaska Nebraska Nebraslca Kansas i(ansas l(ansa

,

I(ans.

tlan.
Feb.
láar.
Apr.
Ìlay
June
tluly
Aug.
Sept.
Oct.
Nov.
Dec.

9.1+
g.,lr
9.3

6
6
7.t

T2
1B

30
30
3o
30
L3.5

9
6

I
B

]o
L6
2ll-
ho
bo
l+o
l+o
1B
T¿
I

20
9
6

1.6
1.6
2

3.2
1+.8
B

B
B

B

3,6
2.lJ
r.6

l
h
5

.B
L2
20
20
20

18.B
28.2
Iil
)fi
tn
Tfl
2L.2
1lr.l

8.3
]-3.2
19.8
33
33
33
33

6.6
6.6

ilr.B
9.9
6.6

I
B

10
16
2lr
l¿O

ho
l+o
llo
IB
12

B

In the oper.ation sùudy ttre desi:red ninirnrm flor.¡sat Superior, Nebn'aska, and Scandia, Kansas, by publÍc
¡¡ers talcen lnto consideration and in al-I months these

ag
Health

were satisfied. The deslred ninimrm flows at' I'?anklin and Red

K¿ns

Nebraska , are small in conparison with the required ¡nininun fLows at
Superior and Scandia, therefore no releases were needed for these toyng.

,

Belon' Scanaia tl,¡ere is sufficient gain in the flow plus the
flows flo¡n Scandia Uni_t and Lower Cou¡tland area to meet the
minimr¡n flows at Concordia, Clay Cenüer, and Junctj-on City,

Fish and uildLije-It Ís expected that the nai¡tenance of allve @Iican Biver belo'r Har1an County Reservoir
as resonnnended by PuÌr1ic Health Servlce w:ilL
for fish and wildlife requi:rements, therefor

also adeguately
e no aciditi.onal

are to be rnade for the p¡lrpose, Large benefits lri1l accrue to
and wildlife due to the storage of water in llarlan Counüy and
ReservoÍrs. Ihese reservoirs wil]- have an initial surface area
water fowl, with the irrig..r.tion s torage pool filled, of I3ró00
and 2,|ll acres, respectiveþ. During; the first ten years of

y Kansas Eiver Basin Tfate¡ pollution levesüigation - Federal
Ag-ency, Public Health Service, June 19b9.

urity
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area i¡ HarLan Counüy Reservol¡ vri11 not d¡op tr100
operatlon study fon the conditions after 50 years

Ithat thè' storage in Ilarlan County Reservoir nay be reduced to si1I
of the lrrLgation outlet (elevation 1920.0) during erbrene cycles.
The nlni¡n¡n surface area åt t'his elevation would be 5r2O0

Àlavigation--There are no navlgation' requJ.rements on the
h'iver This Frlgation development in the Republican River
not adversely affecù ttre navigability of the streams below

ln rvill
nouth

of the Republican Riv*. Flood flor,¿s will be largely , which
bewí]-l lintt releases to channel capa.cities and the low flo¡¡s

improve d by return flows fron the iæigated âr€âsr

Estination of Rebanroi¡ T,osses

Fgepage

Geologists of the Brreau of Recla¡¡ation esti¡ate that seepage
fbon Harlan County and Lovervell Resenvoirs will be verSr lorr,
foundation at both dans will be i.n clay or silt and sha1e, the cut-off corrplete.

I t,o 2$
At Harlan Çounty Dam, the seepage as esti¡ated rang6

ch
fbo¡n seco¡rd-feet and at Lovewell Dam seepage will be to
2 second-feet An average figure of 100 acre-fee-b per month eareservoi¡ was used in this study. This seepage v¡as not used
satisfy any of ttre irrigation der¡ancts, but was allorrved to
stream.

dorm-

Sr¡¡face Losses

The gross reservoi¡ evaporation rate at ilarlan County oi¡
was conputed by use of evaponation records
published by the lûinnesota Resor:rces Coromis

a! Ha{t,
ston.=/ the Hays, s,

Kansas, data

evaporation fecords were corrected to free surface see
table 85
June 193

. À Bureau of Plan Industry evaporation pan was used
7 for neasuring the evaporation. These records y¡ere

to
ected

cords

tr'romv

by rultipþine by a coeffÍcient of O.9L. After June 193? the
ration rras meagured flo¡n a U. S. lïeather Erreau pan and these
were correct,ed by using a coeffícienü of 0.7O.

Minnesota Resources Cor¡mission Report June 1!l¡2, n

Lakes and Resen¡oirstt study directecì by Adolph F. Me¡ær.

Lû
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tt¡e
ted

Si¡ce thqse evaporation st¿tions are Located sone e fromthe roservol¡s, a correction factor had to be applied to the
Bross srraporation rate at the rese¡woírs. These correctÍon
were dete¡¡mi¡red by usÍng a series of charts published by the
Resources Cormission which shows the ratesfor each sectLon of the United :iF"*"

nonthþ
States

þ Ínterpolation between the l-ines of equal evaporation, a ratiowas obtaÍ¡red between average evaporation at the poÍrrts where ecordswere kept and the average evaporation at the rese¡¡¡oir Ér!êåts¡ Theseratios were applied to the free r,vater swface evaponation dfor each nonth a¡rd the gross evaporation rates at the r ffgre
obtained The ratios thus determined are as follorrs:

by
ly

Apnit
May
ilune
tluly
Augusü
Septenber
October

0.gf
o.g5
0.91r
0.gh
o.g2
o.g2
o.g2

Ì.12
].oB
l-.09
1.OB
1.06
1.1ó
r,09

Factor appl to
to

Hays evaporation rates.
Ï,i¡coln

ied
ied rates.

! ùIinnesota Resowces Conmission Re;oort Jl,ne l9lr2, rt

f,akes and Reservoirsrr study direcied by Adotph i..

durlng
or these
7t

Flon
Meyer.
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Water

, taken the

I

' The,¡ates for the October through March period
Minnesota Res.ourc

'tabulatton¡V
es Cormission charts are listed i¡ tlre

Sr a

0ctober
Nove¡nber
Decenber
Januar¡r
February
trfarch

h.7o
2.65
L.20
I.O0
1.20
2.20

)].65
2.55
1.15
o,g5
I.15
2.lo

Table B? tist,s the gross evaporaüion rate deter¡ninecl for
Gounty Reservoi¡ and table BB l:.sts the gross evaporation rate
for Lovewell Reservoir,

Net resenroir evaporation rate--Net res
was considered to be the difference between

e¡voi¡ evaporation
future and past

use frorn the reservoir area.

For this study the net ernr-roration rate was comÌJuted to be the
gross evaporation raüe njnus the precipitat,ion over the
The precipitation aü Orleans, Nebraska, table B!, was used for
precipitation upon Harlan Counùy Reservoj¡ and the precipiüa at
Err Oalc, Kansas, table 90¡ was used for the precipitation upon tovewell
Beservoir. The net evaporation rate in inches for Harlan and

ve

Afea.

a series

Ioss

Fron

Lovewell Reservoirs is shoÌrn in ùables 9I and 92.

To facilitate conpuüations in mcnthly rese¡woi¡ operaüions
of curves, one for each inch of net evaporatiorlr 1r¡ere drawn by

for arqr th
rvas obtained by entoring ühis curve rrith the nonthly e'v"apora rate
in i¡rches and the average reservoir sontent for the ¡nonth. the resenroir
evaporatlon cu¡ves are sholvn in eJcÌ¡ibits 2J and 2l¡,

Operati.on Studtes

Ge.neral ù.peration plan

. The í-r.rigable lands of the five units that comprise the
Division rere served þ the operation of lfarlan County and

reser¡¡oir conte¡rt in 1r0OO acre-feet as ordinates ancl
in IrOOO acre-feet as abscissas. The evaporation loss

!/ Minnesota Resor¡rces Co¡nmission Repont June 19h2, nEvapora
Lakes and Rese¡$oirstt stud¡r directed by Adolph F. Meyer

hl¿
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ln part by Lovewell Reservoi¡. A reservoir openatlon study
the uater delivery on a nonthþ basis has been nade to
adequaey of the water supply avaiJ.able to the Bostr¡rick
developnent The study was based upon the water supply and

the
for

a

conditions Ðcisti¡g dwing the peniod of Januar¡r 1929 tl¡roueh
September 19lr?, This period was select,ed for the study becaus tt
includes the lo-yoar period 1911 through 19L0 ¡uhich 1SC to
be the most critical period of water supply that has been
in this ârêâr ft is reas onably cert¿in that if the water l-s

tadequa te to satisfþ conditions existing during this period r+"i
l¡üolerable shortages, there will be an adeqnate water supply
aLl planned developrnent, Water supply and cli'nâtic oonditions
the period of 19h1 through lglr? ræresent conditions that are
nearly nornal.

The operation study i¡cluded i¡ this report is based upon
storago capacity e:rpected to eçist in Harlan County geservoÍr
Lovewell Rese¡woj¡ after l0 years of operation. ft is estima
the end of 50 years thêt the active irr5gation storage capaci

at
t-n

Harlan County Reservoir will be 175rffi0 acre-feet and in
Reservoir the active inigation storage capacity r,¿ilI be 35feet. However, in Love¡rell Reser¡¡oir only 2l¡ ,O00 acre-feet of
irrigation capacity rere considered active in the operation fon
reasofis e:çIaÍned Ín the paragraph on operation criteria. The r-on
in storage ca¡racity fron initi,al conditions is the result of ac-
cunul¿tion of sedimenü in the reselvoi_r. Trlater avail¿ble for
of aLl units i¡ the Bostwick Division was computed to be the
renaíning after alLor¡rances for future developnent that will
the division fn the Republican Basj¡r due to Bureau planned
and for anticipated futwe private developnent of inigation

t'
@eration criteria

ponds.

The following operati-on criteria were used il makíng the
study:

tion

A. Method of rneeting 5rrigation de¡nands.

1. Secüional- gains nade up of natural gain, return
and v¡'astes fÞom upstrea¡n units were first to
meet inígation dernands.

2 Irrigation demands not net by the sectional gains
were rnet þ releases fron Harlan Cor:nty and
Reservoi¡s' Spills occurued only after iniga
dema¡¡ds were met.

aCfê-

above

45
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Reqpirernents for other ühan irrigation dernands.

L. Negative sectionâI gains that occurred t¡-istorically
on the lìepubLican Biver Betvreen Har1an County
Resenroir and Scandia Diverslon pan rrere net by
reservoir rel-eases before inigation or Public

' Health Service denands on the reservoir could be
supplied.

2. Releases were nade fron Harlan County Reservoj¡ to
supply a flos at Superiorr Nebraska ard Scandia¡
Ilansas
flow as

equal to or
debernined

gr€ater than the required
by the Pul¡1ic Health Service

at these two locatlons.

3. f,vaporation losses from HarJ.an Gourrty and löverrell
Reservoirs ¡¡ere determined in accordancelxith the
average nonthly rgservoj:' content and monthly
evaporation rate.

lr. Seepage was estirnated to be 100 acre-feet per nonth
from each reselvoi¡r

C. Reservoi¡ conüents.

1. The reservoir irrigation storage erpacÍty is fu11
when Ha¡Ian Corxtty Beserrvoir reaches a content of
?SOIOOO acre-feet; and ut¡en ],ovewe].l Reservoi¡

' reaches a conüent of 361000 acre-feet.

2, No releases could be nade fron the reserwoirs l'rhen
storage was dravm dor¡¡n to a content of 7510@
acre-feet for Har1an County Reservoj¡ and I2r00O

, acre-feet for Love',rell Reservoir. The storage
in Lovewell Reservoir rvas held to a nini¡nun of
121000 acre-feet to provide suffieienb head in
the reservojr to assure the deliver¡¡ of the
naxÍmrm d.lve¡rsion requirenent' of 631+ second-feet
t'o the Courùland Canal from l,overrell Reservoi¡.

D, Int'egration of operation with otk¡er units,

1. No reLeases from upstrean reservoirs l'rere ¡¡ade
ùo help satisfy dernands i¡¡ the Bostlvick Division.

h6
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No releases rrere rnade from Bostnnick Division
rese:r¡oirs to help satisfy de¡nands outside ttre
nirrision.

The operatLon study for the Bostrrick Divisi_on consi_ststables. Table g3 presents the computatior¡s made to deternj¡etotal denand on Ha¡. lan County Reservoir ty the lands above
fi,eservoir and belov¡ Scandia Diversion Darn. Tab1e th presents
operation of Har1an County and lor.ewell Reservoirs together
roeeting ùhe denands as computed in the previous table.
Deterrni¡ration of den¡and on reserwoirs

Computa tions üo deter¡nine the total denancl to be net by
resen¡oi-rs in the Bostr¡rick Division are shown in table 93.explanation of colunns that nnke up thj.s table is as follows:

Col. I lists the years and rnonths of the peri.od of stu{y.

Col. 2 is the Diversion requj.rerænt for the Franklin-Red
Unit, a tobal- of J.B'Z$O âcroso The dernand byis shorvn in tabte ?2. This ctenancl is net by
releases from Harlan Corurty Reservoir I

Col. 3 fs tl¡e de¡,leted sectional gain, table JB, between
Ilarlan Cornty Reservoir. and Supel'ior.-C ourtland,
Diversion Da¡n. The t¡istorical pickup was deplebfor anticipated future private inigation and
developnrent, i-¡l the reach.

triyo

Col. l¿'is the return flon ocsurring fbon the 1Br2!0
in the l¡ranlcli¡¡-I?ed Cloud Unit ghich rrtlÍ be

CoI. 5 is the su¡r of Col-. 3 and CoL. h and is the total
natural fLor¡ available for use at the Superior_
Courtland Diversion Da¡n,

Col. 6, Col. ? and CoI. B are tt¡e diversÍon requirements
the Superior Canal, 6rlgO acresj Courblend CanaL
Nebraska, 2196O acres, and the óo¡.¡rtlancl Canal jn
I(ar¡sas above tove',rell, l2r5OO acres. These arein tables 73, 7b ancl 25.

available at the Superior-Gorrblar¡d Diversion Dam.
Soe table 78.

h?
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Col. 9 ls ths su¡n of Col. 6, Col-, ? and 0o1. B and ls the
total demând for Superior Canal a¡ld the CourùLa¡rd
lands above Lovewell Reservoi¡.

CoI. 10 lists resen¡oir reLeases Jbon Ha¡l¿n Courrty Dan
wbich ¡nust be ¡rade to meet the denand shc¡rrn i¡
CoI. 9r afte¡ tho natural flow i¡ the section,
Col. 5, has been used.

CoI. lL Rese¡voi¡ :releases from Harlan County Dan which
nnrst be mde to mee'b negative flors as shown in
0ol. 5.

Col. 12 is tho nåturaI floiv di.verted to Lovewell Beservoi¡
th¡ough Courtland Cana].. Dwing aLL no¡rths except
tlarnrarly and February¡ an¡r of the natrral flor not,
used .fo¡r the demands sho,yn in Col. l, is diverbed
throrgh the Cour-bland Cana1 to Ï,ovevell Rese¡r¡oÍr.
No atternpt was ¡nade to deterni¡e if the rryater thus
dÍverted wor¡l-d be stored or spìlled. The qr:antities
for June 1935 and L9l+1 are in excess of ld+r6OO
ac!.e-feet, the a¡nounù which can be passed through
the canal in one month. ?he lovewell openation
study shows thls water is spiLJ-ed f?on the resen¡oi¡
unused. The indicated diversion vrould not be nade
in actuaL ¡ractice.

Co1. 1l i-s ühe natural flow passing Superior-Courtland
Diversion, du¡r:ing Januaqy and Febmary.

Col. lù is the naür¡ra1 gain betueen Supe:rio¡-Courùland- and the Nebraska-Kar¡sas state line. See tabLe 20.

Col. 15 and 1ó a¡e the return flow fþo¡n the lands under
the Superlor Ganal and the Nebraska portlon of
the Courtland Canal, seo tables ?g and BO.

Col, U ls the sum of Cols. 13, il+, t5 and 16 and is
the total natural flon at the staùe Ii¡e that
has noü been used above this poinb or diverbed
to Lovervell ìese¡'noir. Negative va.lues lndicate
a Loss in flow for the rêâchr

bB
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CoL. 18 llsts ùhe urini¡r¡n flows ru"o urrd"d aü Superì.or,

¡dn1¡¡u¡n flows vary according to the season of ühe
yeer. -Soe Table 8l+.

CoI. It releaseö nade to neeü negaüíve values eccurring
f¡¡ Col, l?,.

llator

Superi or. Iü is the sun of Cols. L7, L9, 20 26, 2?,

Col¡ 20 lisüs releases rnade to bring lor* fLows up to ùhe
minimm t'econ¡nended by P:bJ-ic Healüh Sen¡Lce.

Col. 2Ì is the üoüal flor+ .rassing Superior excepü spills.
ThLs colunr¡ is for ti:re purpose of conparing acüua1
fïows rith reco¡nu¡ended níni¡n¡n flows, the flow aù'the süat,e line being considered same as ühe flow at

acre-feet per nonth. The seepage from Harlan County
Reservoir is not shov¡n in prevlous col¡¡mr¡s.

CoL, 22 ls ühe naùural gain botween ühe süate line and
Scandia, Table 2I.

ÇoL. 23 1s the reüu¡zr flovr enteríng ühe river beüween ühe
süaüe }lne and Scandía Diversion dam. This r,ri1l be
fron 2Jr@O aeres under the CourüIand Cana1 in Lhe
plan which includes Lonewell ReservoLr, see Table

CoI. 2/¡ is ùhe ùotal natural flow avaiJ.able aü Scandle

28 plus ühe seepage frorn Harlan County Rese¡voir of

CoI. 2f lists releases to be nade for neeting negative
occuming in CoI. 24.

Coit. 26 Lisùs releases required for meeting mininrm h¡bltc
Healüh requirements shovrn in CoI. lO.

Col. 2p 1s a sheck colunn for couparing flows passing
t+ith the recournended minin¡m flows , CoI. JO. It
includes Co]- 2l+ ¡ni¡us CoI. 25 plus Co1. 26 plus
Co]', 27 plus CoI. 28 plus seepage fron the two
vol_rs.

sion and is ühe sr¡n of CoIs. I?, Lg, ZO, 22, and, 23.

CoI. 25 Is the irrigation deurand for I3rO0O acres in the
Scandia Unit, Table /f.

CoI. 2ó Lg the porüion of Col. 25 no|. net by CoI. 24, and
therefore is a denand on Harlan Counüy Re¡.enrãir.

¡

¡
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: - Co1. 39 is the ¡ninÍ¡nu¡r nonthly fLows recormended by Rr
Health Senrice. See Table 84.

CoJ.. l1 is ühe totaL de¡¡and or¡ Harlan County Resen¡oir
J-rrigation afber using aLl- availabLe river
and return flow. .It, is the total of CoLs. Z,.LO,
26,

Col". 32 is the total reservoír requirenent for meet5rrg
losses, the sum of Co1s. Ll, Lg and 2?.

CoI. J3 is the total reservoÍr reLease for reeting
health requirenents. Iü ls the sr¡m of CoLs.
28-

publ-ic

Col", 3/+ is the sum of Cols. 31, J2 ard Jl and is the
on HarLan County Reserrroir by a1,J, Iands j_n the
r¿ick Division except those under ttre Gour.üIand C
below Lovewell Resen¡oir, It also includes aIL
necessary for meeting river losses and ninírnrn
health requÍrement,s.

20

operatLon

es

Reservoir Operation

Ân e:çlanatÍon of each column presentod in the
Harl¿n County and Lover"¡el1 Reservoirs ùogether, table 94r is
follows:

Col. l- shows tho years and nonths the operation stu{y was

Col,. 2 ls ùhe depl,eted inflow courputed as e:plained under
ùhe topic rrProject l{ater Supplyrrt and is the same
presented in table J6.

CoI. 3 evaporation rate in inches (taUl,e 91') equaLs gross
evaporation Less precipitation.

Col. 4 reservoir evaporation loss computed by using the
age
( see
Charbrrr
Col,. 3

content for that ¡ronth and the previous month
CoI. 9) and, entering the rrResen¡oir

e¡ùibit 23, "flth the known evaporation raüe
and detemlning the Loss therefrom.

Col. 5 seepage frorn Harl¿n County Da¡n r¿as estineted as LOO acre-
feet a month and was used to help neet the nininr¡m
requlred by Public Health Service at Superior,
and Scandia, Kansas.

ska,

5o
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Col. 6 shows the de¡¡a¡rd on Harla¡¡ Corurty Reservoir j¡
de¡nands tn the Bostr+ick Dlvision above Lovewell and
Scandia Diversion Dam. these releases consist of
requirements for irrlgation, strea^n losses, and Pub-
LLc Health Servics, They were detemÈned in Col. 34r
table 93.

CoI. I shows releases required fron Harl¿n County Reservoir
for,rnoeting the denands of the Courtland Unit below
well thaÈ ca¡l not be supplled bf Lovewe1l Reservoir.
If is the denand computed in CoI. 23.

CoL S is the change jrt reservoir content computed, as CoI.
Iess Èhe sum of CoIs. l¡, 5, 6, 7, IO¡ plus'll.

CoI. 9 is the reservol-r content at the end of each month
computed by adding or subtracting figures in CoI. I
to the content of the previous month.

CoI. IO lists the reservoir spills - Computations for CoI.
in excess of 2l0r00Ò asre-feet, the lirnit of storage
in Harlan Courty Reservoir.

CoI. II lists ùhe.irrigation shortage. It ls that amount
Col, 6 and CoI. 7 that caruroù be net by resenroir
or reservoir releases and maintain a minimr^¡m storage
content of 75rO0O acre-feet.

CoI, 12 ls the lnflor.r to LÕrewell Reservoir made up of the
flow of blhite Rock Creek, table g.

CoI. 13 ls the inflow to tovewell of the Republican River
cornputed in CoI. 12 of table 93.

CoI, 1/¡ }Lsts the portion of ùhe spiÌIs fro¡n Harlan County
Boservoi.r, CoI. 10, whlch could be stored in
Reservoir in the a¡nount not to exceed the storage
capacity of 16r@O acre¡feet ln lovewell Reservoir.

Col. L5 lists the inflow in Lovewell- Resen¡oir. It is the
sun.of CoI. 12, 13 and L4.

CoI. t6 lists ühe reservoir evaporaùion rate for toveweJ*l
Reservoir, t,ab1e p2, cøputed as the gross evapora-. tion less precipitation.

I
1--l:
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CoI. L? lists the reservoir evaporation Loss eonputed
entering the trReservolr .Sriraporation Charùrtr e:ùri ü
24, vriüh the knor*n evaporatLon rate, CoI. Ió, and
average reservol-r content of ühaü nonùh and the
previous month.

Col-. 18 is tho seepage from Lovewell esti¡nated as l-0O
a month and ubilized in helping to naintain the
flow requiremenüs at Scandia, Kansas, as required
Publis Health Service at that poj¡t,

Co1. l-9 llsts the irrigatl-on demand for 3615OO acres in
Gourtland Unit below Lovewel-f. See table 76.

CoI. 2O is the change in reservoir content computed as
Iess the sum of Columns 17, 18, L9. Any change
would resuft in drauring tho reservoir beLow a c
of 121000 acre-feet bgcomes a denar¡d on'Harl-an
CoL. $. Any change resutl,ing j¡r a content of

L5

,
than

t

361000 acre-feet becones a spill and the excess
listed in Col. 22.

Co]., 21 1s the reservoir conùent at the end of each mon Coltr-
puted b; adding or subtracting figures in CoI. 20 to
Lhe content indicated in the previous month.

CoI. 22 is the reservoir spil-Is. It ls the water listed in
Column 15 th:lt cannot be stored in LovewelL
due to the Li¡n-ited irriga'bion storage capacity of 36rooo
acre-feet.

Col. 23 is the a¡nount of Col-. l-9 not supplied by
Reservoj-r thus making a de¡nand on Har1an County
voir.

The operations of Har1an County Reservoir and Lovewell
voir are presented graphically in exhibits 25 and 26 respecti

Operation hydrographs of neservoirs

ôùibit 2l shows the various hydrographs for Harlan C
Beservol.r The top hydrograph represents the available at
Harlan County Reservoir depleted for all Bureau and Future
developnent. The portion of the inflo¡¡ not storabto is
to splll. The rniddte hydrograph shows the total demands and
each was supplied. The demands trot supplied (shortages) are

vaüe
ted
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ts:
r;lndicated by a solid black ¡nark. The

i$he.changes irn the reservoir content.
:'

U

- - The lower h;¡drogra.ph shows the changes in the reservoir cduring the.period of study and, the spi[ã occurring during the
operation stud¡r.

Ef$ct ol0o.urt_Land ggnal capacj&y upon oElation criteria

bottom hydrograph repre

¡ùù¡lbit 26 shows the various hydrographs for Lovewellvoir, The top hydrograph nade up of different parts repr€sthe total inflow to Lovewel-L Reservoir, namely White Rockflow, storable accretion from Republ-i.can fliver and spills
Harlan Counüy Reservoír. Each part is as e:çlained under the
shor.,n on the oxhibit.

The niddle hydrograph shor"¡s how ùhe total denand for that area
below tovewell Reservoir was served. Shortages occurred in
and 1940.

The Courtland Canal is designed w:ith a headgate capacity f
?5L cubls-feet per second. îhis capacity is not large enoughsenring all the lands u¡rcler the Court].and Canal from Harlan
Dam. Denands were not placed upon Ha.rlarr County Reservolr inwator supp\y study present ed in ühis report until all usablein Lovolre]-l Reservoir was released. Under actual operaüingditions this críteria r,¡oul-d havc to be changed and enough wate wiIlhave to be he]-d in Iovewe]1 Reservoir at the first of Juþ into assure ùhat maximum de¡nands for July and August can be met.

There are JI.)6O acres served. by the Courtland Cana].. AcapacÍty of 912 cubic-feet per second would be requi.red to dethe ¡nÐcieum nnonùhly requirenent of O.9? acre- feet per acre 10percent for peaking requirenents from Harlan County Dan. The
uas designed with a headgaüe capacity of 75L cublc feet per seüo serve approxirnately l¡1, 000 acres. The canal, therefore
161 culrlc feet per second of being able to serve aì-L the underit from Harlan County Dam. Tltis capacity would deliver 8rg00feet in one month. If I ,8oo acre-feet is held in storage ínwell the firsü of August and l-2160o acre-feet the first of Jit !xi11 be possible to operate and serve maxirmrm demand.s to

ent

acres under the Courtlancl Canal. In so¡ne J¡ears thís would
water would have to be released fro¡n Harlan C ounty and stored
Lover,¡ell during the last part, of June.

5l.,960
that
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',Â;.chock of the operation studies indicates th¿t üho
the'reservoirs at the end of Àugust wouÌd be the sa¡Be as

in the operation study ln this. report when the above c is
used. It Ls concludod, therefore, that this criteria can be sed
Ln acüua1 operations without increasing the shorùages ag a

Ooeraülon surmarr¡

-

Table pl sunmarlzes the operaülon of Harlan Counüy Res
and Lovewell Reserr¡oir by years. It is inleresüing to note
spitr3.s occur 16 years out of 19 læars for Harlan County
and spills occur 15 years out of lp years for Lovewell
The average arurual spi].l for 18 corpleüe years was 2gr!00
feet for Harlan County Reservoir and 391300 asr€-feeü for
Resenroir. There would have been four years in wl¡ich atl
imigation demand was not net, resulting fn lmigation
for ùho.¡re years. The total diverslon shorbages for tho of
L934, ri)3' 1937., a¡id 1940 are 75r&O

t

s

t acre-feot, 11300
respectively. In

0.0I

,
81300 acre-feet a"-ld '¡41400 acre-feet

lotal Dlversion shortage (fOOO A.F,)
Diversion shori;age Ac-ft per.Ac. .lrrlgated
Shortage to crop Ae-fb per Ac,
Consunptive Use requirenrent Ac-ft per Ac.
Shortage i-n percent of consu;irpiivc uso

terns
percent of con;;uipüi-g? üs€ shortage, the shortage tn 1934 be
14.? percent¡ the snortage ln L935 is very s¡nall and is cons
negligible, ühe shcrtage in 1937 would be I.8 percent and th
shorüage ln 191;.0 wou.ld be 15.6 percent. The conputaüÍons of
shortages for pOrOOO acres are as follows:

8li
41
76
7.

75,
O.
o.
2.

14,

0
o
2
I

o.q|
O.40
2,57

L5.(

The total diverslon shortage was first converted.to
per acre by dividing the total divorsion shortage by 90rOO0
the irrigated area in the division. ?he shortage to the cr
then computed b: cornputing the arnor¡r¡t of diverslon shortage
would be lost in transportaüion and farm r,¡aste. The factor
2.06 and it represents the weighted mear¡ loss factsr for all
units that corprise the Bosürrlck Division. Tt¡e shorbage in
of consumptlvwa llsê ls the ratlb of the crop shorùage to the
ne¿rn annual consumptive use for aII units.

res,
was

1g

I
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Vfater

Average

5I1r3gtg
]5l+r9OO
356r1+OO

52r8OO

17,900

65r1@

138.200

37rr7OO
ó64,000
292r3OO

Hietortcal Inflow - Harlan County Reseryoir
Anticfpat ed Upstrea,rn Deplotions
Dopleted Inflow üo Harlan Counüy Resor.¡oir
Historical Âccretions-Re¡.rubliean River-Hsrlan C o,

to Strp. C. Da¡n
Historicel Accroùions-Repub.Llcan River-Sup. C. ûiv.

Dan to Hardy
Hl st oricaL Aocretí ons-Bepublican R5-ver-Handy t o

Scandia Less Ìlhite Rock Creek
Historical FIow White Rock Creek into lovewoll

Boservoir
Total AvaLlab.Le Ìüaùer Supply
BosùÌrick Pro Ject Depletions
Depleted Flow Republican River below Scandia,

Kansas
Historioal FJ-ow at ScandJ-a, Kanses
Total- Republ5.can Drainage IÞpletions

r-Ft ¡
ü

tl

ll

u.700
509,900

il

ll

tl

n

il

Ìt

lt
It

gonparison s,tudies oporatins with and without lovewe].]-

Monthþ operation sùudies r¡ithout storage in Lovewell
volr lndLcate that 8Or00O acres can be irrigated if Harlan C
Roservolr ls the on\y storage provided in the Divlsion. fn
stud¡r it yras assumed that the roduction 1n area to be sorved
would occur b¡,' reduction of the aroa sen¡ed by the Courtl¡nd
in Kansas. An area of 391000 Bcres could thus be served bJr
Courtl¿nd Cana]- in Kansas. This c omparee with 491000 acres t
could be irrigated under the plan of
reporü. TabJ-e 96 is a. su¡n¡nåry of the
¡¡ithout Lovewol]" Reservoir. Shortages of 15.2 percent in
percent in 1931+, and 1.7 percent ín L935 would have occurred.
Tt¡ese shortages are approximately the same as the shortagos
plan of development presenüed in this roporù,

this
Stu(y

13

the

t
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Waüer

River Operation PIan

i'. ..
. !ii

' i Operat'lnr Criteria

The use of r+ater in ühe Bostr,rick DivisLon of bhe
Rlver development ls based on bhe concept that the
nenü uilL conùrol the stored rrater in the reservoirs, to
be built by the Govern¡nonù¡ to the e:ctenù
can be ad¡rtnistered to supplernent naturaL

that such storage

proposed for developnent 1n the division will share the
waùer supp\y.
is called upon.

tocal zupplies wiLl be used first before

i

flotu so that aLL 3
,'1

Thls rdLL be accomplished througlt
ühe repa¡ment conùract Ìrlth the Nebraska Bostw'ick and Kansas
Irrigation Di strj-ct s,

It ts lntended that thls concept of using ühe Goverrunent

studies, contained ln the Frenchman-Canbridge Division report
of the Deflnite Pl-an report, were a1t nade on the basis that
reservoir nas operated to serrre only one unit, the unit
below the reservoír. Ttre beneflùs of system operation

voirs as indicaüed 1n ùhe Definlte Pla¡¡ Reports. Table 12,rrShortages occurring j.n Reservoirs Ln the Republican River
area rn¡hen unlts are operated independentþrtt shows ühat,
$ 1æar period of ùhe operaùion studies there were only I

1n
wafer

re39r-
vol-rs to supply sùorage r,¡aüer to supplernent natural flLow, so
all areas wil1 share ùhe waüer suppl¡ shall apply in alt of
BepublS.can River Basin. the HarLan County Reservoir and the
of thE Bostwick Dluision are buü one part of a river system
reservol-rs 1n the Republican Drainage Area. hrater stored in

ts

reservoins can be
this ù¡ p.; of operq
waüer supply.

used to share shortages in downsüream
tlon will pennÍt the greatest use of the

the oporaülon study in thls reporù is nsde without use
benefl-ts fr.om storage from upstream reservoirs. The operati was
nade wiùh Harlan County Reservoir receJ.ving on\r return flows and
unused naüural flow frorn upstream, rlven on this bêsis the
shortage is only 15.6 percent uhÍch is well vrithin ühe
tolerable shortage ttn-it of 2l percent. !^Iith ühe reservoLrs
on the concept of sharing shortages, the shortage for Harlan
Reservoir lyould be reduced to less than 10 percent. It¡e

voi¡s wiLI only be euident prinarily during years of short er
supply. ïn mosü Jrears rvater suppl-ies are
of shorüages is noü necessarXr. Therefore

adeq.nüe so that a
¡ in most years each reSer-

voir wiJ-J- senre only the lands I¡ang i-umediaùeþ below the

of the

Volune I

ateþ
reser-

tled

the
when
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routing.

Prlority. Ad¡ninist ratio,q

It is expected, under actual
ttes r*ill be enforeed ln Nebraska
;flon and for the storage of water

ldaüer

only

operating conditions, the
with respoct to the use of
in ühe res€rvoirs. HoÍever such

aüe. shorùages under the Bartley and Cambridge Cana1 systoms
mosü years, system operation will conslst, pri¡narity oi the
tLon of r5-v9r piclarp, splJ.ì_s and operational wastei through
voir control and in use of neservoir for flood conùro1 anã

enforcemenü u.iLL of r¡ater asin the ReprrblJ.can II not prevent
operation of the reservoirs where it is necessary if the

noü naüerialIy change the use
Dralnage Basin süudíes and r,¡i

t of
or-

em

Jnders

Rec1a¡naùion retains the right to supplemenü natural ftow wiüh
age water.

the filings for ùhe storage of water in l{arr1r Stnrnk -\Reservoirs are prior in time to the filing for storage of wa tnHarlan Counüy Reservoir The Parks, Ibenton, and Red lrlillow
voLrs r.sill have storage a tions junior to Harlan C Reser-ppropria

to ühevolr f1Ilng but acc ordlng operati-on studies 19ÀO is
only year when water stored out-of-priorÍty in these ühree orreservolrs would have been released to relleve shorbages in
Counüy Beservoir under strict priority ad¡nini stratl-on, Ifreleases of storage had been made, the shortage of wat,er onrespectíve Ìands woul_d not have been int olerable. Secondary s
have noü yeü been nade for the use of storage fron any of the ser-voirs in ühe Republican drainage areâ, as required by Nebraska Iaw,buü the Nebraska lrrigatLon officiaLs have lndlcaùed that such fi]--
angs can be rnade in a nanner r"¡hich wil1 permit ühe use ofr*ater t,o share shortages in a scheme of system operation. Italso i¡üended that agreenents w:ilt be nade between ühe various lrri-gaüion districts and the Bureau of Recl ametion permitüing
operation.

Under the plan of operaüion presenüed the greaüesù use of süorage
rrnaüer will Ue rea]ized if the storage is held as far upsüreampossible at all üimes. hrater from upstrean reservoirs should
be t,ransferred to doun-sürean r.eservoirs in anticipaüion of
events e)ccepü üo alleviate flood s.

i
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lfat,er Supply

An þtegraùed operation of the reservoirs of the
,'drainage area on the basls of priority adninisüration has not
ipreaented in this report because it is inpossible to sl.mulate
rprioriùy ¿dn{¡lsl¡4tion for the fulI perS-od of study in view
the fact ùhaü daiþ figures ere not ar¡ailab1e. Much of the
supply daùa is based upon monthly values determlned by corre
In addition the prioriüies of the canalg in the Bosùnick
in Nebraska divertlng from the Republ-i-can River on ùhe north
have not been fÍnally deter.nir¡ed.

Table I .shows a priority of February I, 1;937 for the
River canals, Nos. 1, 2, and J, under the appropriaüion nane ItThe

Republican
prioriùies

Rlver Publlc Power and Imlgaüion Disürict.t' The
corer the sane l-ands as are under the Frar¡klin and

canals. These appJ-ications hrere not nade by the present

an

Inrigat,ion Dislrict but were nrade by some of the backers of
preaenf district. Tabla I also shows appllcations with the
date of February 6, Igl+8, by the presenü Bost¡¡ick lrrigation
trict for these same canals.

ty

prior
oned

ble

these

It is noü lrnown at the present ti¡ne what action the
Bureau of lrrigation will take i¡r regard to the 1937 applic
but the Ih¡reau of Recl¿rnatlon is recommendlng the adoption. of
1948 prioriüies. The appropriatÍons of water for the canals
the Upper Republican and the I'renchnan-Canbridge Divlsions
to the 1p{8 approprLations for the BostuLck Division ca¡ra1s
above and for ùhe balance of the llostr+ick llivision canaLs exc
for 41620 &cres 1n the Driftr¡ood area and. S.ZJ:O acr€s in the
l{eeker area of the Dri.fü¡,¡ood Unit, 3r58O acr€s in the }ÍcCook
land area of ühe Frenchman Unit, and 11000 acres in the Red
Un1t. These acres have been added üo ùhe Frenchnan-Cambridge
sion since the 1948 appropriations for the use of water were
by the Bostwlck Division. Hence, the Þ¡ater appropriations
Iands wil-l be junior to all of the Bosùwick Division lands
consequentS-y, uri1I be largely dependent upon storage water.
enforcement of the Bostwick Division canal priorities against
Junlor Frenchman-Cambridge lands will not provide ùhe BostÌrick
canals with any appreciable water because at ti-¡nes when the
supplles were short, dernands of the senior appropriaüions of
Frenchman-Canbridge Disürict and the senior appropriatlons of
Culbertson
available.

and l{eeker canals would absorb all of the natural_

The wate r appropríation
DivÍ-sions are,

s for the Upper Republican and
nan-Canbridge however, junior to the 1937 a
for the Frankli¡ and Superior canal-s and if ühese priorities

t
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i:

i.-'
iadopted, theso ca¡¡a1s could demand ¡raù.er from alt of the
:._Cambridge'Division canals wlth a priority of January T, L'l¿ter. or

Studies have been nade on a monthþ basis to determine
quantlty
Canbridge

of water uhich would have been released from the
Dlvislon canals lf the 193? prlority had been

during the 1929 to 1.94? period of study. These studies are
presented herein. the¡' e¡o, that lntolerable shortages would
have resulted i¡ the Frenchnan-Carnbrldge Dlvision even if the 7priorl.ty had been enforced The naxi¡nun degree of shortage
canals served from Swanson Lake, Red l,lillow Reservoir, and
Strunk lalce was 10 percenf of ùhe conswuptive use requirement
lng this criteria.

I I nJ.t

lablo 9? is a surnary of ùhe operation of Harlan County
J,ovewell Reservoirs based upon the i¡flow to the HarLa¡r C
Roservolr depleted for f'r¡LL conpact arlowances for use of wa L¡¡
Kansas, Colorado, and Nebraska, Tt¡is tabLe shows a naxirmlnof shortage of the consurnptlve use requlrement egual to 36.9cent Ln L934 and 29 .2 percont ln 1940. these percenùages sre
excese of the adopüed ¡naximum of 2f percent which is c thetolerable limit for shortages, buü these shortages are wj. thebeneflts of eystem operaüion and. of eharing shortages.

. Thg. use of upstream reservoirs to share these shortages
reduce these quantiùies to c<¡nsiderably ress than 2! percent.

Couplete use of the compact allocatlon
considered feasible

ln the area above
Counüy Reservoir is not under present ec
conditlons If it should prove economÍ cally feaslble to nake
use of ühe u¡ater supply and approach conpact allocations,
reservoir regulation may also be feasible.

I
I
I¡È

I
i
J

i
I

:

9âP-

Operaùinß Agreemenl - H€,r1an Gounùy

the Harlan County Reservoir was constructed by the Corps
Dngineers, U. S. Departmenü of Arrqy, but ùhe reserioir is to

---.!

:*'ñ.' 'tt"''-- f
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I'Iater

operated,for multiple purposes, includíng flood control,
recreatlon, public health, and ftsh and witdlife preserva
control and release of süorage for irrlgablon pì¡rposes is
üo tho ds¡n¿nds of the Bureau of Reclanaüion.

.'.The'

The Bureau of Reclanstlon has placed a fÍIing with the ska
E¡reau of lrrigation, $later Power and Drainage for the of
35OræO acre-feet of uater in Harlan County Reservoir for
tion and silt control with a prioriüy date of June 26, 1948.

The varlous publÍe agencies lnterested in the irrígat t
publlc healbh, recreabionr a¡rd flsh and wildtife features of
Harlan County Resenroir on l4arch 29, 1950 drafted a
Operational ObJectives for Harlan County Rsservoir.r¡ thls
of obJectlves hag been presented to the Governors of No
Kansas and has been approved b¡ the interested agencj-es.
Appendix r1Ârr ln bhe following rrField irforking Agreenentrr for
County reservoir beüween the Br¡reau of lleclamation and the
Engineers. This agreenenü has been approved at the field

EIELD WOR¡fiI{G AGREEI,IEM Bi['t¡iEEN
DEPART!{dNT OF TH3 AH'ÍY, CORPEi OF IÌNGINEEIIS, AND

DæARmiiNT OF THB LNT"JRTOR, BtAltAU OF RICLAMATIoN
RIJGARDING OP},IìAT]ON OF

HART"AN COUI.¡TY DAII ¡ND IIESiBVOIR
REPUBLTCAN BrV1Tt, HARTAN CoUNTY, NEBnASKA

of

and
ls

of

1HI9' AGREEI{iiNT, nade
J952, beilween the Cãrps of
IIIITNdSSETH, THAT:

and entered into this
Engineers and E¡reau

other

I'JH¡!ìREAS, ühe Department of the Arny, acting bhrough the Corps
of Englneers, represented by its approprlate Rlstrict
hereinafber referred to as the District &rgineer, has const
the Harlan County Da¡n and Reservoir on the Bepublican River
Al-üå, Nebraska, and is responslble for the safety of ühe
for flood-conbrol operations of the reseryoir, and for
operaüions as defined here5.n, and

l,JHüRllAS, the Department, of the Interior, acting through ühe Bureau
of REc1anat ion, repre

referred
senüed by iüs appropriate Districü

hereinafter to as ühe District l,lanager, is responsi
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l,ìill,lBEAS, the irrl.gaüion sùorage ln sald da¡n and
ùhe conprehongive systen of irrigaüLon works, and,

Ïfater

se¡:l¡es

Tho storage eapacJ, e11o-
exclusive of

feet, m.s.1., r+hich pro-
of ühe

for J-rrl.gaüÍon operatl-on of the cunprehensive system of
I works ín the Republican Rlver Bashl and

I1HJREAS, a stater¡ont of operational obJecLives for
of flood control, irrigatl.on, public health, recreaùion and sh andtclldlife preservation has been agreed upon þ ùhe various
and Süate agencies concerned (a copy of the staùenent of tional-
obJectlves is attached as Appendix A), and

WHEREAS, the Dlsürict ltnglneor and the District l,Ianager together
uith other Federal and State agencies , are considered ùo hato a verying degree, s joi¡È interest in operational obJ
othor than flood control and irrigaù ion, and

WHfiEllS, thero ís need for a working agreement in ordor
thsro wfLL be a clear underst andlng between the Dlstrlct
and lhe Dlstrict Manager ao to reservoir operatlons for
and relatod congervation uses including detaile of sborage
ùions and possible rea llocatlone hydroLogfc dats coll-ectiont

NOhr, Tll.üRdFORU, ít is mutually understood and agreed b¡.
boùween the parties hereto as follóws:

roporblng arrangements.

1.

structure, are deflned ln

cations
etorage capacity above elevation Ig?3.,
vlded ln combi¡süÍon wiùh

QtgrgÄe- c+psctttr ailo.cations. --
of Harlan Counüy Dan and Rêservoir

spl}lway capacity to insure safety
the follow'lng suþaragraphs:

_ê: {'}ood-controt .storaæ..- Flood-control
shall include the storage capãc:.ty between elevation
T:9.1:, and elevation 1973.J feel, m.s.l, (inttiany
5OOr0O0 acre-feet).

süorage
1946.O

ty
,

to

b.
Irrigation, cons on and reserve storago
shall Lnclude the storage capaciLy below el-evation 1946.0 t
m. s.1. This capacity initial.ly amounts Lo 350r000 acre-feel of
which L50 ,000 acre-feet are specifically planned for and
2001000 acre-feot are provlded as a reserve for the ion of
sedimenü. Until such tine as sedimenü fìrLty occupies the ted
reserve cBpscity, it will be used for irrlgation and varloustlon purposes Íncluding public health , recreation, and fish wild-llfe preservaülon,
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Ïrraùer Supply

. 2, S9oraÊe reaLlocations.-Ths District Þrgineer shall at
reasonable Lntervals make necessary fl-eId surveys and offlce studies

. ùo prepare esti¡nates of the volune and Location of sediment deposlts
in the reservoir. If the results of these studfes show that the
oüorage. evall¿bIe for flood control and irrigaülon, respectlvely,
ùs reducod by an amot¡nt exceed:ing 10 percent of the specifíc alloca-
tLon for either purpose, the operating plan described herein vrith
respect to storage allocatlons anVor the elevation limjts of the
storage allocations ehall be reviewed Ìr:ith the view of compensating
for such reducüion in storage capacíty by aosignrnent of equitable
shares of an appropriate part of the nemaining sediment ressrvè
capaclty.

3, Plan of operatLon

B,r The District Engineer wilL operate the storage capacity
. ln the Harlan County Reservoir referenced in paragraph Ib above,

through appropriate f.nqtructl.on to the dan tender to supply the
¡¡ater requlrements for the Bostwick lrrÍgatLon ProJect as prescribed
þ the Bur-eau of Reclamation, and to f¡¡lfiÌl the other operatLonal
obJectives eüated in Appendix A insofar as rnay be practicable ln
accordance uith general storage and release sehedules worked out
¡rith the Dlstrict Manager and representatives of other interested
agencLes and agreed upon wlth the states in annual and more frequent
conferences as may be n,:cessar.¡r.

r b. The District l,lanager wiLL furnish the DÍstrict Ernglneer
with vreekþ estfuu,tes of daiJ.y lrrigatLon release requirements,
which shall be subJect to interlm adJustraent by the Dlstricù l{anager
as requlred. The weekþ estirnates and interi-m adJusùments sharl be
firrnished sLnurtaneously to the Distrlct Engineer and to operatlng
personnel aù the darn, uslng coronunication nethods urdar detailed
arrangemenüs ae ¡ûay be rrade from time to time, Onal messages shall
be confirned in writing under date of the day issued.

co Ìrlhen the reserwoÍr LeveL is in the fLood-control poo1,
the District Engineer w111 make such nininr¡n releases as the Diàtrict
l{anager nay prescríbe as necessary to neet imigation requirenentg.
Procedures rrÍll be the sane as given paragraph Jb, insofar as
appliqable.

4, Operation and hydrologic data and reporting arrangs¡s¡fs,-
Proposed schedures of flood-sontror releases and flood-conürol
storage changes, if available, and current operating data sha]*l be
provÍded ùo the District Manager by the District Englneer. The
current rEsenroir operating data shaLL be tabulated dairy and fi¡r-
nished perLodically as reguired, and shall include such iüems as:
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i, .,.iit;i:,1, .. il"Ì; ì:.:l;,'r ii,;:.';: $.;L' .;:,l.r ' . , :. ;:'.:-.,., tir,: ir

i::j,Þiiià"enroJ¡.,e1-evatLÒn, storage inflow, ¡ind outflow. AII avallablE:,.]j.,' .:i
¡'.'p;iine sT-"9i-"teorórogtc ãnd etrea¡ndtow statLon" i*i1uãñfrif,: ' ii ii

if".thp operatlon of, the reservolr obüained by eXther the Dlstrtsq ' 'i
' EngJ.neer or the Distrlct l,hnager shall be exchanged as requíred, .

There data shaLl be fi¡¡nished or ecchanged þ the nost eoçedlùLous
nethod of co¡munlcatlon under detaiLed amangenenüs as may be
nade fron tl¡ue to tlme.

IN I{ITNESS l{HERmI}, ùhe parties hereto have caused this ¡nêÞ-
¡anù¡n of agreement of be executed as of the day and date fl.rsù'above wrttten.

CORPS OF EIT}INEEItS: HTREAU OF RECLA,MATION:

i:t'l
" 

¡l.l

i ,t
1."i
:

t.

I

I

I

I
I

Br'
.'L. J. LINCOTN
' Colonelr;.Corps of &rgineers

Disürl-ct1 trrgineer

Il. E. ROBINSO¡'I -
District Manager
Bureau of Reelamatlon
l(ansas River Dlstrlct

:

Kansas Clüy ûlstrict

Attach¡nent:
Appendlx A - Statenenü of Objectlves dated 29 lhrch 1950

29 llarch 1950:

APPEXIIUTX A

SIATEMEIfT OF OPMATIONÁI OETECTTVES' FOB
HARTAN Coü¡ÛTT RFsmVoIn, NEBRASKÀ

Ifvgf approxinately I rnileg east of AIma, HarLan Counüy, ñebraslca.
Harla1 Cor¡nty Reservoir will have an tnltial capaciüy ói g¡Or.OOO
acre-feet, wlt'h arlocations of 500rooo acre-feet to lrood ôoñtrol,
150'000 acre-feet to.imlgaùlon and z00ro00 acre-feet for accu¡n¡-
raüion of sed:i¡nent,. (a) unülI such tíme as sediÍent fulJ-y occupieo
the arlocaüed sedinenù capaciùr, tt arso will be uüilized for värious
conservatfon purposes r
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2, Ge4eraL operatlonal ob.iectlves.-The general operationaJ,
obJecbives for Harran county lleservoir, as visualized aü this üine,
are_for the nul.tipLe use purposes of ftood control, lrrigatlon,
pubLic health, recreati.on, and flsùr and wtldLlfe preoervãtion.- A
bulkheaded opening is belrrg provided in the dam üo permiù a possibre
future power LnstaLl,ation. trn order to assure realLzatfon oi the
greatest, publlc beneflts, operation plano should be sufficiently
compreheneive to permiù the ¡naxinr¡¡n lntegratlon of tho other uses
consistent wtth the prlnary purpoees of fl-ood controL and lrrigatlon.
1o the maxinurn exùent possible and consisüent v¡ith the Repubriãan
Rlver Conpact, Harlan County Reservoir ehouLd be considerèd as but
one part-of the system of reservoirs in the RepubLican River Basln,
and shouLd be operaüed to obtain maxirn¡n systern benefit for al-r coå-
cerned uses from all reservoirs in the systen operating as a unltof the Missouri River Basln Project. Reàervoir-operaùions r,¡i[r be
complernented by the prograrns of Land manageruent aád sofr conserya-tion, whlch Ì{irl exüend the efficienü opeiation of the reseryolrfor alL purposes by reduction of sediment accumulation.

opJEclrvEs oF rNpI.vfquÂt.fuRposus

3, Flqod control.--The operatíonal objecüive uirr be to con-tror the flow of Republican River to effect the ¡¡axinun practicable
reductlon in f,rood damages bel.ow the dan on the Bepubricän, ru""""
and lffssourl Bivors with lncldentar reduction in fiood damÁges
on the Ìllsslssippi lllver.

t+-. 
-$¡råAg!ign.---The operaùional obJectlve wlIl be to reguleüe

naturaL fLow, lncruding reùurn flow from-upstrean deveroprnentl rñ
such a nanner as to provide a satisfactorxr quantity of irrtgaiton
y-at_er to i.mlgation development on the Repubrican äiver between
Harlan County Darn and a point near Concordia; Kansas.' This anee
conprl-ses the Bostwick Divislon of the I'tissoúri Basin project, and
e¡nbraces a üotal potenùLal Írrigated area of glrooo acr"s. wittr
lhe exception of the scandla unit J-n Kansas, whích io tenrporaril"y
delay-_ed, deveropnenù of the Bostwick División J.s conterrplãt"¿ *"-rapidLy as constructlon and appropriation conslderationã rry:iu- allow.

5: hrþLic hearth.-The operaùional objective uilI be to nain-tain frows in the Republican River downstream from ühe dan thatare required for sanitary quality of stream water ae relaùed to
rnunicipaL water supply and strea¡a sanitaiion. The minirn¡n. flowscuffently required for those purposes, assurning primary treat¡¡entof rnrnf"cipaL and industriaL waste and for pru"ãnl popuiatlon and

6l+
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lndusüryr. have been deterrm-ined cooperatively by the lbnsas Sùete.
'Board of Health, the Nebraska Stat,e Deparbment of Hea1th, and the
U. S. fubllc Health Service for various poÍnts on the rlver as
folLows:

DesLÄed.-ginfuru¡r flow durine given,pe{Lod in secgnd:.feet

Dec. June
to to
Feb l'[ar.Apr. May Sepü, Oct, Nov.

Frankl5-n, Nebr.
Red Cl-oud, Nebr.
Superlor, Nebr.
Scandia, Kans.
Concordla, Kans.
Clay Center, I(ans.
Junction City. Kans. :

Control- of rcsquitoes ln the reservoir area as necessary ùo
eafeguard heaLth and welfare is recognized as part of the ovär-alr
progran of reservoir operatlon.

6. Recrealion.-The operaùiona1 objective wiII be to main-
t_aln 1 poor of maxfunrn anee and mlnirnun fLuctuatlon. A oatisfacüor1¡
plan for recreatl-onal developunent of the area can be evolved
under oporaùÍonar prana which do not drain the reservoir berow
elevatfon L925, . A nore extensive rleveloprrent of recreation along
the shorelíne wouLd be possib3.e r+ith crrawd,owns l-i¡rited to erovation
L935.

7: FLg!¡ apd pilrtli.{e presen¡ation.--The primary operaüional
_obJectlve wllr be to ¡naiñtã-iñ-ühe reservoír aü the highäst pracüicab3.e
revel above the minimun required elevation of r93o teãu to þernitühe develbpnent of refuge ãonditíons and faciLiüles at Harran
lounty Reserr¡oÍr (of natlonal irnportance in assisüing in üho rehabilL-
taüion. of a ]-arg,e portion of the continentaL waüer-fãwl- populaüLon
using ühe central Flyway) and üo enhance rocal hunting an*tisrring
on ühe Resenvoir.

8. A secondary operational obJective will be to maÍntain
stream frows below the reservoir üo preserve fishing and hunt,lngvalues, insofar as sr¡ch r¡aintenance woutd not confllct v¡ith theprinary obJecüive of refuge deveropment and operation. To achieve

5
L2
2h
l-8
28
20

zi z
5:8

10 :Ió
I ¡12

L2 :19
I :I3

10 :1ó

2
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this eecondary objective it, wíIL be desirable to rn¡r¡¿¿1r¡ the follor¡-ing ninlnun flows at every point in the Republican Rlver beron
the dam¡ An instanüaneous nini¡n¡n flow of I-0 second-feeü¡ a nean
ninlnun weelcly fror¡ of 20 second-feet throughout the ye¿r; and a
nean minimr:n nonthry frow of 40 second-feet durlng thã nonths of
l{ay to october, i.ncrusive. Benefits fron these flows wouLd beof rocar nature as conpared uith the national benefÍts expected fron
refuge developnent.

RECOT\JCI+IATION 0F OBJESTTVES

. - ?: DiFcussign.--4peration studies of the peri.od Lg2g-l+? t
ilcrudlns ùhe nost cniüLcar strea¡nfrow period oi record fron Áprir
r2?¿r !q Jr¡ne rg35r lndl-cate the degree Lo which compronJ-ses between
gþJegtfyge_nay be required. These studies indlcate ühat durtngthe initlar ro-year deveroprnent period the full requirenents ofrþq9 control, irrigation, pubtià hearth, recreaùiónr and fish ar¡dtr¡ildltfe preservatlon can be net wiühouù shortages oãcurring for
any one use. The desired flows for mai¡tainlng fishing and-hrnt-
i.ng varues below the reservoir cannot be fully-net, wlthout incurring
shortages f,or other uses, but rereases tor prblic health and irr{.galtion ¡rill approach these flows. .-:o:-

r0. Between the roth and 2obh years of proJecü deveropentof sedi-nent aceu¡nulation, addJ-tionar short"g"" oi a nlnor natu¡e
yglld_gccul,only in case of a critical periãa suct¡ as occurred inL93l+45, rf such condiùions were to occur 1n the 2obh year, and
the_ shortages vrere aecepbed entlrely by irrigation sucir ehórùages
l9urd bo approximately 6 percent of lne-annuaf diversion de¡nandlrf. accepted entirely bI}¡ wildrife, it wourd cause a reduction inwater surface area- of approximately 5 pereent. rf shortages were
eccepted enülrely by public hearth to the extent of its dãnands,nulsances due ùo süreau¡ porlution would resurt at numerous rocail.ons.

11. . D*lng the succeeding lo years of operation, the shorü-ages c¿rn become progressively rnre ãigniflcani;, prirnariry becauseof accumulation of sediment. Long ratlge studies-indLcate thatconditione such as occyred rn vit+-Ss ltrr t.vu a frequency ofonry about 3 ti¡nes in r@ years. rt-is possrbie t¡ãl-irr"ruases inefficiency of system operalion, obtained as a resurt of openatinl 
-

experience¡ Dax ressen the need for conpronlses between the varioususes.
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L2, A sattsfactory plan of recreaüional development can be
i- evolved under ühese operational objectives.

f3. Conclus-ions.- Ihe desision as to whLch use shall accopt
shortages rrrill resü witþühe states, as ad¡ninl-strators of waüer.
Slnce studies.lndicate that shorÈages wlIL noü occur for at leasü
10 years, it appears unwise to requesù that a decision be ¡nade aü
this tíme. Such a docision can be deferred .urÌt,il ühe siüuaüLon
arlses, at whfch ùíme specific needs of each use and ùhe condltlons
affecting those uses rtill be nore defÍnitely lmowr¡'

(a)ffre reservoLr rrill also serve the collaùeral purposes of fish
and wildlife preserrraüion, recreation and süream pollution
abatement.

. -HldroloAic Bequirements for Opgration

Forecastins Requirements'.-
Routine seasonal forecasts of the wat,er supply for each irrd.ga-

ùion season êre eçected to be made abouü April 1 of each year
and durtng each irrigation season as required. These forecasts ui.Il-
take Í¡to account the carryover sÈorage fron the previous year, the
expecùed reservoir inflow, and the various water requirements
expected for the season.

Special floodwarning servlces have been requested of the
I'Ieather Bureau. The Corps of Engineers and the Bureau of Reclan"-
tion are f,afi¡S the hleather Bureau to operaùe a floodwarning neù-
work in the Kansas River Basin. (See e:rhtbí;l, 27.) tf¡e nap-lndi-
caües the channeling of flood reports to the va¡{ous offices of the
Bureau of ReclamatLon, the Corps of &rgÍ.neers, and ühe lfeaüher
Eureau. In all cases the flood reports frorn upstream drai¡age areas
are nade available to Bureau of Reclanaüion or Corps of Þrgineers
offices which are locat,ed dounstream or which h¿ve oùher reasons
for being interested in such reports. Arrangements have been ¡¡ade
to have the reporbing stations, both precipitation and süream gage,
in t,he area near Har1an County Dan report flood data to ühe Corps
of Þrgineers office at Harlan County Dan. The Corps relays this
Lnfornation to the Weather Bureau office in liansas City, Missouri,
and to the -Reservoir Operations center of the Bureau of Reclarnatlon
at Mc0ook (In¿ianola)r-Nebraska. The Bosüw'lck Division office at
Superior, Nebraska is warned of any ftood conditions that nay affect
that area.
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' i The ïIpather Bureau has ¿Lso been requested to glve the
i,Burear, of Beclanation al.l forecasts of flood runoff-whi"h 

","ycauso a rlver discharge of 51000 second-feet, or greater, on the'RepublLcan Blver at Guide Rock, Nebraska, It is planned that sslnllar setup for forecasüíng uilJ. eventualLy be arranged regard-
ing rive¡ stages at the Scandia Diversion De.n, It is also planned
that any flood forecasts povided by the corps of Drgineers affect-
ing areae of the Kansas River Basin i¡ which the Bureau of Recran¿-
tion operates, including the Bostr+ick Division, rrilr also be ¡nade
avaíl-able to the Bureau of Reslanåtion.

Hydrolosi c lnstall-ations

The h¡ncrologic ínstallations required for a froodlvarning nert-
work are, for the most part, already installed and in operation.
(See extrlbll, 2?, ) It is oçected tLat t,hree or four aaâitionaLprecipitaticn gtations wlll be added in the drainage area above

.tover{eI} Da¡o when constn¡ction starts on the dåm.

Most of the streûFgaging stations required for operation
of the s¡rsten are i¡stalIed and are shoÌnrn on the nap on e:d¡ibiü 2?.
The strean-gaglng stations at which records will be quite important
are listed as follows:

Station Data Measured Piesent
Status

Bep' R, at Qrleans, Nebn,
Sappa Cr. nr. Stamford, Kan.
hairie Dog Cr. nr, !'loodruff, Kan.
Rep. R, below Harlan Co. Dan
Rep. R. nr. Guide Rock, Nebr.

Rep. R. nr, Hardy, Nebr.

Rep. R. at Scandia, Ilansas

Rep. R. at Concordia, Kansa^n
White Sock Cr. above Lovewell Res.

I'Jhite Rock Cr, nn. Lovewell, Kan.

Inflow lnto Harlan Co.Res. Þcisting
Inflow into Harlan Co.Reg, Þdsting
Inflow into Harlan Co.Reg. Þcisttng
Outflow from Harlan Co,Reg Under Cong.
Flow passing Superlor- Dcisttng

Courtland Div. Dam
Flow passing Nebr.-Kansas Þristing

State Llne
Flow passing Scandla Eocistlng

DLv. Dan
Flow passing Scandia Unit Exisüing
fnflow into Lovewell Res. To be

installed
Outflow fron Lovervell Res. F,:cisting

i

I

i

I
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I
I,
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;,' _ - The strea¡n-gaglng statLons are instalLed and opereted by'.the.r ,
.'Geologloa1 Survey, At the present time, the Corps ãnd the - :i '.: 

.

each-pay half of the costs for instalrlng and operatlng Lnfrory gegùns.
statLons for reservoirs. The agency responsibrè for oleratton ãf,-
the resenroir pays all of the cõsls for õutfrow gegrng staüions.
?he Bureau of BetiìLanation pays for operation of ;ies¡-gaging statlonsat diversion darns. The transfer of fun¿s from the Bureau to the
Geolog5.cel Survey is Dade at the lJashington leveL. It is anticipated .-,

that tn tine the operatión costs of ühele strean-gaging stattonswl1r be borne entirery by the states and by the Gãofoglcal sunrey.

-Gaging stations wÍth recorders should, be operaüed on the
ca$als at the points indicated below:

Superior
SuperLör

! Courbland
Courbla¡¡d
Cou¡tIand
Courtland
Franklin
Naponee
Frantlln Runp
Red Cloud n¡¡nps (¡)
Republic Csnal
Scandia Canal

Near poJ.nt of dj,versÍon
Nebr.-Kan. State Line
Near point of diversion
.Nebr.-l(an. State Line
Near Lovewelt llesen¡olr
Below Lovewell Reser:rroir
Near Harlan Co. Darn
Near Harlan Co. Darn
Near poinù of diverslon
Near points of diversion
Near poinü of diversion
Near polnt of diversion

Cana]- diversLon
hlastes passing state 1lne
Cana-l diversion
Flow passing süate IJ.ne
FIow into Lovewell Bes.
Div. fron Lovewe1l Bes.
Canal diversion
Canal diversion
Canal diversLon
Car¡al divereion
Canal- diversion
Canal diversion

The recu*ing costs of the existing froodwarning networkoperated in cooperãtion with the weather Bureau in the area ofthe Bostuick Dlvision snount to $gr0 per year charged to the corps
9-f Þrg:ineers and s/+60 per year charged to'the Bureäu of Recremation,
Jhrge-_additional precipitalion statlons witl 

"o"i ti¡ó for initialinstallatlon and r*ill cost. $3t+5 peî year for opu".iián and report_ing services. An evaporation stàtion at Lovewerr Beservoir ryl_l_Ìcost fi515 lnitiarry -a $ge per year for operation. -This 
neednot be installed until the rèservoir is in'operatiån.

All_precipitation staüíons in the froodwarning network reportarl rainfarr of o.JO inches or ¡nore. During ttre fiooá eeasonand irrigation season rputine daily reporbs are exchanged between
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the Corps ;ond the E¡reau of ReclamatÍon regarding the var{.ous ',

sfrean-gagJ.ng statlons on the Republ-ican River between lgr¡þalrna¡
and Guide Rg"l.l Nebraska, on Frenchman Creek, Bed WiILow Creek,
Beaver Creek, Sa¡pa Creek, and on h'airie Dog Greek. Special
flood reports from these süatLons are rnade at more frequent inter-
vals if reguired. Stages at uhich flows exceed JOO second-feet
are reported regarding Thonpson Greek and Center Creek.

Qperatlonal Procedures

&rdlo Net¡¡ork

An AM systen and. an Flf systen witl be used ín the radio net-
work of comnunícation between the various operating offlces and
with field personnel. The Alt system (| rZ8?.5 and jr2O7.j kiLo-
cycles) r¿iII be installed at McCook (Indianola), Nebraska, Har1an
county'Darn (cost pald by corps), and superiorr'Ñebraska. Terrninal
FM stations are.belng instarled at superc-or and at superior-court-
rand Diverslon Dan. rt is expected thaü terminar FM åt"tionsof the same frequency (LO.|OO kilocycl-es) witt be instaÌIed at
LoveweLl Dan and at scandia Dlversion Dan when they are constnrcted.
The dÍtchriders on the canaLs wíl1 be equipped with rnobile FM setsin order for then to conmrnicate with each oùher and with thelrdlvision offices. This network and its relation utùh the overaÏr
network of ühe Kansas River District existtng or pLanned for ím¡nedi-
ate inst,allation is shoun on the nap, exhibii 28.-

Þcchange of hydrologÍg, operatlonal data.

Amangenents have been ¡nade wlth the Corps of Ðtgineers
to provtde for a daiJ,y,exchange of routine info¡matíoñ regardingreservoir and streandlow data. During flood conditlons the
exchange of daüa wilr be as often as necessary and may be on an
ftogrly basis with the corps and with the ÏleatLer B'reåu. Routineinfornation exchanged between the corps and the Bureau of Reclan¡-
üion by üerephone or radio r.¡il-r be conflrmea by periodic written
reporLs.

OriÂin and channeling of operational- opders.

The office of the Bostwick DivisÍon rrrigation supeninùendenùu'ill assenble data pertaining to canar use re{uirenentä on a dayto day basje for the dÍvision. This infornaüion will be relayeä to
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ithe 4eqen;oir operations personner of the Kansas River Dtstrict , j 
,

ii:offlce¡'.r-Ttre. e)cisting resel¡rolr and sürean conditions in the - .,! :..i

dralnage area above HarLan counüy Reservoir, as v¡e11 as those ínthe Bostnj.ck Divfsion, lr:ill be cõnsidered in prarmrng rereases
fron llarlan cowrüy Roservoir to meet irrÍgatiãn requlrements.
The corpst offtce at Harlan county Dam anã the Bureau of Becl¡¡na-tlonls Kansas Rlver Distriet off,f.ðe wlÌl, ln their routine darlJ
exchango of inforrnatLon, deter¡nine the réquired rereases to be
¡aade fron HarLan counùy Reservoir for all-purposes. The fiuingof rover.¡ell Reservoir from flow in tne nepuuúcan RJ.ver and the
releases from Lovewerl ¡¡il1 be planned b¡the DlvisLon rrrigatJ.on
superÍntendent and personnel ofl the Beservoir Operations section.

- It yirt be possible for the superlor office to talk to. Harlan
county Dan by AM radio to discuss details of operating procedures.

survevs ånd storase tions.

4ai
,t .t
ij,
:l"i
.:i 'l
i!

¡
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I ..
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'¡

. . 
Rel-eryoir operating agreements with ühe Corps of rlngineers

süate that when the cond;iüions in the reservoir change so that theactuar storage.beüwoen the elevations fixing storage arlocations
varies more than üen percenü of the arlocatlon, a ieauocation ofthe storage.space Ln the reservoir is in order. The initlation of,surueys to deüernrine such changes rests with ühe agency responsibrefor operation of the reservolr. The corps wirt ¡naËe ãicir 

"ürvey"as requf.red fo¡ Harlan county Reservoir ãnd the rrureau uill rrakãthose for Lovewell Resen¡oir.

Operatl-nA Organization

until such time as portions of the i*igation systems aret¿ken over. by the rrrigàtion Disüricüs, as F"ontaua'ror under theterms of.the repa¡menü contracts, ùhe entire Bostwick Division wirlbe operated under the direction ór the rrrJ.gai:.on suferrntendent, ofthe Kansas River District, except for the oþ""ãtior, ãnO naintenanceof Harlan Gounüy Dam and Reservàir by the cärps of trn¡¡ineers.

4$.sting Operaülon Oreanizatlon.

At present there 1s a Drvision rrnigatfon superintendent, withgffigs at superior, uho is responsiblo for op"råtirrg and maintaín-ing the diversion dams and. canai" in ühe Bostwi-ck Ditsion. per-
soûre1 in ùhe Hydrology section of the Districù office have been
del'egated wiüh ùhe. rasponsibiriüy of working out detail-s of agree-
menùs ruith cooperating agencies and coordi*t:.rrg the operation of

¡

,IL

KS00201 0



\rj

Weter Supp1y

i ',::. t

'.tho va¡louq resonroJ.rs for the benefiü of the lrrigation systensl:of'the'Kansas Biver Distrlct, inc3.uding ühose in tñe ¡ostlrick i'DLvisLon. 
' Both the Dtr¡isioor'rrriã"ti"ï éüpãri.l"näã"¿ ar¡d the

Dlstrleb $rdrologisü, who is in charge of ñ,eservoir operations, are
mperwlsed by the Distd.ct lrri.gation Superintend.enü.-

.

- Addltional personnel will be required to operate the canals
and diversl,on darns wtrich remain to be constn¡cied. A caretakerwill also be required to operate Lovewell Reseloir.

Operaüåon ro,spopsibililJr beülreen agencies.

The operaüion responsibilities of the differenù Federal
agencies are defined in the ¡tField lùorking Agreomentrr regardlng
Harlan county Dam and Reservoir. A si¡nilãr ãgreement ts-prannãdfor Lovewell Reservoir,

operaüing agreement for Harran county Dam and Reservoir
states thaü the corps of Engineers is ru"poniibre for the safetyof the structure and for flood control operaùions of the ru"u"näi*.
The agreement also staùes that the Bureau of Reclanation is ruspon-
ltble for lrrigatim operation of the comprehensive system ofirrigatJ-on works ln ùhè Republican Rl.ver itasin.

The corps of ùrgì.neers, through üheir Distriet Engineer, willoperate ühe reservoir to supply ühe water requlrementã ror the
Bostwlck rrrlgation proJect ãs prescribed by ihu Bu"uuu of Recla-natlon, lhrough their Distrieù Manager. rnãofar as may be pracüi-cable, the reservoir-r¿iLr.be operatãd to fulfirt other"beneriùs,
:Ïgh 1" those planned by ühe püulic HeaLùh serrrice, Fish and r,lild-
]ife S,ervice, Natio-na1-park Service, and various siaüe agencles.
Generar sùorage and release schedules will be worked out by thecolpl in cooperaùion uiùh the Bureau of Reelanation, other inüer-ested_agencles, and ühe süates concerr¡ed in a meetiág üo be heldannually, or ¡¡rore frequenüIy if necessary.

- T¡t9 operating agreernent for Lovewerl Dan and Resen¡orr rairl
nake ühe Bureau of RecLamation responsibLe for the safeüy of thest¡ucture and for irrigation operalion" of the reserr¡oir, The
Po9". wil]- operate the flood èontror storage in accordance r,¡ithj-nsùructlons supplied b- the Corps of Enginãers.
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Recomrended' orsani.zational r¡Ian.
i' :. ':. ',

" A generaf outline of the organiuational plan for a staff ùo
operato the Bostwick Division ls suggested as foLLows:

Districü Irrieation Sunerintendent,

Disürict Hydrologist
Operat5-ons H¡drologist

Hydrographer
Iladio Operator & Clerk

I

't'

i

Divísion lrrigation Superintendent
l{at,e¡:nasters Carðüaken CLerk
Gatetenders (lover+e1"l Radio Operåtor
(Div.. oams) Bes.) & cterk

Ditchriders Lal¡ore¡g
Iaborers

Comparison of Republicq! Ri-vèr rr0omÞact Studyil and rlBasÍn Studvrl

_ The Rep_ublicarr River Compact was agreed upon by the states of
cororador'Nebraska, and Kansas in order to asäure ihat tnere r.¡ourd
bs no Lnterstate di.sagreements regarding the use of water by Bureau
ef f,ssl arnation developnents.

rn view of this compact agreemerrt the ûureau of Recrarnation,
as a preli¡lnary step to the lJureau practicar pLan of deveroprnent,
prepared a study knor.¡n au the ilColnpacù Studyrr ior deter¡ni.nin! tne-
uppor umlts of irrigation developnonü that could be made in oach
stato using the water allocated ùo each state by the Compact.

This suumary of ühe ilCompact Studyr is presented herein to co¡n-
pare the use of water in the ,compact studyir with the use of waterin the Bureau of Recra¡¡süionrs r,¡ater suppty süudies for a compre-
hensive pJ-an of development, of the water resources ôf the nepuuu-
can Biver Basin, of which the Bostwick DÍvision report is a part.

This Bureau of-ilecLamation practical plan of development for
ühe RepubJ.ican drainage area wirr hereinaiter for purposes of com-parison, 

.be 
referred to as the 'rilasin St¡{¡r.rr

."@pgÈj!94¿.,, Article I of the Republican River Compáct
reads in part:

the nost efficiont use of the waterl of the Republican River
tsasin for multipre prposes; to provide for an equitable divi-
sion of such waùers; to renove a1I causes, p"usunt and, f\rture,
which rd.ght Ìead üo controversies, to promote interstaüe contúy;
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to racognize ühat the most efficient utilization of the
¡¡aters within the Basin is for beneficíal consunpüíve use;
ard to pronote Joint action b¡'the States ar¡d the United
States Ín the efficient use of water and the control of
destructive floods.rl

the specific allocations in acre-feet nade üo each süate
derLved from ühe conputed average annual virgin I,laùer suppfy
orlginating in the designated drainage basins, or parts thereof,
of the Republlcan Rlver Dralnage Basin are shown in table 3.

The anounü allocated to each state on the various tributaries
and the m¿ín süem of the Bopublican River is the governing factor
coneidered by the Bureau of RecLa¡nation in naking water supply
süudies for the rr0onpa.ct iitudy.'r the allocations, as presented
under the RepublJ.can River Compact, ar"e l.isted in table l. lhe
.¡'Conpact Studyt was nade for a 1g year period, namely 1929 throWh
L947. this period includes ühe period, I93O through 194O, which
rras ühe period used in establishing ühe basic inforrnatlon used in
negotiat'ing ühe Republican River Compact. The 1929-1tl¡l period
was also used in the trBasin Study.rt

The rr0ompact Studytt shows ùhe amount of developnent ühaü can
be roade in the various drainage areas using all the water as allo-
cated in the conpact. rn order to provide for the ful1 consumptive
use of the water allosated to each state it was necessary in sorne
cases t'o assì.ure depletions irrespective of the maüter of ühe feasi-bility of such consumpbive use. the same operaüing srttería with
¡ninor excopüions as noüed in ühe fotlowing discussion of r0ompact
Study'r vs. rrBasin Íìtudy¡rrwere used in each of ùhe tr,¡o süudiel.
the complet,e "Compact Sùudytt ís available for inspecüion in the
Kansas River District Office at Indlanola, Nebraska.

"!êgi!-s![.'r The rrBasin Stud/t was made using the avallable
water supply to rtevelop proJect's that were considered feasible under
the Missouri River Basj¡ plan of deveJ-opment, however, the ¡n¿xi-uu¡n
acreage t,o be irrigated in a1l- drainage areas has been tiûited to
the area that could be developed as determined in the r0ompact
Study. 't . The unused r,¡aüer was passed dounstream and was used to
alleviate shor+age. If in the fr¡ture a change in econonÍc condi-
tions nake possible additional developmenù where complet,e conpact
depleùions were not nade, ühe fu1I compact allocations nay then be
used vrithouü causing intolerable shor.üages,

ì.
;:
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Water Supply

Ì. rl0o¡tÞFgt St.ud)¡]t vs. "3asln Stlrdy.r' The basic lnfor^rnation used,
.r¿;preparation of t_he water supply for the ùwo sùudies is practtcalþide¡tical. A brief conparison- of waùer use for both sùudfes is
as folLows:

^ 1. Depletions by anticipated stock pond deveroprnent andfor e:çect,ed increase in privaüe irrigation are est{msted
üo bo approxirnateþ the same in both studies.

r 2. An lnvestigaülon v¡as nade of present water usos
throughout ühe Republican River drainage area. The results
obtained fron. thís lnvestigatlon showeã that the present use
was approx1¡aaùery the sa¡ne as estìrnaüed by the conmissioners.
The present uses of waüer were the sa¡ne iñ both studies.

. 3. ProJecü areas receiving a supplenental and a frrltwalel suppty are the same wiüh [tre exðäption of Red ]rirlow
and ca'nbrLdge units. The project area ãt tzr59o acres seryedt1 the tr0ompact S-budyrr has been red.uced to firíyO acres l-nthe rrBasin studytt for Red hliLrow unit. An aráa-of 2orr5o acrss
used in the rtcompact sùudyrr for ùhe canbrldge unit has been
roduced to I7r23O acres ln the [Basin ôtudy]r, .fÌ¡is reductionin acreage for the units mentloned above :.ã tr¡e resurt of regenü
Land classification surveys r

l+, Both studies were rnade i¡r a doyrnstream order toreflect ùhe waüer use of all upstream developments.

5, ln the rr0ompact Studyrr Lt was formd th¡rt aLL the
r'rater allocated under the compacù was noü used afber alldopletions were made for practiear developmenü. rn order to'provide for a conplete usó of ühe conpact allocation in coro-rado and upper drainage area Ín l(ansai, an addltionar depletionfor unldentifled deveropment was nado. r,n Nebraska, additionaldepletions were made on Beaver Creek, Sappa Creek¡ and on the .

nain sten of the Republican Iliver abôve Èärran coúnty Reservoir.

6, rn both studies water loss due to reservoJ.r evapora-tion was accounùed for and charged to the states, depending
on the Location of ilre reservoirs and the areas áer.rè¿.

The evaporaùion of HarLan County Reservoir charged ùo
Nobraska ancl Kansas was disbributed ón a storage deliverybasis. The süorage water derivered ùo Nebraskã ."¿ Kansas onan annuaL basls for both studies is shown in üable gg. Thepercent of storage water delivered to llebraska and Kansas for
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; sach sùud¡ 1s also shor,m on ühís table. Total evaporatldn
:'-wgs adJrlsted þ the evaporation loss from the dead storage
, pool of ?5rffiO acre-feet. The difference between the ùotal

evaporaüion and that-resulting fron 7510@ acre-feet is the
ùotal evaporation loss charged to irrigaüion in Nebraska and
Kansas, ilivaporation loss was proraùed üo each state on a
perconüage basis as listed in ùhe following tabulation. Tl¡e
percenùages are detefltrined as shoun ln ta'oIe 9É.

Percent
Perl od Ne Total

Percent
Ka¡rsas

Conpact Study
rtil

Basi¡¡ Süudy
nil

1930-1940
l}29-L9t+7
1930-1940
1929-]?t+7

38.O
38.7
3r.o
32.O

62.a
6r.3
ó9.0
66.0

100.0
100,0
100.0
100.0

In addition to being charged evaporatlon loss due to
irrigaùion, Nebraska was al-so charged the Loss due ùo keepíng
75.rO@ acre-feeü of dead s'borage in Harlan County Reserwoir.

7.. &rhibit 2t shows a comparison of the average annual
use of water on the Republican River and its tr:ibutaries by.
states for the period 1930 through I94O as deüer¡nined Ín eách
of the two etudies. It is shoun in this comparíson of the
tl.¡o studies for the 1930 through the L94O period that the use
of water in the rrBasin Studyt' doos not, exceed the use as
all-ocaüed under the Conpact. In the |t0ompact Studyrr depletions
were mads for approximately fuIl conpact, allosatlons for
Colorado and Nebraska, and Kansas total use show¡ b:, therfBasin Sùudy't a¡nounted to 6T percent of her allocations.
Houever, ühis does not represent the total r¡aüer available
for use by Kansas. Computations to deüermine the toùa} flor¡
of the Republlcan R:iver crossing the Nebraska-Kansas süate
line for the "Cornpact Study" are sho.r¡n on table 99 and for
ths trl3asin Sùudy,rr ses tabLe 100. An e:çlanaüion of the com-
prrùaùions made to compute flow passinß the state l_ine in therrBasin Study'r, table 1OO, follows. The same procod.ure was
used to compute table 99¡ however, on].y a su¡nnarï, of the opera-
tion süudy for the compacù conditions is l¡¡cluded in this
report,

CoL. 1 indicates the year of study.
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;,., ' . qot'. ? ll"t" the reservoir denands on Harlan County ree€r-i 'voir.'for'Èhs'121500 acres in Kansas above Lovewerl as däöer-' nined from"daüa in ùabre pJ. The naturar.flow rlsùed in col.l, tabJ-e 93, was uscd flrst to meeü the de¡nands in Nebraska
CoI. ó and l, and if any was lefb, iü nas consid.ered üo meet
the CourüLand above Lovewell deroands - Cot. B. The denand
required for Courtland lands abow Lovewell, CoI. g, not rnet
by naturar flow is the denand on ühe reservóir Ësté¿ In this
colt¡¡¡n.

CoI. J is ühe rese¡'r¡oir denands on H¡.rlan County for
lands below Lover.rell. It is deüermined in Col. 23 it üab1e fl¡,

CoI. /¡ is the reservoir demand for the Ssandía Unit as
Listed ln CoI. 26 of table 93.

CoL. 5 fs the n¿rtural f)-ow crossing the state line and
u-sed by ths cor¡rtland rands in Kansas above Lovewell. rt isthe portlon of col. I of table !J ùÌrat is meü uy naturar florv
and was coraputed by subtracting coI. 2 of this f,abIe fro¡n co1.I of table tl.

CoI. 6 is ühe natural_ flow c¡'ossÍng the state line ühatis used by courbrand rands below LoveweÍl. rt is comprrted
frorn table 94 and is equal ùo CoI. 13 less any portÍon of CoI.
13 indicated üo s¡ri1l by CoL. 22,

CoI. 7 is conputod from table fl. It is the portion ofCol. 17 ühaü could be used to rneeÈ cle¡aands for Scañdia CoL, 2j,
CoI. I is the de¡nand on tho reservoir for r:iver loss aslisted ln Col. 27 ot üab1e 93.

Col. 9 ie fron table 93, CoL. Zg..

col. 1o is the spills from fiarran count.: diverted to Love-well as deüerrnined in Col. 14 of table 94.

. CoI. 11 is the shortages to Kansas lands compuüed üo be6z/go of the shortage tisüão in CoI. tt of table ïh, ,

Col. 12 is the sum of Colunr¡s 1 through IO, less Col. L1.

. . - Col._13 ig comprtcd frorn table 93 data. It is CoI. 21,table 93 less CoI. / above and less CoLs. 26r ZT, ana-àû ot
ùable 93. the result i.s corrected for shortÁges'to Scandia.
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9o1. f4 1s the. spills from Harlan County, table 94, Col. 1O
less.thejportion diverted to Lovey¡ell CoI, t4.

. Co1. L5 is the sum of the above CoI. 13 and CoI. 14,

C.ol, 1.6 ie ühe sun of the above Colunr¡s E, 13 and 14.

8. .I?re average annual use of waüer as sholrn by tribuüar-
ies and sfates for the periods of stud.3r, nanely, 1!2! ührough
1947r are presented in exlrÍbiü f0. A comparisoñ of.boùh süudiesis eho¡r¡r on this exhibit. This conparison shorçs ühat ùhe aver-
age arurual use of .water by states is less for ühe ilBasin Stud,yrl
ihan used in the,rrCompact Study.tl

9. Tables 101 through 115 show the Èabulation of the
average annual watsr use by staùes. The r¿ater use is deter-
mined for the various units arong 'bhe tri.butaries and ¡nain
stgp of the Re¡:rubJ.j-can River. The conpuüaüions are l-isted for
both the rr0onpact Studyu and the 'r3asiñ ljtudy.r'

S}runary. and gonclusions -- Sùorage reserwoirs are required
on most of the ¡nain water producing tributaries as t¡el-I aJ
on the maln stem to uùilize the maximrm practicar water resourccsof the Repubrican River ðasin for iruigalion development, ,:lven
ühen our süudies Lnllcated thaù arl ofthe waùer sulpry al_locaüed
ulder the compact was not used, o¡r investigations ànä tho"uof other agencl"es have not disclosed a practical plan for devel-
opment r¡hich will use all waùer as alLoóate¡l in tire compact.
Ân invesüigation was matle of present use areas, and for
scattered areas that were anticipated to be developed b;'prinaüe
enterpri.se. -Depleùions by anüiclpaüed stock pond äevelôpnent
were rnade. ¡leservoir evaporaüion loss was acóounted. for.
tlater supply operation studies were ¡nade üo determine the
adeguacy of tlre av¿rilabre waüer suppJ-y for all the iryigable
area found in each unit. Additional depreüions for unidenti-figd dgvgloprnent Ìrere necessary in ühe ;r0ornpact Studyrr ¿o
aLlow !ìrrt corapact depletions. iiven then tire waterËupply was
adequate to serve the proJect areas withouü inüolerabrå'sirortages.

j
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Al,.loc¡t1onc undsr RepuULlea¡r.Rlver Conpact, of lgl¡2.:' ..'
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9/ N. Fork of trepubltc¡n .Blrer fn Nebreske ¡nd naln ¡len of tlro lepubllcan
Rlvcr bettaen tha Junotlon of ths NortÌ¡ Fo¡* ¡nd tbe Arlka¡so Rlvcr srrd the
lo¡raat croarlng of tl¡c ¡{.vsr of the Ncbr¿¡ke-Kansao State Lf¡s ¡nd the ¡n¿Il

..girttut¡¡¿e g thereof .
il Rad Fll.lorr Croek dralnage besin in Nebr¿ske,
9/ Fro¡o the naln st€n of tbo Sepubllcan Rtver upctroan fron tÌ¡o lc;est croso-
1r¡g of tl¡e rtver at tù¡e Nobraeka-f,a¡¡aes Stot¿ Ltne and fno¡q ¡atcr supplLes of. upatrorn ba¡Lna otherrLse unallocatad. Kansgs eheì1 have the.rfgbt to dlvert
¡1I or ery port'lon tÌreroof at or noar 0ul,do Roek, Nobraska. ln Ã¿¿ttlonr thoc1llro rrter auppþ or:lglnatlng l¡ tàe Bssln dorn¡treår fr¡n tà1s pot¡t ls
el,looetod to f,aa¡as,
11 tlrol- 14e l{. Fo¡lc of tàs Rapubltcm Rlver ln Nebraske, the naln ¡t¿n of
thc Republlcl¡ Èvsr botr¡en lhe Junctlon of tùe No¡tb Fôrk ¡nd ¡rtka¡oo
Rlver ¡nd tàe lorost crosoJ.ng of tùc ¡{.vcr at the Nobraska-Kånaar Stat¿ l^{'rer
fro¡¡ t"Ì¡s anall trlbuteriee thareof, and fron ratsr cuppllea of upatnal b¿aln¡
othe¡rrlse u¡ralloc¡ted hcrsin.

lÉIlt Bbuld tùs futuro conpuùod vlrgtn raùer aupply of any lourrc. vary ¡6¡û
tùån 10 percent frclo tbo vl¡gtn ntor ruppþ hcroln oet fo*.l, tùe rtl.oc¡tlon¡
heret¡after n¡d¡ fron euch rourc€ shall bc lncrsased or Òer¡a¡od tn tå. rt¡,&1tlru pmportlona ühat.tùe futuro coÌputod vtrgin tetsr mpply of ¡ucbf¡6¡rcr .l

'botrt to tùs cqutodïtrgln rater aupply useã bßrgln, such actlon..q,.f;; '.

r¡nûúrloua sstlon of offlct¡].s rep¡loadltlng ùhB t]rree ¡t'at¿u.

.T
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KS002021



eùlõ 7-

grrt¡!ç Dog Cr. F.a.r, C. 
^.Pr¡tr!. Dog Ct. Prllc¡ C. Â.

Pr¡ld! Do8 C!. S!tlr!, It
Pnl!16 Dog Cr. Stoltr, C¡Fol
i¡¡.lilG nog Cr. h¡k' F td
Prefrlê DoA Cr, Icchry, tt¡ltÞd t.
Pr¡lr1! Doß Cr. I¿tl¡rtr, Joh¡ R.
Pr¡irl. Dog cr, f¡d!, t!.
i$lrl. Doq Cr. 3t6c, E¡rl D.
P.¡¡rL. Dog Cr. !ho@rø, lt¡ys
Pt¡t¡!è Dog Cr. (Ècy!È, F¡.d¡ )(r¡ldr, c.rrh¡)
Pr¡lr1,! Doß er. Xll¡.r, al@
Prrlrlt Doq d. St6r, .tÐcs 5,
Þlalrla Dos C¡, tlnq, lql!. Gù .l
Prrlrl. Ðos 1Lb X¡ut, F!.d
RGpubllq¡ Rlrr¡ ll!¿¡ùrdr E, S.

goùtcê

Cook C¡61
fl!8 CF.f
Fl¡ß C.Èak
tf¡g Cef
Itllrcsc creL

¡pprcpr{ ¡t'o¡
or oDc!¡tot

f¡lkÇll, Jotq C. .t ¡1.
¡hrr, Robc!.¿ ll .
D¡vtrr John E.
¿sdgrâ6, xrr. l:D
trrB, iobr¡.! ll.

Port gfftc.

il.ú
l¡.¡
orlN
ort¡¡nJ
llq
ttr
¡l¡¡
l¡a
¡cÞubllc¡n Cl¿t
Ah
tlq
fuPt¡bll3ü
ll¡¡

CLT¡

CltyRrpùbltcs
tl¡¡
rlh¡

glIrts,
Côôk Cr. tul
ÞurÞ
PuF t
P@Þ
Pulp
Prm ¡fo. ¡
Pu¡p lfo. 2
h¡¡Þ
ârup
Pu*
Þury 'rü4
PeP
Pupr
Pu¡p¡
PEp

PÛ¡¡p
Arç
!wp
fìÞp
0tlcsr Ul1L
Puq
Püq,
PUP
hlF
tplfDgqr C8¡1,
PqEp
tl¡lkü Rê!ldofr
Pu¡rp
foldcl PqÞ
H!¡got! Pu.ç
¡auler htç
P¡pe Putp

!âb1r 4 . Cl,¡ls rnd Àppltc¿tlora for ?¡ùÞr lL¡htr lr ¡t¡r¡q Cô. [creFot¡ lrô¡ 1,/

l¿oc¡t{6 ot
Dlrilr1o!Pro'lllml, DæuÐt o!

Crq¿ Sæ. I R Coütt D.¿. Prtor.!,tr ÄÞÞ11c. Io.
o,r1 ctt
0.Jt
0.22
0.09
0.7¡¡
o.ú9
o.¡ù
0.50
o.)9
o.29
0.1¡¡
0. tJ
0.r,
0,58
0.¡1
0.¿t

o.7t
0.l¡3
0.31¡

84

ss
Irrlg,
I¡rtÊ.
rnft.
I¡¡tB.
Irtlg.
IrLg.
¡$19.
Irrl¡.
tEts.
t¡rtg.
I rrtg.
Irrlt.
!rrt¡'
IFlg.
Irr!9.
Irrt8.

I!É9.
Irrle.
IE1g.
f Ffg,
Pdar
IÌ¡j.8.
Irtt.
I*{S.
Inlg.
Irr!.¡.
I¡ttg.
Stor¡tã
!rrfg 'lr¡1g,
Irzt3.
frtB.
frlB.

,¡ult ¿l¡ lt¡7
rer. 19, t?lrl
lpr. l?, ltül¡
.¡¡¡1t t, r9l¡¡
Juc 1ù¡ 19ü!
t\a. 2, l9J7
¡ù{:. '2, lt3?
sqpt r¡i t9l7
Aq. ?¡ l9J9
¡u3. ?' l9l9
ùw. ó, ltr9
Ds. 12, ltlt
.rü. ltr lt¡¡o
IE. l¡, l9ùo
r¡¡. l¡¡ l9l¡0
s¡þt 5¡ l9lo

Oct. ll, lll¡O
llw. 20, lilro
I¡r. ó, Itlù
Dcc, 12¡ lgJl

,Àq,. 27, 1925
sl9t ,0¡ lt¿'
I,rr. 2t L926
lcb. l5¡ r9lJ
Ilov. l5¡ 19J9
s.pt ¡6' U¡¡E
r!s. ¡0, Itl¡ó
D.c. t9, l9t0
{ov. J0, t9l¿8
J&. Ð, l9Ù9
Fcb. 11, l9ù9
Fcb. 17, r9l¡t

ll-2.1t Ídrlù
27-1-19 ll¡¡lu
21-l-11 lt¡rl,u
¿2-2-It flrylu
E-2-19 thr¡u

2l¡-l-18 $¡¡lü
2t1-1t lqle
J3-1-¡ô ås¡&
2Ù-l-18 !¡!le
¡?-l-ts g¡r1ù
ll-l-18 B¡rlu
?lFl-18 n¡lfs
26-¡-19 ¡l¡¿ü
¿J-¡-lE 8.tle
fl-l-t8 t¡rlt
¿J-1-18 ¡l¡¡¡E

¡5-I-rt Hsrû;
ll-l-t8 llsLq
l9-l-17 H¡¡ln
?9-I-I8 ll¡¡lu
2?-2-19 H¡¡lu
ll-2-19 llulu
5-I-13 Hü¡s

Jl¿-19 ¡l.r¡ù
J3-2-19 ¡ùlù
U.-l-¡,? HÈ¡e
l2-¡-I8, tEl¡¡
2-l-19 ll¡rlu

25-?-19 Earü
¡9-?-lt c.!¡s
l8-2-¡.t Celù
JÊr-rP rlùtù
?t-¿-f9 ¡r.!¡e

1ù91
J607

'TI2¡?¡¡r
t62l
2160
2768
27ú
29tó
zrl¡3
¡010
¡o!ó
Jo?0
ltoJ
¡1t¡.
t?56

J292
33¡¡
Jur
30¡¡7
I0l¡)
u76
178!.
¡?98
210¡¡
¡o¡9
l¡l¡3
Jr50
3J5l
l¡18?
l¡l¡21
ùÀ3¡¡
l¡l¡36

Rlpr¡bltc8 Rlvar Ptshbeh, o.or8a
f,cpubltc¡r Rlvcr 3tat6!o¡, ¡.8, iÌrt
l.PEbllc¡n f,lv.r lÌekrr, tr. 6.
Rrpublfcu Rtv.r ffrchbæh, o.orge
Rspqbltcú Rfv.r ttpli¡gúr, I¡b.l E.
Sapubllcù RlÉr Slndg, John
8.pub. R1v.t ?r'lbF.ok.r, Robst
8oÞo Cr6o¡( Bortttr¡d, Prôd E.
Rlpubl¡cü Rlwr frtd.l, l,¡blrt t.
Rclubl.lcs Rlvct n.r8ott, !!æf!
Pr¡lFl,. Dog Cr. !¡il!.r, ol.s
3ôpp¡ CnrL P¡p!, PÌeþ

0,22

6,lt¡
¡¡.60

o.?t

¡05 ¡. F.
o.32
r.tl¡
0.81
o.2J
1,.1¡I

tct¡¡ (I!!ts.) 6.72

V ltclûd.r .11 cl¡1Àt ud ¡ppllDrtlonr ¡ot cucrl¡.d. ¡1'o l¡clü¡!.! ¡pptfq¿lon! ràtch b¡r! aot bq apÞrd.d.

Ripnbuc¡r CIùt
fødruft, lbnt¡r
l!ü
[Ç¡nry
¡lu
O¡lcm¡
úoDg&nt¡ Colo.
¡le¡
ll¡¡
orl!ur
ta¡ms¡
RrF¡bllcs ofty
or¡rst
0¡lr¡nr
OrLE!
0rl.s!
lÉdNfl, ¡(¡Ì!ú
011.¡[

7
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!lBb16 J'

lrbLr ;1. cl¡lu snd tÞprlc¡tronr ter bùs 
'fEht! 

q RrPr¡blrcu Rrvrr, Dln rt6 b.rq !Èlu cmty Du V

':,i+. t-'rr:'
Polt Ottlc.

Colu¡u¡
SuÞèÉqr
BoEùrick
SqPo¡l o¡
Ècd C¡@d

BattùlcL
BFtrlct
EostÉct
Eottrlck
0dd. ¡æt
S¡p.r¡o!
¡D¡r¡1 È

rm¡ifh
F.rtt¡Ur
Rod CLqd
Elorl¡Sta
Sup.rlo¡
Bcd Cl6d
nlrGrtq
P¡l,o ¡lto
RIYê¡t6
suplrlor
Supcrlot
3o¡t¡1ck
¡cd Clôud
Super!o¡
outd. Eæk
SuÞcrlor'
¡l¡!ÐGa
Ould. Rock

-¡¿nvc¡
DaDvrr
R.d Clqd
Rcd Cloud
Rcd C¡oud
Red Cl@d
Rrd Clùd
nôd Cloud
Rcd 6loud
Rrd Clcud

C11L!

. OuÉ¡rfe ø.n¿
, Pu4¡
&tts Cq¡l.rl.
Iqd!¡.! Cq¡l

, Pu¡S¡

. RrÞ. ¡Uv. C.fll

. n.p, Bfv. Cù¡f
I [cp. ¡1r. Cc¡l
i fup, Clty n.r.

Þov,.t16¡1

t.P

!ærttq : ,

3!-l- ? Ntcl(ol.l¡
¡?-1- 6 f@koùI!
2I-1- 6 XEtollr
l5-l- 7 tuctollr
( 2-1-12 Ícbttcr(t-}-u
¡l:l-l? Eq¡ü
FI-U f¡¡¡¡¡t¡Èl- 9 ¡cb¡¿r¡

¡j¡-l-l7 E¡rt&
9.1- I trbrtGr

¡5-1- 7 r*¡olÌr
¡-l-Ió rr¡¡ku¡
7-l-15 F¡e}Jfn
&.1-!l frbtt.¡

I'.l- 9 rGbstÈ

. il*L

*.}PäË-:'rr
z-*PÉ&r-Is

lpprcprt¡tor
or CÞc¡rtot

Cølwru Prbllc P@r Dfst.
torde, DgÌtGt
l(clts., .t. ¡¡E@ J¡.
IqndeU, B. C.
¡ln.sø, F, L.

Rêp. Rlv. P. P. sd trrtg. tltrt,
F.cÞ. Rtr. P. P. qd frrla. Dt.t.'Rcp. n¡Y. P. ?. ed_ frdS. D!!t.
Ecp. Btr. P. P, ud frrr¡. Df!t.
trl.bl, t. C. &¿.
¡cud.ll, 8. C.
Drq ad Ct¡¡*.I
t(.¡$ qd lLü.q
I¡rtl¡, lorrl, 0., Et sl
llouchl¡, oco¡tc
Fd.ll, Chqlo¡
LctG, Erut
¡ucl., C.orgt
E¡ch, t, J.
lEldr.¡.!slc¡ C.
B¡ch, I¡!. lh.o
But¡.r, llqd R.
Butlcr,
Xclf.r,

f¡otd R.
Oúln

t!.

þæt
Irr1g.
I rrlg.
frdc.
lrrlg.
frds,
:r.Ig.
frr''g.
Stù¡9.
I rrlt.
Irri¡.
lntS.
frdc,
frÉt.
IrrfS.Irrts.
frrf¡.
¡81s.
IrrlS.
frrtg.
I rrf€,
IrrlB,
TF&.
¡rlt.
Irrl¡.
¡rrlB.
¡¡r19.
ü8.
f r1g.
f$¿9,
Sto¡¡ga

D¿tc Prlod,¿totint c.t.r.

!', ..i'.

IEG!ø,
l¡ers, f.
0hD!t.dG,

L.11.
0crh¡¡d

n
t?l)

Pu4..
Iadcll c8¡l
9ç
PUP
h¡P
PUE
F¡4
Pu4
Pu¡"
h'p
Pq
Pulp
Puç
Pu+
IclJ¡r CuIl f,t
V¡l¡,êy ordè Ce¡l
Pu+
Pu!ç
Pu¡ç

scpt. l, L8?7 ],O)ß
srpt. ?3r rt90 r8ó2
Sêpt. 22, L9þ..,2L67 -

s.tr¿. 7, 79t2.I??p,¡pr. I?, r9l3 r:116
;j,-.

t.b. I. l9l? .:ã69r
r!b. r; r9j?æ€9,i '
lrb. I' l9l7'*¡É9r
l.b. t, LÐ7 *3r2r.t ?, ltl9 :r,Ð.I9,rutr U, 1939 iÈ?g3,r.
JE. tt, LgtA ,þ19Ja. 22, r9!O lÕ81Iu. lJ, f9l¡0 ..31¡ó¡Ðl. 5, 191.0 '3U1tpr. 19, 191ô . .3ül¡

^!8. 
ró, r9[O t?l¡orus. 28, r9ùO 32¡ù

Je, 22, l9lù Ð75
,t!ß, J¡, I9¡¡0 ¡21¡8
lrb. ó, 19Àr 3.leù
s.Pr. j, t9râ 3292I¡¡ 9, 19¡T JUJ
Ju. 2?, L91.2 JSt!1Iq. 11, L9\2 J5S8lpr. rl, LgLil l¿ñ
Jur 13, f9ù7 l¡o8o
Scpt. 10, :.9!7 l¡rot
xoY. 5¡ l9l¡7 rr,'olov. Iùr f9¡¡7 l¡fl¡3Jq. 26, r9l¡E l¿f9o
Prb. 7, l9ùE l¡2o5
rrb. 16, r9ld l¡?ré
lcb, 26, r9ù8 l¡?l?
tcb. 26, ¡91¡6 l¡210
¡Ëb. 26, f9Lð l¡2f9
!cb. 2ó, f9¡.8 l¡?2Ð'
l.b, ¿6, r9l¡8 l¡¿?r
P.b. ?6, f9l¡8 l¡2?â
Pcb. 2E, lrt!8 \22'¡
lÞrU. 12, f9ù8 ¡¡?¡3
¡Þrrl 26¡ f9l¡8 l¡25o
¡prr¡ r¡¡, f9ù9 .lrh$..,'

:.1 *
iltlt .t .

lù.1-16 fñ¡lll!
Jbl- ? t¡cloll.
7-l-IO Lbrtc¡
-3-l-¡-l¡ f¡.dof¡
9-l-l¡ l.bot.r
l-l-ü Pmkltn

3l¡-1,- 7 tuclour
3l¡-L- ? rwÌoll¡
2I-l- I fæLoll¡
tI-12 rcblt.r

3!-1- ,7 ræLorl!
IO-l- 9 hbdt.r
27-!- ? ll¡ckoll¡
ll-1-1ó F¡q!1l¡
l-l- 9 l.bstar
2-l-17 ¡lulE

lO.¡.-10 tcb¡t.r '
ll-L-l,?.llt1u
l!-I-r? H.rtq
7-1-l¿ r.bltct
2-1-12 teb.t.r
&-l-ll Í!b¡t.r
7-l- I i6brt.r
7-l- 9 r.brt.¡
f'l- l¡ P¡ullln

l8-1- 6 l{wlolts
ló-l-16 Fre¡If¡
18-l-:.8 lætollr

l¡O0.oct
r.où
9.81

.2.61
o.2J

0.2ó
o.0?'o.y
0.?e
0.t6
0.07
o,75
0.67

_ o.lt
o.ù7
¡.1ó
o.r0
o.5,
0.03
2.08
o.25
0.11
o.3óu.þ
o.?l¡
0,15

350,000
L.O?fr13.

I rrl8,
fry1t.
¡ElB,
f ad8.
Ir¡.L8,
I ¡îfE.
fFiB.
Irtg,
¡rrtSi
¡trlg.
frrlg.
lot.l

Ncbr¡lk¡ C@r¡t Co.
,r¡clsû, ¡t;fn f.
Croziê¡, f.ltâr
U.s. ol kÉc¡
Íqll!, l¡1. l.
lorùÍ,ck ldB. 

'1Jt,Eostdck Irrlß, Dllt.
Bostrtck lrrl8. D1st.
Bollrfck Jrrlg. Dfrt.
8oB+,Ìlck lrfg, Dlrt.
Eostnrk frrlt. Dist.
Boltrlck Irlg. Dlrt.
Bostrlck lrr13. Df.t.
Îl¡ùp!ø sd JolErton
Orù1, R¡y
thqtpron ¡¡d Jo¡¡trltü

:/ f¡clùdG. ¡lL c¡.¡lú ud

Puq
Pülp

r ll¡¡La Co. Rê!.
. P"4
Freklln Ce¡l
l{¡psra ca¡l
R.d C:,ed lI P!¡p Ce¿¡
nld Clôud ,2 Pue Cú¡l
Bcd CIoùd rl Pl.!ç Cq¡l
suÞ.nor cù¡I
coultlud Cs¡l
lrqùll4 Ccsl

0u1de læ¡. pu¡lp rfll¡pgn.r ' FuP
ould. !æl 

i 
PU.P

rrpltøt1n! ¡ot cqccJ¡d. ¡¡æ
'i

I

I

frrtt
2.1¡

!9.r¡¡

l¡cludc¡ ¡¡Ðltc¡tfoN rl¡1ch ùêv. ¡ot h.@ ¡pp¡ovrd,
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RÊ PUSL ICAN RlüÈãl'i!" Fiii
. NeÂR .i

B'-ool4lI€ToN, NEÊl' t 1.fo5

R¿ PJB¡-ICAN R¡VER
NEAR

H.qRDY,_- NFBR

R:FLELICAN R,iV:P
Ê1 ¡

SCANDIA, KAN¡SÂS.

--r- -'--' - -"'-'

!'I
I

I

¡

63
¡

F-.-'--r*-- --
Li- . ..... _

I

TYP E

6
cÞ

. =l_T]___
t i ,^tra 

-i---_ 
__

. P.EPUBLICÊI.I F.iVER
AÏ

._c_!AY cENTERT KAN li, ó3 7

SOLCMCN RIVER
Èl

BELOtT, KANSÂS

I WiiiiE ROCh CREf K
í NSAR
i LrvEwElL, K,qN.._i. 9-*1

¡
I
^i'

{J Ì.
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lrblr 6. lllrtcrr'c¡l Fêcqd! o! strce Flil r! strrü-Í¡drs st¡t!øs uæd ln trttr $uþ9ly gtudL?! f*

l.
Strtloí' Dr¡li!.8q lr.¡

ln-.
Strs Eltl æi4r n¿cqrdr ol

l. PrF¿bllcq Rlver Nq¡ Bl@jr.to, l¡.brsþ \f.,LO, 521,sæ , . e2r,qæ.^r. 1r, ì,929'. 'Nd. 10, t93g
llæ.i ß, 19æ

2. føpirtùlcra Êlu llry lt.rdy, ¡tôbr¡rk¡

3. f.F¡ÞItcú llÊ st Sq¡dt¡, Iuu
..'j..'.

ís,fr, óor,¡oo.¡¡ry 1,9, 19? -
¿ó¿,0ù'" 6æ,ù' tu¡. 2?, 1919 - tElJr2, 1925

Lue. \4, l92t - ScÞt, 30. 1935
oct_. 1, t9r5 --.S!Þt.,rO, 1%¿

'I
lüs; r, i9o4 - irc. 21, igu ¡/
¡cb. u, r9¡2 - o&,. ?7, 19L1 rJ
trb. g, 19f4 - JEê 2, 1935.
Jw ,, 1935 , ll¡y ó, 1936
rry 7, 1936 -.h...nt

15,ú3

r6,096

PFeøt
i

'P¡rr¿írü ni

'ì

1. n F¡bl!* Rirâ¡ ¡¿ C1ry-O4tôr, IIF¡!
.t

t7,684

5. Soloúo0 ElG¡ 
^i 

B.Ìott, tr¡Eü 5,1to 5,9@ 2æ,2ú.-,.s.2.,
Jrn, l.
Ârr. 9r
rÊ. u,
Ir¡r, 19,

6. ¡td.t Roct( CËt Nð¡ ¡øætt, tr¡m! 1U 77,7(n .1,610 tr.Y
3!nt

2r. lo46 - S.pt. 12. 19¿? Ì 
^, l?. 19¿? - Fæc¡i E À

gl l¿eqo, of g.¿'. h€l+t! only.

V îyp.'of O¡eÊ

i C'- Ch¡tn
. S - st.tf

Y - *frr felg¡t
¡ - Rrcoûier

,iil:

l89t - Jw æ,. 1P97 .s
lqôl - ar. 8. f918 s/ S
1918 - tuty 31r 1919 y c
1929 - tts. 18, 1910 Í
1930 - hê61 ¡

,)

2J SoEcê of D¡t.

A - U. S. Crol.Êf6l Sudry (l,Erbllt¡ld)
B - ll.hrsk¡ Dspsbraþ ot Rcr.l! Bd lrrt8rllø, BtÊDnl¡t R.!þri
! - $F¡u of l8rlc,¡lfur¡1 Ecmølc. F¡srt, Jq. Ig¿,1
Ð - 0. S. ccolôglel Sqrc¡¡, tatr¡ Sr¡pÊy p¡pø¡
E - Dl?lsfon ol l{¡le R¡æurca (K¡s¡)
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Tablc_--g¡--1-.rlllstor{,crl.flgr of RepuËllcan liigi. nea-r.Eardy and !Êar llebraeka-lie¡sas State Llne.
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1950

1S9l
t gge

1933
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51.4

14.9
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9.0
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22.6
26.9
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57.0
3?.4
se.3
32.2

38.¿
59.0
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L/ October 1928 throu
June 1932 through

14;1 49.9 65.9 154.0 s5.1 36.9 40

ghf'üay,l9õ2 based on cbrrel¿tlon rlth Eepubltcan River at Scaldia, Kansas (92/.).
Septerober 194?. are .recordao
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Tabl"e 9 llistcricel flor of ..tbe Bepubllcan River at Scaldia, Kansas. )./
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to'.5
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ó
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e.5
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Ió.
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3ó.1¡
l¡¡.ç
l¡¡,7

35.2
80.8
39. ¡¿

l¡g.6
l¡3.1¿

j¡0.ó
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ló.
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9
9
5
Ir

7
9
l¡
2
0

9
2
I
I
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I
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I
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I
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0
I
I
c

7
3
7
0
c
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3
0
I
2

7

23.2
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r8.9
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11.2
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3.8
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5
5
2
5

9
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,
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5
?
2

5
,
5
2
5
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ó.
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27.
2.3

l¡.
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5r.
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l¿
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1
6
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0
o
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I
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7
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19.
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t5.
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3b,
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I0.
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9
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6
2

2
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191¡1
191¡2
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À.r
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7
9
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Av.,,!1.? e.*t ¿íî,2r:1 .7¿:* +7,2 î3:3 t2.0 /t/,t ûi.1" 43,3 4û,¿ (,ê+c

ù.0
56.5

l/ October 1928 through Scptcrùcr 191¡l¿ uc htstorlcâL rcco¡rds. October l9liL through Septeurbcr I9l¡? eetinateC
as 1935-191¡3 rcnth1y perccntage of picktþ, Hardy to Clay Centcr occurrlng ebova Sc¡ndle, þIus rr¡i-off
at llardy. '..

a
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î¡bLe /¿ ' Accretlon of Republlcen Blver flcr betree¡¡ flerdy, Nebraska end:Sca¡dia¡ Íansas V
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o
0.3
1.9
o
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r7.5
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0
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r.93r
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19JL
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r93ó
r9J7
r.938
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191¡3
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r9l¡5
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: 1.8

¡ l.l¡
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8.6
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0.9
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1
6
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1.7
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¡ I.2
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2.3
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5.e
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5.o
0.6
5.5
1.9
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2.9
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0.7
8.0
0.3
1.ó
ó.6

2.1¡
l¡.0

l¡.
3,

l¿.

ó
ó

3
6
,
7
0

I
I
2
l

6.1
-5.6
11.1¡
3.J¡

23.7

2.L
33.2

l¡.0 ¡ 10.0
10 l¡ 1I.O

6,5
2.7
\.9
0.8

o.
¡r.

0
JJ
1.0

-o
-0

1,3
2.1¿
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9.

-0.
o.

-1..

-o.
-2.
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5.
2.

6
2
6
1

6
5

5
1
2

I
1

i'1.'rltò.3
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1..2
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-2.5
l.o

¡ 0.1.
¡ l0.l¡
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¡-O.8
: l.l¡
r 1.3
1.lr.6

3.0
2.O

-L.5
-0.5
o,2

/'b

o.ó
2.9

-I.0
0.7
5,5

\r.2

ù3.ó
39.2
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2.r

e5.3

t
t
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9,
3.

-1.

3.
3.
1.

-7.

3
3
6
2
I -1..!

-1.5
9.2
6.2

19.2
3.5

L0.l
3.3
3.3
5.2

' 2.lr

1.1
2,5
5.6
1,.6
2.9

L'0
0
2.9

-3.5
lr8. 335.7

12.ó
8.ó
l¡.8
2.3

l¡8.9

-0.3

3
6
0
1
9

3.2
2.3
1.l¡
o.5

4.2
0.¿r
l¡.8
3.5
0.8
t.7

-o.7
o.7
2.2

-c.ó
-o,3

It.ó
3.7
?.7

33. tr
1l¡.1¡

.4,
1.

0. ¡¡
3.5

-C.
5.

-?.
-0.
-1.

'2.1r
7.5
2,9
0.9
¿.o

: L32.7
'. 29.8
: 60.3
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. 33.7
¡
: 11.3
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1ó¡5
22.O
1' !r

39.6
7.5

tó.7
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10.1
?.'l

2.O
3.6
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¡
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l/ Jr¡ne.l'932-thro'.rgþ Scptenber 191¡l¡ accretions are bascd upon concurrent recorda of florv at, ttrardy lad . ,Sca¡¡dia' oct 1928 througþ.ltay 1932 accretlo¡rs are basêd upon hfstorlcal records aÈ Sce¡¡dle end egtÍnet,ddfrors at Hardy. Oct. 19bl¿ through sepLember l.9l¡7 eccreträns er. uaiio-upon hlstorlcar t""orã.i ;ã -.::-:-Hardy and e8t!04ùed ¡¡eco¡dg at Sca¡¡dla. Åccretlons betreer¡ Hardy and Scandie cotnctde rrth accretlòbsbetreetr Republlc Dlveislbn Dan and the Scandia D{vergloq D;.- :' --- Þv"'.vÀe= '¡e¡¡ :. _,:
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Tsb1c //. Hl.stqric¿I accretion of Republlcen River betreen Hardy, Nebrask¡ and CIay Center, K¡nsas.

t,-1 000

).7 3.6 3,6 2.7 2.1 13

r9
r93
L93
193
193

L929
1930

3I

9.7I

2

3
¡¡

5 -2-r.2

L7
0

-0.
0

-0.

19.
-O.
0.
0.

-0.

36r.t

ú>

7

5
7I
7

I
-r. ?

32.|t
,.L

-Ð.3
5,3

19l¡f
lpl¡e
191¡3
191¡l¡
leb5

-1.0

29.6
3.3
0.5
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6.

38.

3

5
2L
35

Il¡.
22.

I.
60.

l¿.

n
360

-2

-9
55

6.
lUo

r0ó.
30.
2,

L52,
88.

?l¡.
2r,5

7
I
I
3
I
I
t

?
I
1
3
I
9
o

5.
33.

6.
2L,
16,
11.

-1¡,

2\.
30.
21..
22.

L55.

10ó.
L5.

2

I
5
I
6
3

0
I
9
7
ó

'l
7

-I.0
5.6

L.5
5,3

21.r
8,5

1l¡.5

39.It
23.1¿

r0.b
1r3. ó
Lg.5

!3,9'
il..9

-5.o
105.ó 2L2,2

r-28.r
L01,I

6
6
2

0
6
0
I
2

3
3

6
9
0
0
I
2
l¡
5
5
3

¿

1

L937
1938
1.9J9
19¡¡0

1.7
t5o.g
10.8
3,5
8.2

rPl¡6 ¡ ?.9
I9l+7 z 23.3

-0.3
22.9
3,7
1.2

-l¡.
16.

I

-)
I.
1.

L2,

2i¡8
l¡Z
?l¡

0.
9.

30

1.?
r9.0
5.r
5,!

2¡.1. C

8.5
11.2

7
?
3
7

9
1
3
3
I
I
0

73
I

l¿7.

9,

I

207,
9¡¡.
ló.

26L.
l¡?6.
379,
3l¡8.
755.

269.
Sln.

l¿. I
5\.7

L

1
2

l¿.

1.
9. 5.

_t!

lett-+7
Av /9, 7 l.c 14 .t. ì 2 t.3 .t?.4 F2.s' ?v.1 22,2 30,i 22t.g,'

V October 1928 through April 1929 deùernined froo the estl¡rated scaridl¿ flors less thc htstoricel records
at Hardy. FebruarT l93lr tirrougb Septerober I9l¡? detemi¡ed fron hlstorlcel recsrds at Hardy and
Clay Center.
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192I
1930

1.931

1 932
I93 3
1 934
193 5

1941
194 2

1 s43
I o¿¿

I 945

1.94 6
I 947

,êç
Ig.4

30.õ
27.2

48.6
'tc E

!7,1
3 g.g

43.2
121,0
25 .8
,c z
?n t

62,6
48.0

58.0
õ4.8
æ.0
30.e
s 0.e

^Òt
101 .5
104.9
l3g.e
t33 .1

Âzz

70.8
100.{

63 .9
19É.?
4qc.9

3?.0
e5 .8

1õ9.0
154.5

53.?
13?.5
'ìc t
4A cr

cqa a

476.6
302,4
3#.e
I'.t7,4
2lE.9

,7ô C

567 .7

€0.0
22,O

l?.0
õ1.0

10õ.4
95.S
tÊ g

2I1.2
43 .5

10.7
55.9

.'l

2e.7
24.3

o
2

I

¿õ.8
16.0

81..0
147.8.031

l.05.0
1.0.0
1l .3
iç.4
1,e

Étt

7.0
9.0

lt I
,2

ìo ã

46,72íi,2

l1 .7
a.t

1õ.9
Þþ.Ð
3g .6

8.7
27 .4

?2.4
36,5

Uì

59.5
lc c
1t o

1ç.6
1ì Ê

34,2
óð.þ
ço o

0.1
e0.2

8.3
27.2

119.0
14 .O

209.9

193 6
1937
I ç98
I 9õ9
I 94C

4€.
L0.
ç.

50.
24.
¡Þ,
1.1.

143'.e
27.2

150,6
42.Q
e1,2

7e,g
127.8
206.3
ìÁo c

7S.4

¡.6
32.5
72,t
35 .1
tn =

LC.5
28.6
52.9
ü.9

2Ì.0

3 g.e
25.9
17.5
zÊ tr

'l? É

40.0
23.1
27.2
3 5.8
lÈ.4

4ô.0
6t.l
40.2
38.6
31.4

r1.1
62.e
öè .c
qt?

49.1

Ê

o

4
I

'f9"f":o
3trgil

ôl\E

35.9
9? .0
27 .t

133 .S

14.{
25.2
21.c)
I2.0
96 .2

24.7
T¿,.4
22.7
23.7

22.4
45 .9
32,2
ìc a

aÈ t

12.8
15.7
7.7

13.4
7e.q
72.9
54.4
23 .8

34 .6
30.0

oo.I
4YrI

ìn

r+à!ii-
.;
:¡r

639.7
506.7
7c4,4
502 .1
slts.4

111e.6
-Ì38f .€
,849.6
ll.42,g
lg23.O

149.e
645.5

1s7.4
4l,e
€.1

21.6

33.4
54.1
e5.1
?9.7
46.4

3ë,2
91.9
41.?
c2ì

60.c

143 ,0
e4,2
45.6

e15.9
246.1

IYU.
V¡

7I.
tÊ

18.¿
gzt

34.0
1s.Z
?6.6

14,7
6?.¡

732.0
2

I
t
7

tc o
291.2

37 .9
3e.2

s1.9
l.7L .l

1e2.7
:.4 .6

.4

.o
zo2, 58,4

34 .8I ,2

I929ttr7:46.4 29.9 38.6 52 9 ¡ 67.0 04 t 2I4.3

LJ 0ctober 1926 through Januar¡' ls34 based ¡pa correlation r,;lth sca::dia,
reco¡-rls.

613734tj

¿ 26.227.1 I e2.0 5õ.4 6Z ,l 804.0

Kanses. irenalning values are ;
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HlstoH.cel flor of ültÊ Rock C¡cck iü Lovcrcll Das Sltâ DÊa¡ l,ovrrcll,Î¡blc 13.

0.ó
O.?

eCrc-fcct-1

12.8 '

0.1¡
I.l
0.1tI

5

0.1
O.l
o..3

1.1
0.1
l¡.3
0.2
0.1

2.b
,.\ |
0
3,2
0.!¡

12.0
0.1
0
212

t
¡
I

I

I
¡
¡

t
t

I
t
I

t
I

L.7
0.?

1.¡¡
1.9
L.2
I.J

13.7

6,2
l.?

1.8
0.1

t
¡

I
¡
¡

I
¡
I
I
¡

I
I
t

¡

I
I
I

.2
,7

I
I

I
t

t
t

t

t
I

¡

¡

¡

I

¡
I

otl¡
0.3

0.8
0.2
1.3
o
0

0
0.3
o
0.8

o.7
0.3

.l¡

.3

.I

0.9
1.r
0.r
Ars
0.1

0.r
1.0
0.2
0.2
l.¡¡

0.1
0.5
o
0
0

o.
o.

o.¡.¡
0.9
0.1
0,1
0

0,1
0.2

0.1¿
o.2
0.1
0.1
0

I
J

0.1
0.3

0.5
0.3
0.1
0.Ì
0

o.g
0
0
0
0

o
I.3
0.1
0
0.2

0.1
o.t

0.1
0.6

¡
0.L

13,,

Ln9
1930

19ll
L932
t9t3
I93l¡
L935

I9l¡1
191.2
191¡3
f9l¡l¡
191¡5

r9lÉ
r9l¡7
191¡8
r9¡¿9

rO\¡
0,2
1.2
2,2
5,9

38.1

13.1¡
6.9

2l¡.3
2.7
5.5

. 6.¡r
'¡¡.0
1.3

Lt.7

6.?
5,3

tt.0
l¡.8
I.l¡

21.0
lû.6
19.2
¡¡3.9

1.9
0.8
o.2
o
o,2

o
a.2
r.2
0.1¡
0.?

1¡
0.
o
E.

0
o

o,5
l.l
0.1
o
3.E

0.3
1.1¡
9.5

2,,
r.3
0,5
9,?
l.l

0
o.b
0.9
0.3

5,3
L,5
lr,f
0.9

0
1.7
0.1¿

11.2

2.1¡
O,2
0.6
o.7
1.2

3.C
0.,
o.9
o.2
2.O

0.3
o.I
0
0.3
0

0.3
l.l¡
0.8
0.6
0

0
r)

0
0
0

r.0
0.3
0.1
0.1
o

1.1¡
0.1
o.3
o
0

I
I
I

1.
0.
o
0.
0

0.5
0.r
0.!¡

0.3
2.Lt
0.2
o

1.1
0
0
o
o

o.2
l¡.5
O12
o

r936
r937
1.938
L939
r.9bo

20.)
t5,5
3r.0
2¡¡'ô
óE.o

.0

0.1

0.2
o
I
2.I
6,2

0.3
8.6
0.3
0.!¡

5
I
3

0
0.
l¿.
l.

0
o.5
0.7
0
0.5

o
0.8
0.I
0
0.r

0
2.
o.
0
0.

o
2

2

2.5
21.2
L.5

2L.6

0.1¡
I.0
7.0
5.t

.3
¡l

0
0
0
0

.l¡
,3

o
0
0
0 .9 I

ó, 4,2 I /.0 /, ts-r
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0oa

on Republican Rlyer betrean Hardy end CIq)' Cent¡r. YayLg2g
rel.etlon rltt¡ Solonon- Rtver et þÌott. Jr¡¡c lglró ttrrough Sep

tårough
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table / + . Efstorlcar flor of the soro¡oon Rlver at Be)-oit, xensas I/
r - 10oo

Tea¡ : Oct. ¡ Nov. ¡ Dec. : ån : Feb. l{ar. : : June :

29
12.2
10.0

u,t
¿o3

26.O
835r,0

6.t)

Il¡.0
3.3

20. b
2.2
0.9

.3

.0

.2

.6
,3
.8

I6
5

ó
6
2
2
0

L25,9
5l¿. r
l¡.9

).¿

FI
Þg'

LJ
L

t/

7.¡¡
L7.7

6.9
5.8

6.b
J.5

LI.
rt2

3.9
112 .3

5.lt
12.0

3.82,9 i 2,7
96.3 ; l¿3.?

.2

.3

.5

.l¡

.7

.lr

.l_

.1
Â

.8

.7

.L

.I
,2
.2
.2
,6

.9

.0

19
26

35
L
9
3

93

l¡O

6
¿>

I
l6

c
U

I0l¿
5z

I
I:))

1o.o ;
5-l t

t2.6L929
r930 II

L5
9

.g

.7

.O

.2

2,1+
23.7
9.2

11.8
ó8.3

26.6
L0.0
5.1
o.8

12.1¿

9
I

13r
. ì,.

L99
110

ó8
9l¡

52o

100
fl¡8
r89
130
5g

be3
396
27J
Ir2l¡
273

309
183

?8.6
13,5

L¡.7
1.8

33.5

1.0
15.1¡
12.l¡
l¡?.0
L.o

l¡3.0
<t,
8.lt
2.2

2l¡.1

L.6
19.7
25.t
L7.s
7,2

l¡O

18
2T

,6
108

l¡r
3L

9,6
17.r
1.8

5e,o
?96.t

7,9
77 .8
&.2
l1(
6.?

255.9
58.e

1J2.I
72 .6
LE.L

6.9
r!.6
2.2
r.6
0.9

1

7
17
3
5

1
10
)
2

2
IO

6.7
1.7
I.l¡
1,6
0,6

2.O
0,7
1.7
c.9
0,2

1.r
13.2
l¡.t
2.3
>.o

2,8
7.O

9.2
5.8
1.L
2.7
0.7

3,2
L.5
1.r
0,5
0.1¡

9.0

].'5.
5.
1.
1.
0.

7
7

7
3
5

?1.1¿'6.1

9.2
1.1
0.1¡t93,

.7

.0

.L

.?

r.93r
t932
t93J
193l¡

,9
.E
.0
.3
,'
.¿
.8
.¿
.¡¡
.O

-i Å4,5:i

2.I
1.7

L2,7
l¡.Y
1.1

8:26.1
o t 53,t
0 : 5.1
2 t 55,L
0 : 6.7

t5.7
3ó.8

50.8
20.7

2.L
u.3
5.L
5,8
í,7

3.3
lJ,7
3.8
3.8
1.7

r.ó
9.8
1r5
0.6
O.l¡

.8

.3

.?

.5

L¡ '01.0
1.0
0.6
0.J

2.It
22.5
5.5
2,3
5.1

7

3
2
1
tJ

1.3
75.5

'tÒ

2.3
5.8

L936
t937
r938
t939
1910

I9¡¡1
]-9b2
191¡3
1tl¡lr
t9l$

\o
\o

7.5
3.2

IO?7,0
7.0

60
l¡

I
0
l¡
0
l¡

l+

6
L9l¿ó
191¿?

7 ?, 'j i. .'..' ' /?. q l j.'!; t J1S' l?, -1 r¿. /Av. /l.a ./.2 \ 4,2 3,5'

Oct. l92B - April 1929 based on correlatlon ribh Solomon River at Niles. Records ai-ler .'
April 19?9.
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;.2
r--.J

u.¿

U.?

1.0
0.3

o,7
0.1¿

i.2

r-.J-,ì
c..j

U

A

I

I

ó

t

.2

t.

:
.t_

I

.9
:

ü
L

i

.l

I
'f

().
a.
(;.

1.

0.r
i).3
U.L

tì l.

0.3
i' .3

ì

,5

,' .L
,'.)

-..J

0
ù.1
0.3
r¡ i,

) .')

u. !-
J.;
"i. j

3.'
,_i

0
L,.2
0.1

il. J

v.¿
c,9
c.L

,: ;'
L1 I

l

v.)

ù.l_
rj.¿¿

o.j
il 1

i. i¡
u.)
17

l

i.:
t.B

).o

0.3
'/ll

-.7': 1

ç.6

LÐó
!)31
1938
L9)9
TgLO

I
)

I
(r .
0.
0.

ÈJ

iiLI

ItL3
IgLL¡
i9Lr5

1915
ItLT

c,. ?

1.3

'i ,,

i.!
.^ i-'

ir :

: .j
'i

U

.)

t,

7.O la
Lr. j
¿.u r.7

1.0 : ?I
1,.5 : :'

.J i)f

¿'

j.0 ' ?.3 l0.s
J?.I3

AvS, a,5' êt s' ó. E d1 /.3 #f ¿,3' /, o /,Ò /,7 ¿,L a,¿ /s:8

t-t/ Deple".ed for lLr50 acres aboye P.es. IZCO À. in project a.nri 5C A.'belcw. Flov¡ at mouLh of
Beaver Greek = Sun of pichup between the CansiLe aiìd noulh rf S'eaver Creek, retu¡r¡ flow from
i20O acres. Spilts flctn reservcir, secpa;e frcn reservoir rxinus: deplelion for 5iJ acres .,.',,
future pr!?ate ir.rigaiior cievelcc¡ent beLcv; lhe reser¡oir. 

. ' ..'.:

\ir
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Table -56 Depl-eled inflcw, Hìlt County Reservoir !/

nlt - 1000 acre'fe

19¿¡' : Jan. Feb Àlar.; ¡-Pr IiaY Ju:re: JuIY: A

t929 z 2

1930 :

32.5t
39.7':

52 .5 2 85 .1: lL.7 : 3

83.2: tZI.B: 1l¡.6: 5

t¡ Oct. Nov.: Dec.:

0.8:
1.¡J3

Ió.1+:
l-7,72

56.?
¿8. I

.6: Je .E:

.1: J.2:
I t i..

.L.

.'l: '-9,5:A. r.V.

?2,\ z 7'i

3l+l+.5..;:+
500.3,"Ìíi. :

..,r..¡.!¡,r:,1.

265,6 , ,' .

.179
238
161
7zlt

5?6.5
5öJ.0
2 Ir_ ,9
)¿t.7
301..I

527.L
#|J.2

?.9 z

18.2:
6.8 ¡

9I¡ I ;

6.7 ¡

l¡8,9 :

c F^.

If .l .

9.1:

:

8.9:
36.7 t

21.

l'.ot
lr.9 :

¿ .c,
I¿J.)¡

ig3t
t932
L933
1?31¡
L93;

iÐ5
t9)7
1938
l93v'
rgt-o

5t.6,
t7.61
L$.2:

2 ì.

,

35.\z
15.b:
l¡ó.6:

JJ \

>) .u2

2.7 :

2,5 z

2.7 z

6.li:

Li.,i

1a c.
2.9 z

A A.
3I.B:

t. A.

:

11.5;
) A.

1'.. ? :

2,:.2

3

1,,ì <.
u.6:

I U.

27 .Ll
6,2 z

L'
1;9.32
Ì, .0:
32.1¿

I ¿.t i
r1 ?.
Éì t'\.

u.7:

:

.?t
1.,

o.
,7t
.lr :

3)
::

2.2¿ L3,52
2.62 j.1:
2.\t 5.2:
2,62 2.62
> .Jt tJ.)l

ia
2.9 t 3.)z

LQ,2t 2s.6:
20 .l.l : I-i . 5:

)
L
6
t
I

l¡
6
¿

2c.t Li.i:

8.0:

2r.I¡:
).)|

::
?t 15.I:
7z 18.3:
?z 32.6tjz 70.8:
li: )2.3 z

8r
2

lL¡
52L

2I1

L'
Ì!v

It¿Ò

2

7
rl
l

j .3:
1 7.

-> ,(¡,

(,r:
)..J:

?2 .2:

ç-

1
I0

;

?.

!,.
:

2L5
L36
21,
206
10,5

a
I

ì

Ll.5:
)2.8t(t, Á.

ro.t
2i,l

II
3

3
-j

,j

I
9

t.

1^ t,

¿

2

1j
l2

i

r07

ç
!J

-, ¡
¿v

¿l
¿

');
?lr
lì

¿þ

\7

191¡i : 9. J:
I9'li2 ¡ 2S.r¡z
rêl,l . 7,

It¿.!L
L9U)

)
1

¿

¿

2

|,.

0; i.)t),-tt

I'Ló
19ir7

¡ ?1.î z

: 33 .?:
5z 17.8 3

6z )92,L2

::

Lt¡.22 22t,.3
L.tz

l¡9.8' 3t.7t3.6
)> .l

12.7r
8.8:

Av .9 t 18.0 2 a. aO.lI C: ti,5: .): .>: 11.¡.ì¡: i.9 .3: 2I.?t ì. .¿

River loto HerIâ¡ CountY Roseríolr after ProPosed uPs

of Fralrie Dog Creek after develoPnee t of the AÌEeDå
of the Seaver CitY

Il C,omputeC florv of RePubllcar
oeni plus flor at tbe ¡ooutb

flor ï'f Beaver Creeic oear S

to"tn-Ãf-saPPa Creek near S

Unlt plus flor at ì'
i l¡"' obe rl j. ¿ 'Jal t . ,;11 ' -

F.j
;)
ll.ì

.J*.#"

KS002064

ta¡forrl after develoPuelt
ia¡iora less Seaver Creek after devel.oF¡oent o
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Tablii. Deplettons for 2róoo ac¡^es of private develcpænt, of trrigatlon betreea Harr.å
Ccrnty Dan ar¡l Sup€rior{out'tlard I}lveralqg

í.... .1

I'QOO .àcre-Fesù

Year Jan. Feb. lfar. Apr. ltay Ju¡e July Aug. Sept. Oct. Ìfov.

0
o

o
0
0
0
0

0
0
0
o
0

o
0
0
o
0

0
0

0
0

0
0
0
o
0

0
0
0
0
0

0
0
0
0
0

0
o

o
o

0
o
0
0
0

o
0
o
o
0

0
o
o
0
0

o
0

l.]
\Ji

L929
1930

193r
L932
1e33
193L
L935

193ó
L93î
1t3s
L939
191¡0

o
.Z
,l¡
.'l

0
.li

.2

0
o

0
0

0
0
0
0
0

.3

.5
0
o o

.g r..2.3

L

,!¡
.g
.lr
.3

7
2

9
6
I
6
6
5
3
I

.9 .8

h

0
0

o
0

0

3
1
3
3
3

?

3
I
3

0
o

0
0
0
0
0

0
0
0
o
o

o
0
0
o
0

0
0

0
0

o
0
0
0
0

0
o
0
0
0

0
0
0
0
0

0
0

1
l¡
6

.!¡

l¡
l¡
3
3

rJ

9
5
0
Ir

I
I
s
3
0

a

a

l-.
1.

.l¡

.5

.7

.5

3
5
3
7
5

0
0

I
6
2

7,5
.L

2.3
2.9
3.8
\.7
2.3

3.8
3.1
2.9
3'3
3.3

I'

I.
0

.1

.2

.l

.1

o

.h

3.1¡

.8
a,

.5

.2

.3

I.2
.l¡
.5

1.1
1.0

191¡1
f9l¡2
r9l¡3
191¡]¡
191¿5

0
o

0
0

.5

2.l.t
.1

0
0
0
0
0

.l¡
É.

.9

.!¡

.3

.6

.l¡

1.0
1.3
3.0
1.1¡
1.7

2.L
2.1

l¡9.t
2.6

19,-¡6
191¡7

Total
AY€ O

.!¡ .I .2 .8o
.60o

.9
,'l

0
0 .7

3.3
.t

5 l¡
I

rb.o
.3

r3

çí

o

-¡
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','..',:,- l.;.'r'ìr

!. -.,

: ,!*i ';l.if
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Table-:S. 'Depleüed ir¡flor b¡ ti¡e Republlcan River hetreen Har1an Ccunùy De¡! 8r¡d
Ccu¡tland Diversion

I re-Feeü

lear Jan. Feb. llar. Apr. Xay June ù¡fy Aug. Sept, Oct. Nor¡. Dec.

2l¡. r
3,)
8.1¡
2.2

+.6

5.1¡
+.3

'?jr'
-L.5

1.ó.¿
,7

L929 2
19lo -L¡ 6.1¡

-2
0
0
2
2

5
1

1.0

I

-1.
3r.
I
1
5

-3,
10.
h.
3.
2

ö.1¡
6.3
3.6
l¿.5
5.7

0.8
3.7
1.t
0.1¡

-2,2

-22

-9.6
t.1

L3.5
-O.7
6.9

).9
10. t
3.7

4.6
3r. g

a

-5.3
6.5

-6.6
26.0

\.7
-l¡.9

-r8.5 1.o
-5.1¿ -1.3

I

-18. B

9.0
6.1
5.e

29,6

r.60.0
3.2

O.2 O.7 -1.2
0.? -6.b -1.5

o.2
-r;?

7.9
-r.8

'38,5
79.8
39.0
7,8

107.0

1931
t932
L?33
1931¡
]J35

-o

1.
l¿.
o.
l.

-l¡.

I
7

}}
-o
l¡

3
5
5
L
5

3
9
3
I
I

7
9
5
,
9

I
)
6
7
o

7
7
I
¡¡

3

r.7
I¿. f
2.1¡
7.3
5.3

3.1
-0.3
1.5

-2.O
7.0

-o.
-1.

-9.1
9.3
0.9

2\.5
2.5

2

7

',0
I
6
9

8.
2.
5,

l¡.
b.

8.5
7.1¡

6
I

2.7
' 2.9

9
9
I
3
3

5
7
I
I
T

I
0
3
3
3

3,1
L7.t
0.9

y'o.b

5b,3

15.0
3.5

13. r
23.7
5.8

T.
2.
3.

5
1
7
2
6

r.5
t5.3
4.6
6.2

-2.9

L.2
2.2

10.7
-3.6
2l¡.1¡

1.1
:o.3
3.5
0¡I
l¡.o

1.3
o.1
0.7
1.9
r.3

l¡. ó
3.)
o.5
1.9
A,2

L936
l.93?
1933
1939
Itl¡0

0
0
0

-l_

3,2
3.5
5.6
2.7
3.6

2.1!
6,5

15.l¡
31.1¡
l¡6.o

3
l¡

-o
0
5 o

4,5
-0.5
-2.5
2.2

6.6
3.3
o.ó
2.6
?.8

1.
1.
6.
0

-0.
27.
O.
g.

-1

3
l¡
I
I

7
0
I
3
7

0.6
1.0
0.7
0

-r. ó

-0. ó
-2.0

1.1¡
0
2.9

o.2

3.!¡
-Ð.8
0.3

-1.0
L.8

19hl
tglû
19Ll
19¡¿l¡
19¿¿5

r9l¡ó
191¡7

Tot¡L 28.1-
lve. 1.5

6.]
-1.8

2.8
10.9

l,r9.7
l¡O.Z
28. r
L2,3

-11.ó

13

2l¡6,8
13.0

3.
19.
20.
-5,
10,

I$,2
tE.2

50,2
L35.7
80.2
81,1
76.?

-10.ó 16.3 8.8 76.5
lt,7

63,O
3.3

98.7
5.2

.7 31.r.6 r.ó
21.1
1.1

I30
¡¡9

10

27.O
0.lr

83.1¡
¡¡.lr

79.6
lt,Z

,69.)
3.6

138.8
7,3

6
0

9r

(,.

e
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. i-:,.

leblc-n9 u{ne5¿t eoDrtltuedrr ltr ps.tts ¡,s¡ n{]1Lon¡ of -fu¡ub}tcea Bf¡¡r æsr ù1.a¡¡, l¡E¡.a!¡å

gcotflo
0o¡due-

,',_ .,.i-
, : '"."-,:

Saryle
Itrnber

DlF
oh¿ræ
cfs

.ta'Ë
(rrroó¡

Calcfi¡s
qgær

t¡¡rû
(¡¡sl

Sr¡1-
fate Objlorldle

(6r)
Paroeub
Sodtr¡¡r

Dato
Collect€d

Potar Btoarb-
8od1u¡¡ €C¡n orat¿(h) (r) . (Hcg)

ltltrats Boron(¡¡o¡) (¡)(so4)

59t3
æn
73fi
7882
g/,12

6-L6-/*8'ç*/ß
g+/,ß
9-L-18
l$.j-¿8

2rEo
13rroo

?3t
TTI

l_t
9,6
8.0
9.5v

n
2,
21
2J
æ

l+/,
10
L8
26
18

3L
18
20
L9
32

(cs)

1,3
/2
4Ð
/'8
l,þ

n6
336
3?3
38L
4/rO

202
2æ
LW
198
257

/r.0
1.1
lr.5
6.0
8.0

0.8
1.2
3,8
2.2
0.6

0.15
.08
.vl
.15

O.LL

¿

N¡
t\tl

'q.,."..,,. nri^,,, ., !r*È:-- ilrþl*F,

F

,,..,!.rì.r¿. jr+a :a:..
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I

rable-Ú. Itl¡er¿l.oongùlü¡e¡¡èr, !l part's per n{lllon, of Re¡nrbtlca Bryg5..L_"!_Eggnf¡gÈq!, *¡53*1ra_. ...

Sectllo
0oduo-

Sarçle Date
lfr¡¡ber Collecrted

Dlr
obargc
sfg

tancç
(r:cræ¡

Çq|¡lnm
(ce)

Potec-
sù¡n
(E)

BÍoa¡fp
ou,to
(8003)

lfø'gææ
lu¡¡ Sodl¡¡(rs) (Þ)

Stl-
î¿*a gh1or1de

9.2
9.8
9.5

12
tr.0
6.0
7,0
9'0
8.0
4.5
9.0
1.0
7rO

llltratr Eoron(uo¡) (n)
Pcrce¡rt
Soètu¡(so¿) (cI)

I
I

27
10
r.6
34
æ
at
24
tJ
n
28
22
1)

or*
.t5
.39
.08

0.12
.2.v
.05

0.06
.06
.Oz

lt.4p
63
tr
¡o
50u
Y-
%
tß
?Á

52
1ó
1"6

255
út
26L
301
n0
191
256
8L
272
ITI
2l+I
1?0
?J-5

10
37
t3
23
38
26
25
33x
18
3l+
t7
/+O

?J
L7
26
26
10
9.3

12
I6
L5
8.0

12

3%t
6øz

i-.¡

G.

3160
33Tl
3359

y?J-17
54-t{l
,-3t-1,7
9-f-¿,7
Ç22-t8
7-22-tß
þ*.t18
9-æ-L8
rjr-I-48
3-r-t+g
Y3l-Ii?
5.]-rt9
73t-t*9

838
636

2ron
f72

616to
9]-5
17r
6L

48.2 65
/+9.7 5g/$.8 fr
56.1 6/+

tß6 lfl
358 t2
l-gt- 62
525 62
5O2 tJ+

351, Ut96 58
3L9 nl+gt 5L

0
0
0

I

a

a

1352
.7888
elJ.3
9lJ4

LL539
11540
wln
!r-Ttg

6.6
t2

L.4
5.L
.8

2.2
tr.O
3.2
3,8
2.0
4.1
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Tab1c{/. ¡Ii¡erel- oonsùlü¡sütsr h parta per ntlllon, of Repabllaen Elver æar Ea$¡r, lþbraslg

1

Dat
ColLpstcd

Itagne
Calcù¡¡¡ fi¡s(c") (ue)

Blca¡Þ
or¡.te Chlorlde

(cr)

Dþ
cbarp
ofs

$eottlo
0o¡ù,c- F

$qã{rm
(la)

Potar
sft¡¡s
(r)

Sr1-
fate

(rrco3) (so4)

. ..,ji

ilit¡ate Bca:o¿ Percent(no3) (¡) soðiu¡r

Saq¡lc
ñ¡¡Oe¡

ta'¡ce
(r-roo)

lÞL2-/+5 325 /,3¿ l! L3 16 11 2J7 % 5.9 /+.L O.2 15

f\i

¡

' ..1"t '

,'..',
".'":"
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t

Tahlcä4 n¡*af 'ù¡¡tiltú¡rt-a, ln parta per Í411t iì, oq |ht!È:Cürsk ç¡t¡r .æi €tq{4r f¡brb,

i . ).,:.' ,.. i,' l ¡:5 li,r
r.r.Éted..;i.+ /\ ¡iÊj¿'

...::$ -'i.Ì-¡1. " 
r¡tjþ;,¡

,;-iiì':1ì;';i''; :'ì i"

Sa¡ry1e
ft¡nber

Datô
OoLLeqt¡d

DlF
oharç
dt

,,*cofff¡
Sduo-
t¡¡ce
(r4oÞ)

Galol¡¡¡
(c")

ttrgner
itu
(us)

_ -fi .iiÍ
Potae. Bfo¡¡ù- g¡1- .: ..

Sodl¡¡ 4¡p oæt - f.ete. Chlorlde tittrEËe Bc¡oa perco¡¡t(x") (r) (aca) (æ¿) (0') (*9t Ti- b.df,_

60T 57ffi
?3gL
7æ3

r:o5t
1t5'10. ',Å-3fr

; tÞ3fl
LtnT
LI?96
t[-/+13
lA-/+L5

u
32
9,

Ut
57
2,
6,

10
20
33

40
æ
æ
39
ot
47
69
52
*
30
lrß
50

n5
?aâ
lr52
2&
58o
n4
629
354
267
2n
337
411

50
%
1.,

ç2?48
*lrß
çLçt+ß 76

9A+

9-1-4É
1O-]-48
3-L2-19
I,-LT19
be+g
?7-49
y?J-tÐ
,-bt8
b7t*g

5.0
3.0

10
7.3

t7
5.0

13
5.0
7,2ô.J
6.L
6.7

11

t6

35
L3
5t,
?3
50
1.0

3

L5
*nu
10
27
t6u
10
18
23
32

0.10
.09
.1L
r@

0.10
æ8

.Oltf

u
9.6

4.0

L54
130
25ê
L*
328
189
330
236
L''
,Tæ
l-86
2.2.1,

LI

16

t,
u
L?
27

1.6
.0

5J"
2rQ
8.2
6.0

L'
1.L
3.5
3.O
8.0
8.0

3.8
À

5.?
2.6
2.1
1.6
515
4
.9

L.7
.6

â

'ia

ï
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Tablr{& .l[1¡or¿l oo¡gtltr¡ÐÉb .i¡ ¡¡E¡rù's per dl:.1t.:tr of hal¡le Dog Crerk Bæ fio¡toar.x"'all

¿t
¡

SeryIe
ÌIusber

DIg'
cbaræ
d¡

Calc1tn

Ðeoüt.o
CoCFÈ Poter

Sodf¡¡o d¡E(rb) (K)

8..+

Bloüb-
onto
(nc%)

Llrg¡es- Sr1-
fat¡Datê

0o1lested
tanoa

(r-roó)

9.2

it
1s

1@
(üs)

I

(ce)

76
64
80
91
3L
32
65
32
n
69
U-
6
52
lr0
%
24
lrÉ

4s
45
/tI

{sû¿)
Chlorld¡ fttratÐ Ebroa Peroeub(ã) (s%) (¡) soùtun

t3
u
t6
10
16
23
1l
I

æ
?Jn
l-0

9
10
u.8
I
7
7

u

0.1?
.@
.38
.11

0,{17
.tl
.00
.09
.05

0.09
.06

:
¡

8.0
L.5
3e)
lr.7
0¡8

o)
,,3
Lrz
5.8
1.2
l+.8

¡5
1.4
L.7
219
2.4

.6

.1

.6
t4

9.8
11
10
?.0
1.0
3.0
9,0

.5
J,O
8.0
8.0

.5
,)
.5

3.0
.l

1.0
2.O

,5
r.0

344
28L
33t
)u
L36
t¿0
256
150
r86
92o
?X¿
26
zVT
160
164.
1o/,
r88
189
L76
t61

u
?1
16
8.?
u
11

6,.5
?3
30
27
IO
7,L
6 

"4iL7
3.5
617
5.8
4.6

20
2
r.5
10.

IrlZ
250
73

254
16

7-U-49
7-*-19

t\)
\O

5lrß
Slrq

3328
t3æ
5æt,
6¿zo
w72
7879
9410
9lrú

rt 535
!s356

I-Ét
t -358
N-359
u-355
út3

56.3
52.O
57.7
5Ð.8

?2J+
?25
lr2J
u9
3n
,L2
496
n0
3n
2âtr
257tn
308
2g
to
?8t,

Ió
16
18
16

5,O
5.0

t0
7,0
6.7

r6
t3
l_0
9.5
6.3
5.1,
6.r
9.3
8,1
7.tt
5.0

3l+

33
35
4
f.0
9,1¿
3.2

Itb
t2
26
21
8.4
8.8
5,6
5.2
3.8
6.2
9.2
6.6
4.8

?n-L?
1'æ-t+7
727'lr7
v?3-t;7
ï3ùlrg
çtÞtg 1
þ5-tå
VLþ4ß
9-9.18
tÞ7-tß
Ttg-49
se4q
?L8-.49
,-?J-¿'9
þ1-t+9
æ-4e
6-L*t9
7-9-t*9

a

KS002071



'¡,EXItI,I¡¡T //DIAGRAM. IO8 USË IN INTERPRETING IHE ANALYSIS
oF WATEIi'ISAMPLES FROM',

REPUBL!oAN 
-RIVER AT ORLEANS!NE8R.

Exhlblt, 10

loo

90

00

TO

Ê60z¡¡
&
l¡lSso

,,'
¡; 4;'

.ii.:'

-f
$æ
tll

ir

to

20

rO

o
o too rooo tõoo 2000 260(} 5000 550()

f o TAL COftCEftTRAftoft A3 Et ¿cfnt oal- ccìilDtÆnvrw

usDA ctRcuLAR NO.784, MAY t948
"ExpLANAT¡oN AND INTERpRETATIoN oF ANALysts oF

. IRRIGATION WATERS " L.V WILCOX

PERMISSISLE

fo
OOUATFUL

I
ïo

oooD PINTxgsIELE

oooD
TO

DOIJSf[UL
TO

UNSUITAALE

oougfFuL
TO

TNSUTABLE

UNSUIÍAELE

¡¡
J
@

É
Þ
v,
3

(

ßa

KS002072



..li

..... í

ExHrBrTl/ DTAGRAM FoR usE rN TNTERpREnNG rxe nnalvsts i
oF l?A'rB8*fû¡rr8¡åEsñffißt¡ j

REPUBLICAN RIVER AT BLOOMINETON NEBR.

'qlxhibf t 1 1

roo

"ti"

80

70

160e
UJ

&
tr¡9oo

E
J

Scov),

to

20

ro

o 500 tooo tãoo 200() 2500 3000 3500
fo raL coNc€NfRA ftotì¡ a5 ELECIR| CAL COilDUCftVt f y

usoA ctRcuLAR NO.784! MAY te+8
"ExpLANATIoN AND INTERpRETATIoN oF ANALygts oF

IRRIGATIoN I{ATERS " L.V WILCOX

o

PER'V ISSIB L E

fo
OOUETFUL

TO

GOOD PERM |sSIBL E

lt t10
Jt tt

?89fE
tt6t

i4t1

C1â2

f 4rt
I St?
- Jr7

GOOO
TO

Jt !t9
3t(o

DOUSTFUL
10

Llr\lSUlïÂ8Lf

OOLATFUL
TO

UNSUITASLE

l¡¡
I
@

É:
Ø
3

UNSUITÂ8LE

131

KS002073



* br" Ï2

I.CIT!Z DIAORAiI FOR.UgE Iil INTERPRETINO lHE A¡IALYSIs.¿ .; oF:l¡tA¡çgmâtmEtB FRQlff-Þ-
REPUTLICAN'RIVER NEAR X¡TiÓY.NEBR.

loo

to

üo

.;

to

Ê60:úI¡¡9¡o

Ì
$ro
Ul

!o

20

o
o 500 rooo t500 2æo 2õoo 3000 3600

TO TAL OOIICEilTNAÍIOII A9 ET¡CTRI CAL COIIDUCTIVITY

.D

u30A clRcuLAR NO.784, MAY t946
..EXPLANATION 

AND INTERPRE-IATION OF AÍIIALYSIS OF
IRRIGATION WATERS.. L.V WILCOX

ïo
oooo

oooD
TO

P€fif{üS'IâLE

DOU!fruL
TO

LNSt'TÂÐLE

t

oouslruL
10

UI{SUITABLE

lú
Jo
É
l
att

3

UNIIUITABLE

7t2

KS002074

/



i
:i'-:-'

,i,i i

¡
t:
t:

/J DIAGRAÍII FOR USE IN INTERPRETING THE A¡IALYSIS.'{ OF'WelfEf*3ñmf,E3r'pf,Sf{''1', SAPPA CREEK NEAR STAMFORD NEBR.
tl

I

!1.

too

90

60

70

Ê60¿[¡
H
¡¡9oo

2
f
õó
aî

¿lo

to

ro

20

o

us0A ctßcuLAR No.784r MAY t948
"ExpLANATtor{ AND INTERpRETATtoN oF ANALysts oF

tRRtgATto¡t tvATERs,' L.v wtLcox

o 500 tooo t500 2000 2600 3000 )500
f OTAL CONCENTRAÍION 49 ¿LECIRI CAL COI{DUCT]V IlY

4

ì
PERHISSISLE

TO
DOUSTFUL

gooD PER¡T ]SSIELE

0000
TO

DOUBTTUL
fo

I¡{SUITABLE

oot BfFuL
TO

UNSUIÍABLE

¡¿,J
a¡

É
5
af,

3

UÎ.¡SUITAALE

1".

KS002075



r:l::ù.

lBe fi{AlYsrt

þ*¡iþtf, r 4

ôi.

-' I:

'r:f¡,'
..'1.
-!l'r:r'
.È

,rÊ*.*tÐff l+ U

..'''¡.: too
ri ¡'

T
Ë
øl

I'¡ KANSAS
.,'!.'.' r ;

É0

tô

Ê'€o¡!
r¡¡

n
Ë*

{

¡to

to

o too to00 rá00 2tAO !OO0 3600
r0 TAL OolrcEnfñAlroÌt À8 3rlcil¡ B¡- CCOUOnVTfy

usDA ctRct -AR r{o. 7c¡}r MAY n4t
"ExpLANAT¡oN Ano tNTf,RpRetATloil 0F Ar{ALTs}g of

lßRlgÂTloll WATEË¡ " L.Y wlLC,OX

lltt+.' - 'r,."1

i

o

PGñü:tIILf

sooD
10

o9ulllt¡t.fô
urSulallÉ

1.

DOÐfruL
Tì0

r,rîtSrrlalBLEoooo

KS002076



þ.ixhlbtt

.i
(;

l.þ,
- -:,

I

:.
I.

- l,:_

r:ì !t:Ì'1
'f

i

P*hlb-l| '1,Í' .," .Gcologlc proftle shortng the Ropubll-can River Valley
:ii,i.,i'; i t:..,j',:.,,1 . tegt of Bostwlok, Nebrasla
:'._ !. .., ,_ ':.i..

.,i. I

A
5

T

\
N

ñ
Ttt
ùr

!

I
I

lr,,ic
i!
iI
I

t8()0
l-
üa

SAND A GRAVEL

1700 \
tìtt q

I

r600

NORTH 912r

--

MILES SOUTH

SCALE

Geologlo Profil.o scctlon å,-8. LooatLon alon6 a north-Bouth llne throc- .'
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Ceologlc profile, shoring Republlc -ftlver Valley aù
Red Cloud, Nebraeke
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Geologlc Proftfe Sectlon C-D. Ilrls oectlon is located one-half nl}e
e¡sf of Red Cloud and extonds ln a norùh-slde'di¡:ectlon f¡¡o¡o a polnt
12 nlfes north of the Nebraska-Ka¡rsås ffne (g) to tl¡e ìIebreska-KensaÊ.
ltne (D). Note the deep, sanrl- and gravel-flÌIed cha¡¡nel ln t}¡e
vlclnlty of test hole lrO, t'Ì¡e bu¡j.ed ridge near t¿st hole lr2, tHe
bwied channel and relatlvely good t¡filtratlon areå i-r¡ the soutbem
part of the Republlcan Yalley reglon and the hlgh chalþ shafe bed-
rock south of the Va1ley. The dashed lJ-ne, representing ùhe.water
table (top of the zone of aaturated ¡vater-bearíng naterlal), alopee
soutl¡ne¡rd torard thã Republtcan Valley ln tt¡e reglon north of tàe
Valley. the chalþ ehale 1s rslatively trnperwloug end Is a part of
ùhe Nlobrara fo.¡uatlon of Cretaeooue age. (Nebraska later Resourcea
Su¡!ì/sy, Wat¿r SuppLy Paper I, Part 1)
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Geo3oglc Proflle Sectlon E-F. Thle sectlon la locatod 1 ¡olle æot
of the contsr of the tonn of Franklln and extenda fur a nort]r-¡outh
dd.rectlon fron a pofnt 12 nihaþorth of the Nebraska-Kar¡aar ct¡t
ll¡s (E) to ùhs -lfebraaka-Ka¡rsaa cùate rine (F). Notc the increa¡o
tn thi,ckness of the sand and lrever nortt¡nard betrren toat holeo
2ó a¡rd 2¡¡, tho bedrock ridge ln the vlcinity of test hole 2l¡, thc
relatlve\y good lnf[tratlon area lupdfatery aouth of ttre Republt can
RJ.ver ln the wlctni.ty of test holes 29 and 30, the Ìrfgh chåÌry phale
berlrock (Nlobrera fornatlon) aouth of the vaÌley, and ùhe retetivel¡r
thlck lose¡ cap both north a¡¡d south of ühe Republlcan varley. Thc
da¡hed llne representlng the rater tabLe lnclicates tÌ¡st tù¡e m.tcr
tab).e slopoa aouth¡e¡d ùorard tbe Republlcan Valtey. ltr chalþ
sh¡le ls relåtlvely lnpe¡wlou¡ a¡¡d 1c e parù of the Nl.obr¿ra forr¡¿-
tlon of Cretaccoua age. Varlable thlcknessee of lfuny sandotono
(ogaLtale fo¡mation of Tertlary ege) occur above tt¡e Nlobrare fo¡:Es-
tlon a¡rd belor ühe loess and assoclated ¡uùertars ln nuch of tho
uprand aoutå of the Ropubrtoan Rlver. (Nebraska 'iÍater Resou¡cos
Surrey lÍater Supply Paper l, Part I)
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TaÈj^e 46 . Effective heat, anc annual ccnsumptive use for Fra¡¡k1in Red Cloud Unit . -a/
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Tab\e Ç/ . Effective heat anC a¡nual consuroptive use for Republic Kan. a/ J '::¡.rl::,,'/i,il&Þ4l8Ytrq'*'

.J. .n.j+ -'t:i 'i-a{; .

Tear : Season ¡Uêr.

]-929 : Xar. 21
1930 z lLar, 2)

Unit -
: June : July r Aug.

r-,55r ; 1,885
lr52i : zrotS

t2L : ?,16! :

6íó : I,991 :

6OE : 1,953 :

f ,371¡ : 1rO63 r 61
I,5332 999:l¿6t

10,28J : . '2i\6

s

t. : 0ct. ; Hov, : Season : Tota1 FI

320 3
L

96
lo

93?

art 2

yô0
03,
01Lr

93J

062
rIn
r.07
65e
939

116
268

25e
Itl;.,z

Ì,
I,
Ì,
t,
1,

311
693
D8Z

1, 162
L,355
Ì, I97

Ncv
Nov

ì'lov

1,
I

9L6
e65
888
2t7
-1.-U+)

2

?
2
2

1.,
I,
1,
I

I,

891
8tl
626
?lr

Nov. 10
Ncv. 1I

088
LE'

r,
I,

L,377
1, ?0¿r

7L¡€'

127

7L2

900
8ll

I
1

L
L

1

i
2

2

1
1

1

1
I
1
I
L

I
2

950
863

727
7lJ5
677
ñ)1,

838

t_1

ùL
9-<

II
1)

5l!

11r28L:
:1 ir? .LLtJ¿l a

3
tL

1L
2A

7
lo

7
l0
9
13
10

iiov.

ìfov.
Ìicv.

Nov.

l?3t i
te32 :

\9)-\ :
ì Ð1).

t.'))C/ i
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Var. 30
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L5
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I

L

1
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623
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1
I
I
I
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I
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I
I
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I
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5
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(lÊ
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Lz8
l¡Lo
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L¡].)Y
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Nov.
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ìiov. 1,1
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Nov. l
Nov. 17
Nov. 11
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11,1-59
10, !25
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L0,6?7

LL,g6g
tlr 870
rr, l.gl¡

t0r g15
\o,636
10,32r
Ì0,23-1
10, g3o

11,505
It_r097

?

2,59
2.1r7
2.57
2,76
¿ .1¿

2.62
ë.4¿
) 't1

?.70
?.&

2,at
?.98

LLr

L¿)
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itc
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)L5
¿tL
)o¿
2ög

7
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r f ì7
'l cìR
''! q?c
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\iar.27
ìí¡r C(
Mar. 7
Mar. 18
Ilar. 21

llar. 2J
l{ar.20
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llar. 9
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ó6ô

z r'JL3
1r97"q

I

LZ
27

189
253

Lr9

0
835

020
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I

7
I
t.l

t,Lg7
r, tcJ
r,2L)
1 <4,
I r39, Ilov

õ
L9L¡1
1 plz
I9L]
Ì91¿l¿
191¡5

I 915
r ot, z
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l¡6
lr5
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È
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¿t
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a./
b/
c./

L
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I

1,
l_,

28
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L,551"
L,r27
L,563
L,575
r,33t

1,7b6
1,1¡88

,869
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,7 )2
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819

::
: ir085:2ô9

1, itlr
1, Lll¿
I,2L2
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!'eb
Uar

I,25L t 1,221
882 : lr2h0

//,o12 2,lz
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Table_g¿Effectlve heat snd a¡¡¡ua1 consrrnptívc ure for u¡¡e tica¡¡dle llr¡it. f/

4

Ilnlt -

ÏqeI¡Seqsoq lM¡r. :Apr. : lday :Jr¡ne ¡July:Aug. :Sept. ¡Oct. ¡Nov. ¡Sea¡o¡¡Tota1

2.50
2.51t

2.tJ9
2.\7
2,63

¿.tJ

Lor566
1or806

10,l¿?6
ror388
lt' J8ó
l¿, l:; ?
10,óJó

11, hL2

I
20

I
7
23
1)
13

Nov. 9

L35
ó11

'lo
L96
578
Ê, ¡{ô

189

5t

l¡ó
52

ó1
5r

Nov
Nov

Nov
Nov
Nov
ii:,¡
!lov

10,86L
ta'597.
10,l¿9?
1o¡ 305
LO,e55

llov. 25
Nov. 15
l{ov. 9
Nov. 21
Nov. l.?

520
389
t9?
5og
357

r,

].,r203
L'032
1,153
lr37-i

9't3

1,
L,
:,
L,
1,

1,
L,
1,
1,
I,

t,
L

038
e5s

ol.l'
09i+
!?e
27l.¿

380

01i
riz
rc7
ltl¡
LL?

088
L\2

326
L$7

1,
I,

I,l¿82
lrStz

1, 7iró
r,593
I rìô;
¿ r uc i
I'L??

r,7 37
1,591
r,5j:,
1,5? )
1, ói7

r¡íl2
1, Lr:,
I,557
1r 62è
1,308

1, ô98
L,392
1,578
I ?(.J
-t J/¿

lr Lrló

rríog
1,t))
LrSgJ
L,677
1,l.¡óli

7e5
823

69c
739
696
tr-qi;
öJ>

o8ó

f,
L,

I,
I,
1,
Lt
ì¿t

1,8ol¿
1, ó83
1,968
LrTl+2
Lr?10

lr6?l¡
1r ?87

?52
922

838
8l¡8
351¡

-r.ó1
00ó

L?

, )'C
nrL

e56

8l¿l¡

755

1,
1,

1,
1,
f,
?,

1l¡?
2bó

I90
398
?7L
5ö6
cl8

110
lrCl-
19,1

5ro
3?7

li¿z
256
l.53
373
L69

t59
fj¡f

],
I,
1,
t,
1,
1,
],

T,
I,
I,
1,

0lù
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ot3
95lr
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936
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o(,7//l
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8l¡3

tóL
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I,
I,

I

I
I

I,

?72
I30

20

V¡¡ )7
l{ar. 1l¡
Mar. 21
Var. I
llz¡ I <
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Itra¡. L
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Ma¡. 27 å

Uar. 28 :
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Ma¡
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r,I25

)7
L37
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L57
8¡o

1931
I C1?
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1?3Lj
' tJ>

I?9
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27e
t33

78

Nov.
lìo v.
l.lov.
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2.63
¿.>>
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)4.
2.52
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Ii: iI,ói8
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r Ol i
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¿
i
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I
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1
]
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3;5

È
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l¿Ló
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L¡Or
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lr55
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1,
f,
t,
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r,
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370
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¿¿j
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l.¡
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2n : Nov. 13:
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Itl¡6
t9lr7 25

25Feb
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Tab,ld ll Dist¡{.butlon of coiisuqltlve use for Frenhll¡r Bed Cloud ünlü

t - feeù

2:97
2¿î
2.&
2,76
2,rL

2,59
2,52
2.63
2.rg
2.58

2.1t7
2.\3
2.1¡6
2.¡¡3
2.t¡3

2.63
2.52

,ø5
.o5

.oi

.C5
,Oi
.có
,C5

.ct

.o5

.05

.C5

.o5

.OS
,05
,O5
.o5
.o5

.05

.09

00,07
.08

a.zg
.x

o.15

'LS

.15

.L,
,lß
.17
.15

.Lt

.15

.ló

.LS

.15

.15

.L5

.L5

.Lg

.15

16
.15

.lù

.l$

,l¡ó
.b5
.l¡7
,þ
.!5

.L6

. ¡¡5
,l¡7
.ló
'¡16

.lù

.lù

.lù

. Ll¡

.l¡l¡

.[7

.l¡5

0.!¡7
.¡¡8

. lr9

.L8
,!û
,52
.l¡8

,lt9
.l¡8
.g
.l¿9
.l¡9

,lú
.!6
.L?
.bó
.l¡6

.9

.l¡8

t
to
t
t
t
I
,

¡

t
t
I

t
t
I

I
t
t
t

0.31¡

03
03
03
03
03

a.o2
02
02
02
02

o3
03

0o.02
.o2

.03
.02
.03
'03.02

L929
1930

r931
L932
L9t3
r93¡¡
L93

,25
.25

,26
e5
.26
.27
.25

.26
,25
,26
,26
.26

.25
,211
.25
.21¡
.21¿

26
.25

t
I

t
t
¡
t

I

t
I
I
I

t

I
I

¡
I
I

o,20
.20

.20

.20

.21

.22

.20

2L
æ
2t
2t
2l

n
20
æ
20
æ

2L
æ

00.12
.13

.13

.13

.13

.l¡
,13

.13

.13

.13

.13

.13

.L2
,L2,
.L2
.12
.12

,13
.13

o5
o5

05
o5
05
oó
o5

05
o5
o5
05
o5

o5
05
c5
o5
05

o5
o5

.35

ú
),
ú
38
35

#
35
37
36
*
35
3¡¿

3¡¡
3¡¡
3l¡

.37

.15

a

.08

.08

.08

.08

'08

.08

.c8

.08

.08

.08

.C?

.07

.0?

.07

.o?

.c8

.c8

.ïL

.30

.31

.33

.30

.31

.30

.32

.31

.31

.30
,29
.30
.29
.æ

.32

.30

a

a

a

I

at
)

L9É
L937
I93E
rt39

Ç191¡0

r9ür
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191¡7
,

cÊ
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a
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a

Dlstributd.on åf cons'.unptive use for the SuperJ.or-Courtland and Courtländ Uniü

' (Unit - feet per acre)

Table 50.

1936
L937
1918
191?
f9L0

19br
1912
1913
l9LLt
L?\5

191¡6
191?

Tear J¡¡. Feb. lfar. Apr. lúay Ju¡¡e July Aug. Sept. 0dt. !fov. Dec. Tot¿I

2/7
?

.l¿

.t
2
2

2
¿

2

o.o5
.05
.ú
.o5
.ot
.05
,05

.v)

.ú
,o,
,o,
.05

.O,

.ú

.o5
,0,
.05

.ot

.6

0.07
.o8' .08

11â

^R
.08

.09

.og

.08

.o8

.08

.08

.Ð7

.07
,07
.08

.08
,08

0,15
.15
.rg
.t5
.1ó
.L7
,.Li

.16

.L)

.16

.r.ó

.L5

.15

.Ì5
,L5
.L5
.Lt

.16
,L,

o.3o
.10
.31-

1ô

.3r

.13

.10

?ì

.lr
7)

.3?

.3I

.l¡l¡

.l¡6

.l'r,6

.Lt

. l¡?

.50

.15

.L?
,l¡ó
.18
. l¡B

.l¿6

. l¿5

.L5

.t[

.LL

.15

.Li
bó

00.b?
.l¡8
.18
.lJ?
.19
.52

o.35
.3,
,36
.35
.35
.Jö
.35

.Jo

.)t

.37

.JO

.))

.Jt

.35

.31¿

.3,

.J7
,36

25
25
25
¿5
25
27
?i

26
?6
27
27
¿ã

?5
25
25
25
2t

26
¿>

o20
20
20
äo
?t
¿¿

20

2L
20
21
2L
20

20
20
20
20
2A

21
20

072
13
13
L2
r.3
IL
13

13
13
13
13
13

13
T2
12
T2
L2

t3
t3

0,OS
.05
.05
.ù>
.05
.36
.05

.u>

.05

.05
,05
.0.5

.05
,05
.6
.05
.oS

,o5
.05

o,02
.03
.03
.02
.03
.c3

^¿t

.01
^2

.03
,A3
.03

.03

.02
,02
.v2
.Ù2

.03

.03

o1929
1930
r9lr
L932
1933
I93l¡
L935

\,t)

.5'

. [¡8

2 .76
¿,>L

A1

.56

60

.67

.g)

.57

.52

.l¡8

.Ir7
,T$
.5o

2,63
2,51t

.10

.30

.30
,29
.J0

.32

.10

?

¿

¿

2
2

?
2
2
2
2

.5c

.18

.5r

.5r
,Itg

.Lr8

. t¡7

.l¡7

. ¡r7

. l¡8

.ro

.bB

t

lv. ,Of ,t3 '20 ,2 â ,36 , +g ,44 ,l/ '/.f ,Òl 'ûf 2,.Ué

Z/ llean of consrruptlve usc deterrulned for Red Cloud, Ncbreske, and Reprblic City en{ Concordia in Kang¡s.
rl
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\

iaure g/ . Dl.strlbuiion of 'ôcnsuniptive 
usþ for the scandfa unft r/

(Urllt - feer per acre)
Sept.: Oct. ¡ Nov. : Ðec. : Tot¡I

0.30 r 0
.30 :

0

.30 :

: June :ïeer ¡ Jen. : Feb. s.¡{er. :

.30

.31-
-:2

.jo
\935
'_;37

ì 13B
L93ì
r.9!0

.37

.to

.38
,-1 f

. !J'j

.).

.!8

,L7
.*l
,.(

.;..ó

¿.o¿
? í,i

't Ae

¿ .ro

193r
L9J2
L9JJ
I9J L
L)35

l"?11
Lt I!¿
1913
19¡¡L
1eL5

Ì)16 :

r.9¡.¡? :

o.20 :
.20 :

.22 z

:
trì .

,20 :

.20 z

.20 ;

.20 :

.2L z

.20 |

¿.>>
¿.)r
?. L8
2.1,6
2.511

2.18
2.5l.r

¿,51r
2.\7
2.æ
). 1A

¿,>¿

2.62
2.iLt

,05
,a5

.ot

.v)

. -')

.J>

.))

.')>

.u)

.)5

. -.)

,')5
.c5
.05

.05

.ù5

.07

.08

.08

.07

.06

.0.9

. ¡(,

4Ã
\c

ôÊ

..-¡l

08
08

0t5
t9

L5
t5
i_ô

tl
'Li

L5
L6

1,6
L¡t

)v
¿¡ -l

0.

.l¡8

.17

0

20

\5

L>

!>
L5
r<
r(

.16
t5

o.02
.03

.03

.a2

.01

.03
4:

.c3

.03

.01

.03

.03

.v¿
.t?

.02

.02

.03

0. o.25
,25

0. L7
.l¡6

35
36

)6
.)>

.)c
?(

.Jc

.35

. tl)

.36

25
?5
26
?7
?5

.26
')Á
.J .,

,2i

t<
.2,
.¿>

,1
2)

.20

?a

2l

I2
I3

I3
12
13
'r l,

r3

1?
ì?

11

flr
r3

i3
I3
\2
10

13

13
.r3

r929
1930

0.05
,05

.05

.6
,o5
,o6
.c5

,05
. ¿)
il(

.og

.05

.\J>

'U)
.o5

.05
,a5

r( .

rÁ
.!6 :

.jr
?_r

.3?

.t2

.lr

lo
'lñ

3o
3o

I .'

. ¿:)
J,l.

.L¡6

.1.8

.it I

.u!

.18

,2L

¿o

. J,_f

.0i

.ci

.ù8

r h . ¡l.L'B

: .l¡8 :

?ì .

.30:
. !.7
,L5

)U.37
.36

'A
¿>

ô?.

.03 ;

Av. .o3 , o,5- ,zo .26 ,36 ,41 4L .3t '/r ,01 , af '?.s
E
Ê
ts
o
L*"
F

V Ueen of recorCs at Concordla and Republic City ln t(ansas
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Table 5?-- Prectpitatloa at Red Clouit¡ liebra¡Ìca Iirohc ¡

¡t8'll o t

1929
IYÓU

1931
l9õ z
'l 1:r¡ <

I C:?. I

193 5

l?

1.?4
.14

?l

.c4

.34
La

: : .a',

Êa,a-e
.98
.14

1.66
oft

,ilg
<ê

1^o
t ?tLa')ç
1.07

. (:?

oS3
nn

.91

4 ala atù
.80

r.aI
"Q

.lBt

.?0

.91
J.s?
I ?{

1'58

ÂÃ
1ÊZ

.56
2.62

r94

4.30
1.â7
2.1.9

¡Ðë

Z oéô
2.32

1.9{
2.19

.26
2.9+
3.1?

]'t{
1.38
2.32

.37
1.00

¿.ii
I.43
rl ¡tJ Y

4,4,J

2.1X
'A

1n ?{
ù ¡i È

¿.L*

2,30
1 19

ER

¿.¿ r

lt1
I 

^Í1

l.Ð9

É 1Iì

7.1ã
., -)

¡Jó
2,47

8.16
.55

2.03
L o5þ
T

1.3?

?t

! ?l

4,az-
7.q2

.re

4t

.74

19,49
22.28

2õ,S4
l5.I?
15,?4
11.94
24 r32

13.98

,l)
.81
.15

.02
e'.8

5.46 | 3 ,27
5.0Ì

1.41 r '13.35 r 2.12
2..12

at
ia.)

I

t
¡

t

t

1.0?
1.42

"tI
^<

. j'!

.10
1 C,

t9?
.78
.14

r.13
r05

1"94
1.61

t
t

¡

t

I

I
t
I

¡
I

.96
,37.54.o5

a1 4.01

2 .38
.a1

3.65
aJ t

.6i

Jr

8.91

,?2

149
. t'l
.JÞ

I
't ao

.+9ç

1-¡36

1:?Ê

1:¡3
1e¿fì

1';41
I942
19,13
1944
1.34 5

1.S4
.35

1.58
1.eõ
1.33

.. .4Ð
¿, .Þo
4.50
5.4¿

o?

'l ¡i*

r c...

t '/O

È .I':
C ¡'*l
Ê lE

2.98
2.66

4.â6
4 .6r

.7õ
4 .sfj
? a-ì

rr) I

.3ô

I.J6

1o55
1 

'?1

2'16.82
| z?.UO
! 13r60
! lget3

'l tt¡!j

t 29.j2
r 1ô,39
s 28 nll
! 25050
t
¡ 90.95
2 LZ tiJá1946

1947

ôz
ol

.09
rSl

1.95
L.24

zna
t rl

2.15
tcq

? .!?

ztÂ

(c

.T J

.35
\tr t '|a

2.,!7
à,

4.â5
3. 97

! 1.+¿

: 4r0O
I 3.4?
¡ 1.55
. 2.6i,
: 4.s6
I
¡ 3194
t 2.26

t

,'19
o )fJ

I <<

L

Ê

I

.6

a

1.

2:¿

34
25

oo

.+1

2.29

.47

.14

.11
1.?9

o5ó

3

t

I

2.)

"09
olr) 2

2 r0l

.)4
1r¿1õ

i jLt'r 
2

3-rê 2.2 | 2'+O ?ê t /.3/ ol/ ¿, /3
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!

KS002096



't ;
,i

leble i-:- Frecipitation at Superlor, liebraska -- Inohes

ar

193 ô

I YJè
19õs
1940

'l cÁì

l.942
l.943
194 4

1945

rt
1

ìt
I
1

1.
1r
1.

.12
¡!Y

: .30
2 ¿.L,'.

s .4Ì
: 1.C4
! o:JU

: eÍ4
: rþ9
i
| .7!
? ¿1Þ
. 1Z

! 1s56
s .43
I

.80

.3O
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05
OL

É
Þ
d
Po
rJt
cÞ

,29 ,25- ,/Av ,tf, 'oé /a

KS0021 02
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!/ Based upon ihe Concordfa, Kansas precipltatlon records.
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labLe 5l . Consumptive ¡lse Requircments of frrigaùion lÍater
Franklin Red Cloud Unlt

Acre-feet per aere irieatect

Year Apî. { May { June Juty Aug. Sept. Oct. Total

L929
1930

r93l_
L932

. 1933
rglb
r935

L936
l-937
'r938

L939
rgLo

r9!r
1912
t9L3
Ì9LIt
19l$

o
o

,02
.tó
.23

o
.o?
,t5
.2lt

o

.tl,

.lL

.llr

.t6

.09

O. -t,j
.-r5

'3t¡
.)7
.lt
. l¡f¿

.tø

.l:.l

.rB

..l-j

. lrl¡

.t9

.t)

.2I

.?'l

.20
r)

()

0
o
o

Q2 0
o

o

L)

o

c)

o
o
0
o

) ù. ¡,1
.?9

(ì.ll
.¿)

.25

. Jl.,

.?o

.l¡O

.).t-;

.?B

. lr-l

L

0

o
1

I
I
o

I
1
I
I
T

o
o
1

o
0

.o7

.87

.BB

.09

.ttÉ

.78

.88

.lt7

.22

.12

.29

.25

.39.

.[e

.11¡

.56

.67

79
79

.07

.o9
15
ill
r3
t0
09

âO. ar)
. []
.20
.; lJ
.t?

.JL
.ta

.io

.tl))

.to

.lo

.2?.

o
o

.?u

.25
,lo

.13

.05

.L2

.t2

.D7

o1
L6
l_3

o1

.07

.12

.03

.rl

o
o
o
0
o

o

0
o

OB

oó

.r7

0

0
0

o

. LÌ¡

, It{
. t')
.16
.L2

.?5

.2L

.?2

.tl

.llr

0

o19ù6
r_9h7

.$ .bz .o7 ?)
L5

32026 .26 .r2
o
0

t

)

g/ rncludes one-half of porùion of Nov.-!lar. requirernnt not net
by thc cffective precipi-tation for that, period.

t

; r- '.¡ t

,.. ;

KS002103
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'ti:

t.-
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Teble G0. Conswoptlve ttse Rcquiremonts of Irriäation lyater
Superior-Courtland and Courtlæd Unite.

Acre-feet per acre irrigated

Year npt. 91 U"y-g/ June July Aug. Sept. Oct, Total

t929
r930

o.09
o

o

o
.07
.11¡
.oB
.1h

0

0
0

o
o

o
o 0l-

1ó
t3
03

r3

15
t5
O¡r

L2

o
0

o

0.l5
.?lì

1¡.¡

I835

.07

.26

.IO

.)2

.22

.?7

.L5
-r2

.29

.lrO .¿>

o
o

28
.))

)1
1I
l1
OB

19

It9
1í
Li'l
lrl
tQ

o.ì.

0.12 0 o
o

90
82

¡
193r
'1932

LÐ3
193lt
l935

r%6
r917
I93B
j.939
19Lo

19Lr
191¡2

19h5

19Ló
T9Tfl

verage

o
.07
.18
.?3

o

.L7

.oB

.21

.1.5

.29

.20

.01.

17
o7
07
05
20

.lo

.23

.26

.5o

. 116

.26

.lo

.17

.l¡5

.??

.T9
J,

.L2

.02

o.96
o.97
1.13
1.86
0.99

IJ'
l.02
o.B7
1.33
1.25

05
21
25

¡

¡
.ob
.13
.9?
,.12
.O3

o .lo
.19
.11

.09

o

o
o
o
o
o

0

19!3
191¡l¡

ol

Ol¡

o
o

o
0

0
o

o
o

.21)

.17

.11

o.61
o.35
t.0B
o,J1
O.l¡9

0.86
L.o5

0

.19 .06 .r2

01.

2O
?fl

o
o

2/ fncludes one-half of portion of Nov.-Mar. requirenent not, met þrthe effective precipitatlon for that ¡reriod.

:'r

KS002104



TabLe 6/ . Consumptive Use Rsqrriremcnts of Irrigatlon Ìyater
Scandia llni L

Àcre-fcet oer acre i rriga têd

ïear Apr. g/ Vry ! June July Âug. Sepr. oct. Tot¿l

L929 0 o o.o1 o.3?. 0.15 o,o8 o 0.76r93OOo0.29.)2.16O.77
1931
L932
LÐ3
19lh
Le35

L9],6
t937
1938
L939
1910

19br
L9lû
t9lú
19bb
Lgt$

19b6
L9tú

o
o

.o7

.20

.L7

o
0

.18

.L2
0

. llr
-r0
.?)
. l¡.|¡

.12

.óh

.ltz
r, rB
1.6¡¡
0.61

1 '38l.0g
1.01r
l.1g
1.18

o
0

10
L2

15

ol t¿.63
0.-lo
o.8L
o.12
o.53

0.Blr
1.05

.16

.11

.t0
.ol
.15
.11
.03

0l¡
OL
03
1l

,05

.09
o

.?6

. rl¡
o 0

0

15
IL
06
I9

01
18
20
27
2lt

OI
0L
]2
09
.12

29

o

2B

)2
ldr

o

26
rt)
?2
l¡ lr
32

l¡lr
2l
lo
l¡B
l¡O

.29

.18

.ol

.13

.?7

^)

)
.ll
.0ó
.Ib

o
.09

.)3

.11

.22
,20
.20

o
o

o
o

o
o

o
0
o
o

o
0
o
o

.31¡

.10

.26
o
o

.?5

.L5

.3903

00o
.18 ,10 .oB .16

an
.Ll

0 o

,26 .25' .]2 .o5 0.8ó

g/ rncludee one-half of portlorr of Nov.-Ílar. reguire¡rent not net
by the effective preclpitation for thaü periotl.

,i;rr I5r')

KS002105



.t'

T¡ble ó 3 . DLversion requirenents for the t'rankLin Genglt
Fra¡klln purn¡ ard Naponee Canal.

(Untt - acre-feeL per acre)

ïeer ¡

L929
o

: June : Jt¡

i
o.JI : 0
0¡

.: S Oct,, : Toüal

2.51t
2,06

.02

.38

'31
,02

l.l¡B
2.89
2.65
3.06
2.96

o.92.
1.16
2.70
Ì.33
L.5g

193
0
0

0
0

0
0

o

05

05
)6
57

.17

.21

r9
Ìl¡

l¡o

ot

o
0
0
0
o

o
0

o
0

o

o02
69

.5e

.66

.o2

.8r

.52

.71

.5e

.57

.52

.26

.81

.76

.62

1

1

.85

.81

. it(
c0

.'t3

.Ió
,95

.02

. l¡3

.5lr

.Ol¡

.92

.3)

. l¡l

. rjl

.lB

.28

.5L :

.35 t

I

1

.1.

.)J

.t7

l1
5lt

0
o

0r93r
L932
r933
u3b
L935

.)3

.Bl

.lB

.?1

. ric

.17

.,)5

.)5

.31

.5o

.61

.\7

c,8

5B
.bL
.22
.08

?
?
3
L
2

,05
.38
.15

.35
,))
.31
.2b
.2L

.35

o
0
o
o
o

o

0 0

]..936
L93?.
t938
L939
19bO

r9l¡1
Lgltz
L9b3
191¡ù
t9b,

r9M
Lew

0

.56

.?.6
,l!7
.07
.29

31.
12
2B
29
rT

16
29
07
26

28

o

ll
5z
zlt
7T
5z

66
62
2l¡

62

)
o
o

0 0 : I.B7
: I.B70

)

r,-itÉ
1b-x-

KS002106



t

i,,i ¡
I, i .';

ii

i t'

teblc: dl.. Diverelon requtrenenüs.for tt¡e Red Cloud ¡¡¡p
(unit - acre-feeL per acre)

ïc¡r ¡ Apr. : llay Jur¡e Ju]y Â,ug. Sept. Oct. Tota]
I

0.Ol¡ :o:

0.80
1.00
2.11t
I.15
1.37

o

I

L9
7B

.80

.2h

.97

.65

.80

.0r
-5o
.30
.ól¡
.16

2.
1.

I
2
2

3
I

3
2
2
2
2

0
o

o

27
.u7

26
b3
55
br

o

:
t .27
z .l¿5
: .2O
| .62
: .l$

:0
:0
z .57
: .53
: .2O

BB

.le

.5r

.70

.¡¡I

.82

.31
a

.5t

.BB

.?o

.15

.62

.5t

.by

.t$
.23
.?o

7l¡
7',¿

llr
l6
6j
rJo

82

BB

37
)!7
9O
BO

29

ooo.26
o

0
o

o
o

L929
1930

193r.
t932
L93)
1Ð¡¡
L919

r936
L937
1938
L9J9
19!o

r.9bl
r9lt2
191r3

191¿I
L9l$

uü6
r.9l¡?

t

29
29
70
3J
LB

5?
2)
l¡r
o6
25

rlr

¡O:o
:0
¡O:o

¡'O

Olr

3i
ùe

1¡¡
1B

L6
T2

o
02
33
2?
o2

27
10
25
25
rb

Il¡
25
o6
22

25

.olr

.33

.lt?

.31
,29
.27
.20
.18

.31

ö
o
o
o
o

0

oo

D

o
¡

0
J7
.72
.33
.25

0
o

.35
o
o

62
62

1
L53

o.(ß;
.53 ,

,Ir7
.11

OL
o

A.t3 2.â.1ÀY. ¿.t3 A,/o ¿,/t t, 1cl ê,Í8 d,t3

KS0021 07
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!1,
,,

't,ì¡
lLr
:a:

Dl.version Req,rirenents for the Superior Canal, Superior-
Courtlancl Unit

(Unlt - acrc -feet, per acre)
Year : Àpr. : Uay : June: Ju.[y; Âug.: Sept. lOct.: Total

io.zeio
: .63:

65.

ot
B3

?
I

û.31 : O

.l¡o :

0

'Ì2

.78

5B
67
]B
00
ue

62
?L
67
bl
69

82
2l)
69
18
l¡2

65
89

0.20
0

.L?

.33

.(rs

.15

.02

.38

.Lt

.tó

.1I

.¡¡b

o
o

o

o
0

o
0

0
0

0
0

.11

.5r

.56

.09

.29

.16

.27
r0?

L929
1930

2.11r
2.L6
2.97
l¡.15
2.?r

r-¡6
o.78
2.1¡1
o.6g
1.Og

L.g2
2.3u

I
2
1
2
2

02

36
29
07

29

.31

.31¡

.09

16
12
1B

31

27

o
o

o

0

l¿z
be
L9
27
OL

r6
58
22
71
l¡9

tu
3)
27

56

o
o

I

.67

.5t

.9s

.12

.a)

o9
33
l¡O

9I
9L

.5\

.38

.69

09

lr5
62

o

,16
.l¡o
.5t

.38

.IB

.20
0

o

1931
L932
L933
It3l¡
Le39

I
I

1 .0r
.27
.91¡
.97
.79

936
937

I
1
193.8
1939
19üO

r9l¡f
L9b2
191¡9
19ld¡
191¡5

191¡ó
191¡?

02

27

0
o

0
\0

o

07

09

13

0
0
0
o
0

otp
o0

Av. at? a,// a,// â,t2 ê,ût_ 0.î3 a,tb J, /b

KS002108
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:I
I:'

' i.,

t:

t.
t.
t>

.. :;
fir'

'fit

I

,åi
..t:

8_-..ít
. :.: i . {'l'' .:,.
:6ß:..Diversion requireaent for the Cor¡¡tland Canal, Superior-

Courtland and Courtlard Unlts'
I

(unit - acre-feet oer acre )

ïe¡r ¡ June : July : Àug. ; t.: oct. : ToùaI

':

L929
1930

r93r
l;932
L933
r93b
TÐ'

Ln6
L937
r938

Iglrl¡ :
T9Iß ''

0
0

0
0

0

9
0

?'l
)5

'o62
68

o.r7 :

0:
o.6B

.51

.fJ

.lr5

.5rt
*:l
,8,

.e5

.?9

.J5

.i.ìü

.8.r

.16

0 0

.)72 O

.lr3 i o

.l¡l :

.23 :

.01¡ :

f.7¡¡
t.t9

,17 :

.06 z

.33

.rL

.-ril

.-Ìo

.l?

.50 :

.58 :

.)) :

.87 :

.13 :

.51 :

./>lr;

.Stl :

.3'l t

.(Ð :

.7?

.2r

. /-'L'l

.16

.37

.56
.tO

. tL,

.Lr

.29

.56

.]9
,D2

.02

.3r

1. Bó
r.BB
2.58
3.ó]
r.92

2.62
1.98
1.69
?. -58
2.{2

1.1.8
o.6B
2.10
o.E
o.95

67
0ü

.r0

.¡¡L
, l¡8

OB

26
1L
23
06

l3
35
L'

33
r5

0

0

.26
06

26

?9
29
o8

IL
27
t9
27

o

0

L939

I]
5r¡
r9
6?
L?

a

53
?9
2)

191¡o

l.9l¡I
r9lû
L9l¡3

0
o
0
0
o

o

o
o

0
o

(_)

Lì

o
o

,j') ,

0

CIT!C''B '.t0
o

.12 : .23 t

OB

.)i
,;l)

0 0: 1
?

Ìeh6
l9L?

37
O:0 I.l¡ .23 z

Av. a, tt a,/o e. /'/ ê,.:4 o.!,3 a,7? cJ* t,8g

I
/

ll ¿) ¡i

KS002109
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!i.

r...
ii' '
Ê

t''

'.,i.

f"Ufo-:6?. Dlversion Requirenrents .for the Sca¡dia Unj.t:..+ .'.
(U¡rft - acre-feet per acre)

Te¡r¡ Apr.: l{ey June : July : Aug. i Sept.: Oct. ; Totrl-

0.65 :

.5e ,
o.72

,65
L.55
L.57

L92g
1930

02

t_B

o
o

0
o

0
0

0
0

o-16

o

0
o

t93r
L93.2
L933
r.93b
L935

1g

L9
L939
rgbo

191¡1
Lglrz
L9b3
rgLl¡
Letf

L9l¡6
]rglt?

0
o

.37

.?lJ
o

,)
37
t$
90
atí

.)J

.30

.2_g

.L2

.39

q2
02
?-Lt

Ì8
2lr

.5r

.lÌ
8o

57

65
90

o

;

I

Il¡
.l¡f
.75

.2)

.12

.28
o

.rB

o
o

.oó

.37

o
.53
. ?tJ

0

.90

. lr.]
,6L
.98
.82

Dll

.20

.'tú

.90

.2b

.67 z

.o) t

.\9 ,

.lr1 :

.hl,

2.81
2.22
2.t2
2.l¡r3
2.81

1..71
2.rl¡

o
o

.02
1",

.¡rI

.55

.l¡g

.2o
.a6
.ll-
.2-2
.oó

0
,59 : .to :

L.29
o.86
2 -Lr
l.lb
L.2L

3
22

0.3

o

.28

.6t
-7r
.2L
.08

36

3B
L937

.ç9

.)7
.06
.?7
.5q

.Olr

.20
..zlt

30

02

o
0

)
69
?o
5)

1)

.55

o 1
0
1
0
1

20

o
0
o
o

o

o
o
o
o

o
o

OB

OB

o6
2'l

o
o

o
l-6 o

o

.Av. ¿,// a,ag d,/ô 4€"+ a.gz ¿.2 3- o. /o /.7ô

)

ti.65

KS0021 1 0



,:'

t í.' 
i

l¡fO1[ICenaFrar¡klinforr:eænüarêqui

7
9

o
o

aecrg

29
37
l¡9
60
29

.3

.b

.b

.3

l¡. ?
l¡.7

r_1.?
,.5
3.0

,

h.5
1.7
lr.o
\.2
2.h

.3
a?
.O
.7

0
o

o

5
h

ïeer Apr, ltêy Jw¡e July Aug, Sept,. 0cù. Total

o
a'l t!.5

o

r.931
1932

L929
il¡o

19J8
1919
19b0

19.br
L9tt2
19b3
I9ülr
Lgbt

191¡6
1tb?

1933
1931¡
L9t5

B
I_

12.
lL.

T2.
12.
10.
16.
13.

1b.
6.
7.

tõ,
13.

h.
6.

11.
,,
b.

7.
5.

1ll
9

2
I

l¡.¡¡
?.8

36.5
29.6

i.

L936
L93?

o
o
O.?
5,\
7,9

5.o
b'?
\.5
3rl¡
3.O

o
o
o
0
0

o
:7

5.2
s.2
0

2.b
3.0
o
2.?
2.0

o
o
5,7
0
0

o

9.5
3.7
ó.9
1.O
\.2

2 B.S
7 .rL.'
5 6.8
7 L3.7
7 5.o

7 e.52 ilt.T
I 11.6
o 7.5
2. 10.2

7 B.l
2 8.2e 7.55 t.to L1.7

\.,
7.2
9.2
6.8
o

' l¡.1¿

7.5
3.1¡

lo.2
7.5

9
1
5
7-
9-o

.1

50.o
l¡1.5 -38.1
blr,o -b2.5

i3.z
L6.7
38.8
19.1
22.9

26.9
?6.9

o
2
Ir
1
3

5
9
5

o
o
9.
8.
3.

0
o
o
o
o

10.
B.

5.o
o

.T 2.5
o

o
B.g

o
l¡.0

9
9

1où¡l
Àvor

31.3
1.6

61. B

3.3
192.O
10.1

183.0
9.6

1o3-?
5.5

rl¡2.L
2.2

653.8
lh,l¡l.2

l¿ì6

KS0021'11



I'tì

rËqul.remnta for Fr¡nklln Souùhsldc purp C¡nal -
2rO7O ¡orrst

::i T Aorc-Fcet

.: ,lÍ¡Jr June Jurg Aug. Sepù. Oat. Tot¡l

.1 a? .61929
r930

0
0

0
o

1.8
L.B
1.5
2.\

.6
o)
.6
.6
.)

a?
.7
Q6
:5
.lr

5.j
b.2

0
o

I
6
I

3,9
3.9

o
1.3

1.8
l.?

2.1
1.1¡

I93I
L932
rt33'
ì-93[.
t9)5*

1936
L937
t938'
L93'
rglp

I9L}
r9liz
r9l¡3
r'tù
LebS

ry¡o
1tl¡?

0
o
'.1.
..9

1.1,

0 o

0
.1
.'l

I,2
o

.lr

.1,
a

.l¡

.3

,7'
.7

l.?
.B
.¡¡ .O2

L.2
I.?
1.0
2.O

.7

I.l¡
2.L
1.7
l.I
1.5

L.2
r.2
1.1
.5

L.'l

1.6
I.3

1.1

.6
1.O
1.3
1.0
o

.6
I.1.;t
L.5l.r
o
0
1.1¡
1.3
.5

b.3
5.3
7.L
8.9
b.3

7.2
6.o
5,5
6.3
6.1

r.b
.5

l.o
.l
.6

o
o
o
o
0

.l¡
0

2.L
.9

r.1
2.1
r.9

7

0
o
o
0
o

o

0

0
o

0
o

.7

.9
l.?
.8
.6

1.1
,7

I

.1

o
.3
.6
.2
.5

0
.6

L.g
2.lt
5.6
2.0
3.3

0

lotrl
Avg.'

'' 
b.5
'2

516
.3

9 0
5

27.6 26.'
1.5 1.1¡

ó.1 9b-2
) 5 .O

ilt.y
.8

Tþ .Èf t67

KS0021 12
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¡

-t

i
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¡l ¡

I requlrcnonts for Haponee Canel - lrl¡90 ¡orrs

L OCiO Aera-Fcoù

Apr. lley Jru¡c July Aug. Sept. Oct. IoürI

J.1
3.8
Ë..L
6.)
3'Ì

0
o

0
0
.6
.5

.1

.l¡

.8

,5
;7
.g
.7

0

.5

.5
L.2
.6

..)

t
2
L
l¡
2

a 5

3

1.3
L.2

L.5
1.0

.9
L.2

.7
L.lr
.5

3.8
3.0

19¡r
1932

o
o
.l
.6
.8

1.2
L.3
1.1
1.7
1.lr

.l
o o

o
.I
.5
.8

o

3
o

0

i.3
.2

0
0

.g

.5.

Ï,
.3

.5

L913
19¡l¡
retÍ
L9.16
Ln?.
tetg,
{rt9
,'}Attþ
,.;ì 

f,, :

19&r
,lgliz
l9l¡3
I1&¡¡'
LïIÉ,:

.! ': :'

o
,2
.l¡
.l
.ù

0

5.2
b.3
l¡.0
ù.ó
ü.1¡

l.l¡
r.7
l¡.o
2.0
2.It

a

l.

0
0
I.

1.0
L.5
L.2
.8l.r
.g
.9
.8
,L

r.2

l¡
I
l¡
1
I

o
I
l¡

B
6

L.5
.6
.B

L.5

0
l¡
7
I
l¡ 1.1¡

1.

5
6
2
6
l¡

I

l.3

.)

.2

6

.l

a

o
o
0
o
o

o

o
q

o
o

o
o
0
0
0

q
2.8
?.8

o
1.0

1.1
.9

19.O
1.o

a

.¿l
t!5

67.8
).6

TO l¡. l¡
)

t9.ó
I,O

6.5
,3

4otal l¡.2
Ar¡t¡ .2

1',

KS0021 1 3
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'

'Ìi{.*',.r' i.l'

ijii,

I

t
!
1:lt lebþ ?1.. Dtvgraion requlrerents for Rcd Cloud Purrp - 28O acres

I 0OO Acre-Feet

Yc¡r Apr. lley June July Aug. Sepü. Oct. Tota1

L929
19f0

0
o
o
.1

L9t5 .1

Io
o

1

1

o
o'

o
o

o

0

o
o
o

o
o

a

o
o

o
o

o

o

.1

.1

.L

o
'o

0
o

0

o
a

o
o

0

o

o

.g

.7
,7
.'l
.7

.3

.l¡

õ
.L

.3

.7

.2

.2
.2
.2

.6

.5

.5

.ó

.B
1.o
.5

1931
L93?

1
1
2
1
I
2
1
1

1

2
2
2

)
2

2

I
I
)
2

1
1
2
1
I
1
1

1
2
t
2
t

I
I
1
I
2

2
I

1
1
1
I

I
1

I
1

lt33
193b

1

I

I
1

1

o

a

l9l¡ó
leli?

L?36
193t
1938
L939
191¡o

19br
'191¡2
I9l¡3
r9l¡l¡
uL5

I
I
I
I
I

0
o
o
o
o

0
o
0
o
o

.1

.t

.I
,2
.t

.1

.2

.2

.1

.2a
o

o
o

I
2

.12

o

I I .l 0 5
5o a

1.7
.1

o.8 1l.o
o.ó

2.8
.2.

3.2
.2

1.3
.L

0.1¡
0-

o.8
Âvc.

r"êÉ:.
1ô9-

KS0021 14



1 000

Ielr, lpæ. l{ay Junc Juþ Aug. Sept. Oct. Iot¡L

Ly29
lt30

r931
19ie
L93'
urü
w5

'i

rt36
193?
1938
L939
rgl¡o

0
o

9 5.8
o o

0
o
.9

6.9
9.9

6.3
6.o
5.7
l¡.1¡
3.8

o
.g

6.5
10.3
o

.g
o

ó.0
ó.0

t2.l
lt.l
8.6rf
5.3

o
o
o
o
0

5.7
9.O

t1.5
8.6
o

Ì3.o
e.5

t.7
2.2
5
5
2

b6.2
)7.3

37.8
l¡ó.8
6216
76.8
37..9

6z.z
52.5
l¡8.3
55.6
53.7

l.6.7
21. I
l¿9. f
2u.2
27.o

3ù
3l¡

a 5.5
9.8

I
2
l¡

1
t

o
5.L

9.8
ó,l¡

3.3
o

18.5
]..2.5

r5tl
tS
t6
I]
2L
I7

r!. s
7.0
3.8

5.5
9,5
l¡,¡r

10.7
il¡.6
B.ó

L7.3
6.3

12.o
rB.5
Il¡.7
9.5

o
o
ú
1t
l¡

0
It.l¡

lo.7
ro.l¡
e.5
l¡.7

ll¡.8

L3.g
1r.2

5
o

l¡
o
3
I
3

o
o

o

6.
5.

3
I
6
5

.L
a?
.9

ó.o

3.1
3.8
o
3.1¡
2.5

o
o
7.2
o
o

o
o
p
o
o

18.5
7.8
9,8

IB.9
L6.T

7.8
t5.o
7.O
5.1

U.o

191¡1
r9¡¡2
,19¡3
Leù¡
191¡t

leÀó
t9l¡?

0
219
5.3
1.3
\.7

6.,
o

.t*¡r
.Avr.

50.2
216

39.5
2.L

2l!2Jt
L2.8

23r.3
t2¿

t31. I
6,9

53.7
2.8

826.8
\3.9

,f.rÌ. -:'i^.'78.6
ù.r

¡,.

!

170

KS002'115



:l

Y.rolon Rcqulrenenta for superlor-courtr¡nd unlt (superl-or csn¡r)
6r?9O Acres

1.000 Àores Fcct
ïoaf lpr. X¡y Junc JuIy A¡g. Scpt,. Ool. Tot¡I_

73

L929
19t0

r9rr
1932

193ó
r9t?
u38
r939
r9¡¡0

o
o
.8

t:5
3..8

. tó
2.O
1.1
L8
.5

o
.2

2.O
o
2.2
2.)
.6

13.?
L2.l

1l¡
1¡r

J.2
2.2
b.I
3.0
.L

2.6
1.0
1.1
.8

3.0

¡r.6
3.5

3.7
2.6
b.7
0

.6

o
o

o
1.
2.
3.
o

0
o

5.3
ù.3

7.t+
2:t
2.7
6.2
6.1¡

1.¡¡
o

l¡.9
5.3

3.9
L.6
2.6

2,L
2.'l

19âA
l9llr
L?35

I
7
,

),9
7.6
?.O

20.
28.
L5.

0
o
2.5
2.o
.)

2.9
3.3
3.3
r.8
.)

6
7
2
2
1

ó.9
3.lr

L.r
l¡.O
L.5
b.8
3.3

b.z
5.o
ù.6
2.9
\.7

9J
5.3

ló.b
b.T
?,b

o
1.1
2.2
I.2
2.L

5.6
t.6
l+.7
t.2
2.9

1

o
o

o
0

6

o
0

a

0
o

0
0
o
o
o

2.6
L,2
o
1.lr
.5

20.5
L5.5lrJ
20.2
19.O

r9å1
r,tl¡z
r9ùt:
l9ldi
rt¡'

o
0
l¡. r
2.)
L.8

l2ll 2..g .9 r.8 3,I l¡.1¡ o o r3,r191¡7 o' . o o L.z 6.i 3.8 r.B r3:;_ | - ü {'.
:\. JoÈ¡l:'-.I?.0

Ave. .,
1ù;á 2L.7 89.I 79.\ l¡l.r zo.? 279.5.8 r.3 l¡.2 \.2 2ð t.ó Li.i

9, 1
i,

i i.!: '

-/

171

KS0021 1 6



t,,

.i . 'i
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.. !.

./t;,:'lll; 
t

È..

¡

;:{,

I O@ Acre-Feeù

fr¡r
!,.,

Apr. llay June JuIy 
^W, 

Sept. Oct. lot¡I

1929
1930

ltl¡ó
r9l¡7

o
.l¡

I.0
1.3
o

0
o

0
0

5.
li.

5.5

2
?

o
o

.9

.?

.2

7.8
5.e
5.o
7.7
7.2

.l¿
1.5
.6

1,8
L.2

.8

.9

.o

.I

.l¡

5 2.O
r..6

r.?
l_.3
L.5
2.9
2.6

1,!
l..o
1,8
o
.2

1.9--
2.O

.8
1.O

0

0

o
o

o .1

.B

r93r
-L932
L9t3
t93L
Le35

L9i6
L93?
1938
1?J9
r94o

r9ùr
rtl¡z
leh3
191ù
LebS

.3

L.2
.g

r.7
T,2
.1

L.5.I.7
1.0
2.6
1.3

1.ó
l.g
L.7
i..1
1.8

r.6
2.)

1.Ì
1.3
1.3
.7
.t

5.6
7.7

10.?
5.7

3.5
2.O
ó.3
1,8
2.8

5.0
ó.1

1.3
Ì'¡t

1.1
o

2

L
2
2

o
b
L
3
2

o
o
1.6

.9
,7

2.1
.6

I.B
.5

l. 1

1

0
o
o
o
o

2
I
l¡
7
2

1.0
.l¡

o
.5
.2

o
o

.2
o
o

.L
o

I.
o

\
.L

.9

.?

.2

.l¡

.8

.l¡

.8

7

0

0

t_

o
o

0
o

7 1.2
1.6 r.50

1où¡1
Ave. 3

5.b
.3

9.7
5

30.1
1.ó

L6.5
.9

7.8
l¡

L06..2
5.6

30,3
1.á

,

i1,!' t72
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; .. :;
' .: :'i

lr'

;'

i reurafclr nûr.erulon #:::îr:rîr:;ilrs::""u c1al ln Kansae above

' I lrooo Ac.no-Fect

T.o, Apr. ftsy June July Aug. Sept. Oct. ToüaI

:

L929;. O "O 2.J. 8.9 ?.8 l.l¡ O . - ?1.8 i

1930. ;O o 0 ó.8 8.5 l¡.b .3 2o.o
I

'l
r;93t
1931rrn'

1931;
1932'

LÐ6
LlJ?'
r938
1939¡..
191¡0'

o
0
1.3
5.5
6.0

5.r
).(,
?,0
l¡,9

,2

l¡.ó
5.1¡
5.b
?.9
.5

10
5.

o
1.6
l¡.1¡
,.6
0

3.3
o
3.6
J.6
t.o

l_.6
6.J
2.¡¡
?.8
5.3

l¡. r
L.7
L.7
1.1
l¡.9

9.O
2.6
7.5
2.0
b.6

)

7.3
t.t
6.3

L2.2
11.2

r}.9
).6
l¡. l¡

Lo.0
10. t
5.8
l¡. f
't.5
o
1-.O

3
3
I
9
l¡

8.0
7,3
l¡.7
7.5

6.
7.
b.

6.8

?.o
9,8

o
0
6.7
3.6
2.9

23,3
23,6
32.1!
b5.3
2l¡.1

)2.6
2l¡.8
21.2
32.1!
30.h

il¡.8
8.5

26.\
7.1

Ll.g

0
0
J.9
).3
.8

o
1.8
3.b
1.9
l.l¡

.l

,,t

0
3
I
9
B

1,
).
1.
2.

l¡.f
l.g
o
2.1

.B

l9l¡I
ltl¡2
19b3
191¡l¡
Lgt$

l9l¡6
Itl¡?

l¡.6 L.5
0

\.e
ó.8 6,1

o
0
1.0
0
o

0
0
0
0
'0

o

o
o

o
o

9
6

20
25

0
?.9

2,9
o

0

Àva. L.l¡ L.2 2.1 6. B 6.7 3.6 1.8 23.6

¡

iiú..:]¿ 173
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1, :' .. :.

i,, ' "...I :,1
l.!

l

1.000 Acre-Feeü

ïcrr lpr. llay June July Aug. Sept. Oct,. Total

L929
1930

o
o

0
o

1ó.1¡
0

o
5.r
g.B
5.t
9.9

l¡.8
r8.2
6.9

22.|J
15.3

26.3
7,6

2l.g
É.8

L3.5

6
6
B

2
6

I
1
I
I

B

7
2ll
It

6.2
o

L5.
10.
24.
1l¡.

22.6
2l¡.8

I eys
58.o

(,7.9
68.6
9L.2

ul.8
7o.o

95.6
72.3
6r.7
gb.2
88.J

ü1.
2b.
76.
21.
3b.

9.9
L2.8

o
7

19lr
TÐ2
1931
193l¡
r;935

L9t6
L937
1938
tÐ9
191¿O

o
o
3.7

1ó.1
t7.5
.r219

9..5
5-L
8.ù
2.2

12. I
9.5
o
6.2
2.2

12.O
5.t
5.t
3.7

ü¿.2

0
0

11.3
9.5
2.2

9.5
0

lo.6
10.6
2.9

0
B.¡¡

rg.7
23.lt
2L.2
L3.5
?t.9

20.l¡
28.l¡

0
L.7

L2.B

o
o

0
o

o
o
2.
0
o

2
2
I
I
7

o
6
l¡
2
7

2L.2 18.
1ó.1¡ 2L.
18.2 12.
35,bn 3t.
32.\ 15.

13.
t5.
15.
8.
1.

5
7
7
l¡
5

191¡r
L9,&
l.eli3
f9l¡l¡
reù5

Leb6
¡.9ü?

o
o
o
o
0

13.5
o

l¡ .1¡
o

3lt
10
L2
?g
29

16.
t2.
2Ì.
0

1b.2
L9,7

7

8.!
o

9

0
o

19.b
lo.6
B.l¡

o
L7.g

I
I
6
9
7

9
L

6o
7b

foù¡I ?8.9
tvr. L.2

67,2
3.5

116.f
ó.1

!
i'!-"12.5 37o.o19.6 LgrS

96.0 1
5.r

5
6

;3,42
68

J 201.ó
ro.6

t

t74

KS0021 1 9



¡

a.f :

.a

¿ : rì.r
' ,I.-,i
. s'-.i 1,:[,- ¿

' !.: " "t,.
.!*-r

.lr.. '4,.

. :.'
:1

,:_¡

lahþ
.(J

7?. Iltvgrston rcçlremnüs for Scardlr Untù - 13100 ecrfet

t OOO Acra-Feeù

Iear âpr. tlsy. llt¡¡re July Aug. Sepù. Oct. Îoû¡L
-.æ

1929
Ì930

1 931
].9t2
LÐ3
193l¡
LÐ5

19J6
t93?
r938
rr)9
1tl¡o

191¿1

191¡2
1913
19bl¡
Lgtú

191¡6
191¡?

).9
3.8
1.6
5.1
0

.2
l¡. B

5.t

20.1.
20.l¡

1ó.8
11.2
11.3
l¡3.1¡
1ó.1

36.5
2g.g
27.5
3t.6
36,5

Ió.?
?.9

22.2
3.1

Il¡.O

3.o
1.ó
3.6
0
2.3

b.8
o

o
0

o
o
1.
5.
b.

o
o

. ) B.l¡ 9.3
o 7.7 B.b

2.L
l¡.3

o
o

o
o
lr.
2.
o

r
3

9
ó

I
3
5

o
0
l¡. B

3.1
o

2.6
3.1
0
o
).9

.3
o
o
0
o

3
9

3.7
2.6
ó.r

11.?
3.1

6.9
l¡. B

5.s
11.7
8.5

2.6
.8

l¡.O
2.9

.8
7.1
6.1¡

11

LO

't.7
b.8

.8
).5
?.I

0
1..o
1.O

.B
3.5

2.
0
6.
J.
o

o
0
0
0

5
7

t2

l¡
7

8.7
8.2
5.9
,.3
5.)

.7

.6

.9

.B

.7

5

0

o
0

¿

0
o

6.6
b.o

10.ù
0
?,1¡

8.1¡
11.7

3
I

?.L
0

2.6
o

9.O
2.6
6.9
o
o

.3

.3
3.1
2.)
3.1

o
7.?

0
1.3

22.2
2?:8

Ave. l.h 1.1 2.L 7.O 6.7 3,2 r,l¡ 2219

t715

KS002120



Tabre?8. . Ret¡¡rn flcn fro¡¡ Frar¡klin - Red cloud l]r¡lt - rgr2g acres

I 0@ Acre-Feet

...,.-,:."r a, ätlnì
:: ...,! lr-

'' ,. -.. i
'L9,7
1?.o

6
3

l.
1.

I
5

1.
t.

fear Ja¡. Feb. Iar. Apr. Jur¡e July AW.

.7

.8
1.9
1.0
1,1

Oct. NoY. Dec.

r,ó
1.3

2.2
r.8

2.lt
1.9

r.8
L5

2.2
1.8

1.8
2.3
3.0
3.7
1.8

t
2
I
I

1.
l.

L.2
1.0

1.

8
I

1.
I.

)
3

1.
1.

0
o

1.
1..

9
9

.g
].0

l¡
I

1
2

I
I

t929
1930

L.1
1.2

.g
1.0
t.2

7
I

I.3
f .l¡

16.3
L9.6
25,8
32.r
t9.6

25.3
23.5
21.1r
23.5
23.1!

10.3
8.ó

19.0
],2.7
12.1

l¡.1¿
t¡.8

1.3
1.6
2.2
2.7
1.3

2.2
1.8
r.7
1.9
1.9

.6

.7
L'l
.8

1..0

7
I
9
0
I

1.
t.
1.

1.3
r.3

t.5
1.8
2.1¡
3.0
r.5

2.,
2.O
r.9
2.2
2.1

3.0
2.5
2.3
2.7
2.5

.0

.,

.3

.o

.0

2
2
3
Ir
¿

3.3
2.7
2.5
?.9
2.3

I
3
0
6
I

l.
¿.
3.
3.
I,
,0
,5
,3
.7
.6

3
2

2
2
2

.8
1.0
2.3
r.2

1,6
1.6

5

I
?

1

I
I
2

I
2.
2.
t.
?.
2.

1.3
r.ó
2.2
2,7
1.J

1,1
1.1¡
L.9
2,3
1.1

1.
1.
L.
t.
1:

.5

.8

.i¡

.0
,5

1.
l.
1,
¿.
1.

t,
Ir
1.
t.
1.

2.2
1.3
1.7
1,9
l.g

.6

.7
r.7
.g

1.0

0
2
6
0
0

6
!¡

2

¡¿

!

1.0
1.0
r,2
1.é
2.0

1.0
1.. ó
I.l¡
r.2
I. i¡

.l¡

.6
1.3
.6
.E

l,!r
.l¡

A

I.3
.6

T,6
.5
.6

1.5
.7

r931
t932
1933
r93lr
L935

L936
r?37
r938
t939
191¡o

l9l¡1
L9lû
r9b3
191¡
r9u5

191¡6
r9l¡7

1.1¡
.!¿
,6

1.3
.ó

l.ó
,r\

1.1
1. I
l.l¡
1.9
t2

1.t
1.9
L.6
r.)
1.7

I
A

5
7
6

5
6
5
?
I

t,
1.
t.
1,
l.

o
7
l¿

2
l¡F\¡

o

.8

.o

.J
¡1
.!r

.8
1.1
2.6
r.3
1.5l.b

L,7
I.7

L,?
1.2

.8

.g
1.?
r.2

lotel
Ava.

25.t
r.3

2r.6
f.i

2I.?
1.1

2L.5

1.r
2b.8

1.3
28.7

1.5
32.
I

39,5
2.1

Lz.z
2.3

32.3

1.7
J59.7
18. s

3

7

39

2

7 28.7
L.5 Ê

Ê;

f.-

--¡c:

K5002121
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tabLe Jl. Betu¡n f,Ior f¡ron S¡ry€ric Ca!ål - ór7go ¿e¡es

1 00O Acre-Feet

-.i'i..'..r' ..'-frçf3ir+.ry'
- :ai:::a 

"

Ïear Ja¡. Feb. llar Aprr ltay Ju¡e Jûy lqg. Sept. Oc¿. lfov. Iþc.

L92'
r930

Ì9]r
L932
1933
L93l¡
1935

r936
tt3?
r938
r9l9
l9l¿o

t9L1
r9\2
191¡3
r.9¡¡¡
r.9l¡5

19b6
r9L7

.2

.3

.5

.l¡

.5

.5

.7

.g
a,

.7
,5
.t¡

.5
,5

¿.

,5

3
2

5
2
2

l¡
5

.6

.6
7
6

.,

.5

1.

.7

.7
1,0
1.1¡
.?

1.0

6
6

7
7
9
3
7

9
7
6
9
9

l¡
2
I
2
l¡

6
7

1.

.5

.l¡

o)

,7
.9
,,

7

5
!r

7
6

3
?

5
?
?

l¡
I

.¡¿

.lr

.b

.t¡
A
A

.!¡

.6

.l¡

.l¿

.6
,,
.3
,2
.g
.1
,2

.l¡

.5

.3
,3

b
3

)
3
l.¡

5
7

3
,
!¡

3
t
5
2
1
b
I

l¡
Ir

3
l¡
l¡
5
7

l¡
5
t,

.|.t

5

5
2
1
l¡
I

.lr

.l¡

.3

.b

.l¡

.6

.8

.l¡

.6

.b

.l¿

.6

.5

.3

.¿

.9

.1

.2

.l¿

?.9
.l¡

a¡
{

,.
t.8
ó.o
7.9

11.0
7.3

l¡.ó
2.5
5,9
2.9
2rB

.7
I.1
.6

?

7
9
3
7

5
5
7

A

n

.6

.5

.7

.7

3
2
6
2

J

t
6

.l¡

.!¡

.5

.7

.l¡
1.

ng
.7
,6
.9
.g

.l+

.2
n

,2
.3

.6

.7

n
I
7
E

9

I
6
,
7
7

I
6
5
7
7

l¡,
6
2

3

t
6

.3

.7
1.0
.g
I

.5.

.3

.8

.2

.l¡

7
I

.5

.L

.l¿

.5

.5

2

I
L
I
2

3
l¡

a

.7

.6

0
3

?
,

5
6

L15.1¡
6.1

a 2

3

7.0
.l¡ 9,10. 5

5
L3,9

.7
L2,,7

,'l
7.o

.!¡
8.1
.l¡

10.J
.'.5

12.8
.7

.2
a,

96. ?
l¡

Total
Ave.

a

bttt'
Ho
{\0

., -¡-{,.*-.-_r

\'ù¡F"ùrq, - -

{3ú/Ë
'r¡..-,.--. -.. --¡.è'1.: :-,./,,.:i . 

",.a

Ks002122
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lsble82. Betr¡ra flor frc¡ Canrtle¿d Canal in lebrasks - 2r!60 acrcs

Acæ-Feeù

lqtrlIeF. Åpn. ¡tey Juna Julü &9. Sçt. 0cü. llcrlr. I)cG.Icar J¡¡r. Fqb.

t929
1930

1931
1-9t2
TÐ3
l9llr
L939

1936
L937
r938
L939
l9l¡O

:...,

..1
rI

¡1
t.l

.1
rl

oC

¡2
,È
.1

.1

.1

.l-

.2

.3

.1

.2

.l

.1

.2

.2

.1

.1

.2
0

191¡l¡
191¡5

! ''rl'.1 2
2

o

o

a

.3

.2

.2

.1

r2
.2
iz
.3
.2

.2

.2

.2

.2

.2

tÌ
.1
.2
.1
.l

.1

.I

.2

.3
a

.2

.2

.1

.2

.2

.1

.1

.2

1

.1

.1

.2
#
.1

.l-
0
0

oG

oZ

.3

.3

.7

.5

.3

.3

.3
,2
.3
.3

,2
.2

.2

.2

CZ

"2.3
.l¡
.2

e1
.1.2

.2

.2

.2

.3

.¿

2
2

1
I
2
1
1

-l

.1

.l

.1

.2

.2

.l

.2

.1

.I

.¿

.2
,l
.1
.l
0

1
T
I
2
2

,2
tZ
.2
.l¡
.2

2
2
3
b
2

.3

.2

.2

.3

.)
I
I
2i
t

.2

.2

.3

.lr

.2

.1

.2

2.0
2.0
2.5
3,8
2.,

2.5
2.b
1.8
2.5
2.7

.1

.2

.I

.l

.2

.1

.l
0
.l
o

.2

.1

.1

.2

.2

.l

.1

3
2
2
3
3

1
I
3I
I

2.2a

, a

3
.2

2
2

1
1
2
I
I

co
,.;i{'¿.

L9l¡1
r9¡¡2
r9l¡3

.I

.l

.2
rl'
.l

t1
,3
.t
.l

a 1,5
L.2
2.1
I.l
.8

t
t

a

191¡6 .1 .1 0 .l .1 .1 .2 .2 .2 .2 :-' .2 .? ,1."?
19u .I '.1 ,t .1 .1 .2 .2 .2 .3 ,3 ', .2 .2 2.1

Totrl . 2.5 2.3 2.a 2.2 2.? ).3 3,8 l¿.o ¡¡.8 . L.Z 3.7 !.3 :1.8'€

D:l
!t
Õ'Fo

. -' .'. ..-: "...i 
-';l. - .t\. ,..-;L.--J.: r

KS002123
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I
1¡li1e8./. ñ,åtr¡rä ftgt,""-U" Co¡rtle¡d Ga¡s¡. abovc ssar¡di¿ Divrrd.on - 23rooo leres

0@ Acrc-Feet

Year. Jan. Fob. j t¡ar. ¡tpr. þ¡r ;tr¡m JulV &e. Srpt. Oct. llw. II¡c. Iotal.

t929
Ìt30

193r
1932
Ip¡¡
1931¡
t?)5

1936
1937
1938
L93?
191¡0

191¡1 1.1¡
19¡¡2 0.7
191¡3 0.1¡
r9l¡[ 1.2
1tb5 o.l¡

1.0
o.g

Ì.2
1.1

1.1
l.o

1.1
L.5
I.?
1.O
L5

o.g
O.9

1.7
1.6

t.6
I.g

2.6
2.O
1.7
2:6
2.\

1.6
1.5

2.\
1.8
r.>
Z.lt
2.2

1'1
o.ó
1.9
o.5
o.g

r.3
1.2

I.2
1.1

il¡¡8
U.?
-rË.t
15.7
20.1r
28.1¡
18.9

l.o
o.9

o.
o.

9I
r.3 ¿

1.2
1.ó
1.5

1.9
2.0
2.6

1.3
l..J
1r?

o.g
1.1
1.r
1.5
2.1

2
7

I
6
I

1.
0,
2.
0.
0.

I
5
6
5
7

o.
o.
1.
o.
0.

o.?
0.9
o.g
1.3
1.9

l_.b
L.l¡
2.A
217
1.1¡

1.?
1.?
2.\
3.1
1.8

o.8
o.g
o.g
Ì.3
1.9

1.0
1.3
1.O
o.g
1.3

1.3
0.ó
0.3
1.1
0.3

o.9
0.9
1.3
1,8
1.0

'1.3
1.O
o.t
1.3
1.3

0.6
0.3
1.0
0.3
o.,

1.1
1.1
1.5
2.L
1.1

0.?
0.1¡
1.2
0.3
0.6

1.8
1.3
1.1
I.?
1.6

2.1¡
1.3

o.8
0,5
1.1¡

2.0
L.5
1.3
2.O
1.8

2.lr
1.8

1.lr
1.1¡
r.g
2.'l
1.¡¡

0.9
0.ó
1.ó
o.5
o.7

I.?
1.?
2.1¡
3.3
1.8

r.5
2,1¡
2.2

1.3 Ì
1.3
L.1
2.1¡
1.3

1.8
1.3
1,1
1.?
1.ó

ts\¡
\o

o.8
O.,
r.b
0.1¡
o.ó

o.g
Ì.3
o.g
0.8
1.3

1,5
1.2
1.0
1.5
1.lr

2.o
L.,
1.3
1.9
2.8

20.8
L7.5
il¡.5
20.2
20.1¡

1.2.1
6,5

15.1
7.1
7.1¡

3
5
)
1
3

1.
0.
0.
1.
0.

0.1¡
o.6

1.1
0.6
l.g
o.5
o.9

191¡ó 0.6 0.1¡ . O.5 0.8 1,0 1.1 1.3 1.5 1.? 1.5 1.3 1,1 12.919b? 1.0 0.8 0.8 l.O I.2 1.1¡ L.5 1.9 2.0 t.g 1.5 l.b t 6.l¡191¡8 1.2 I.0 I.0

1où¡1 2O.g L?.t 18.1 1?.9 "20.8 zb.O 2?.O 3à,7 3t.S 32.? 26.9 zb.O !e'8 ¡

KSOOZ124
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Tab1e 82. Bsturn florr froo C oottrlo¿ Cena1 ontoring river belor¡ Scanùia Dtvenstcin /

100

1.r
1.0

1.1
1.0

r.2
f.2

1.0
I.2
r.3
L.7
2.4

93
93

1
L

+e33
1934
L935

a

1929
r930

t
2

o.g
1.r
1.1
L.5
2.t

0.ó
LO

0.9
1.1
1.1
1.5
2.1

1.r
L.5
t.2
¡.o
1.5

1,1
L.1
1.5
2.t
L.1

0,7
.4

r"2
.)

5

4
1.
L.

1.0
0.9

L?
t".t

1.3
L.2

8
I
I
7
)

2,
2.
I.
)
1-

6
6
2
I
6

r.0
.6

1.8
'a5

.8

r.5
1.4

1,.
1.
1.
\,

L.2
L.3
1.1
2.1+
r..3

1.9
t.1

r.8
2.L

2.O
r I;8

r,g
L,7

r.3
. 1.2

1ó.9
];r.6

r.3
I;?
1.3
L.1
L.7

0.6
r.1

2,O
r.5
r.3
2,O
1.9

2.8
2.f
1.6
2.7
2,6

1.l+
l.ô
2rO
2.7
r.5

0

r.4
1".4
2.O
2,8
1.5

2.O 2,O
2.O
?.7
3,8
2.A

2.L
2.L
3.0
4.1
2,2

1.6
r.6
2.2
3.1
1.6

2.2
l.'l
L.4
2.2
2.1

T7
17
23
32.

2
9
5
6

2.0
2.7
3.8
2.O

a

o

2r.¿

r936
L937 ,
LrSe
1'39
19l+0

1.1
I.5
1.2

1.t
1.1
1.0
L5
r.h

ìa
L.7
I.1
t.7
1.ó

û..j 2.O
1.5
1.3
?.0
1.8

3.0
2,3
L.g
3.0
2.8

?.3.9
20.0
16.8
z3.L
23.5

L3,5
7.4

J..7.7
8.,
9.5

a.6
18.É

r.o
L.5

L17
1.5
2.2
2.1

c) 1941
L9t&
L943
1944
r94t

19¿+6
L947

o.9
L.2

1.1
r"4

L,2
¡l

2.)
.6

1.0

1.8
2.1

1.1+
L.7

1..0
,6

r.8
,6
.8

1,4
.8

2.5
.7

1.1

L.2
.7

2.2
.6

r.o

0.E
.Il

L.l+
.4
.7

1.4
.7
'l+1,2
,3

r.6
'8.5

1.4
.4

1.

1n
1.

I.4
.7
.l+

r.2
.¿r

o.g
.5

r.ó
.5
a'l

grF

JH
,.4!,í,:;
ür

l.lr
1.7

1.9
2.3

I
5
6
5
I

3
6

3
6

L
rn

.Average L.2 I.I

y Return florr fron an

L.3 fii 1.ó 2.0 2.2 2.0 1.6 1.Ir I8.0

'rÍ;'l I

Ë
Gt-(T

f\
a

KS002125
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Tab1e 83 .Retuns flor from l3rOOO acres unCer the Scar¡dia Cgnal_

- 10OO ac
aneal

:¡¡
:0.? ¡ O.ó¡
:0.7:0.ó¡
!t:
¡0,ó :0.9¡
: 0.1¡ ! o.l ,:1.1 ¡ 0.9¡
¡1. l¡ ¡ l.j:
,A.5 ¡ 0,5:
:::
¡I'2: 1.1:
:l.C ¡ 0.9:
:I.o :0.8¡
:1,I ¡ 1.0:
¡I.2 :1.I¡
::r
10.ó:0.5:
¡0.3 ¡ 0.2¡
¡0.7:0.7¡
¡0.f ¡ 0.I¡
¡0.5:0. l¡¡
:¡:
to,7 : 0.?:
:0.9 ! 0.9¡
!:!

0.E
0.8

0,7
0.5
1.3
r.8
0.ó

\5
1.2
r.2
1.3
r,5

0.7
0.3
0.9
0.L
0.ó

0.9
1.2

0.9
0.9

I.0
f.J

0,8
0.8

o,7
0.5
L.3
1.8
0.?

1".5
r.2
1.r
1.3
r.5

o.7
0.3
0.9
0.1
0.ó

0.9
I.2

.!'O.7 
¡

0.7 ¡

0.ó :
0.1 :
J.l :
r.5 i
Q.5 t

r.2 :
1.0 :
0.9 ¡
l.I :
L.2 z

O.ó ¡

0.3 ¡

0.7 ¡

0.L:
0.5 :

0.7 :
0.9 :

:
A.5 ¿ O.ó
A,5 z O.ó

0.1¡ ¡ O.5
0.3 ¡ 0.3
0.8 ¡ 0.9
1.1 I 1.3
0.1¡: O.t

L.0 ¡ l.l
0.8 :, 0.9
Q,'î z 0.8
0.8 ¡ 0,9
l".C : I.L

0.1¡ :. 0.5
0.2 ¡ 0.2
0.ó ¡ O.?
0.I ¡ 0.t
0.1¡: O.¡r

0.ó ¡ O.?
tr.? : 0.8

a

0
o

0.
0.
0.
L.
0,

0.
0.
0.
0.
0.

l¡

L
3

7
0
l¡

I
ó
6
7
B

l¿

2

5
l_

3

6

Q,5
o.5

0.1¡
0.8
0.ó
0.ó
0.7

0.8
0. ¡.¡

0.2
0.5
0.I

0.3
0.5

0.5
o.5

o.
0.
0.
t.

0r
0.
0.
0.
0.

5
l.

2

7
c

l¿

I
6
6
7

0.8
0,lr
0.2
0.5
0.I

0.3
o,5

:
L929 r 0.6
l93O : 0.5

1.93I : 0.5
1932 : 0.1
1933 ¿ o.3
rglL : 0.8
1931 : ].t
r93ó : o.l¿
L937 t L.C
1938: o.?
1939 z a.7
l9l¡O : O.B

I9l¡1 ¡ 1.0
t9l¡2 : O.l¡
IgLj : 0.2
l9l¡l¿ : 0. ó
191¡5 : 0.i.

r9Ló : 0.3
t9L7 r 0,ó

ts
co

I0.
fi.
7.

o,7
0.5
1.b
1.9
0.?

0.5
0.1+

0.2
0.?
1.0

0.

1.6
r;3
1.3
I.L
r.ó

7

3
0
1
ó

0.
0.
I.
0.
o.

0.
0.
O'

0,

0.
0r

2
3
?

L2,2
1r.5
r0.3
u.5
L3.2

7.7
3.5
7.3
2.5
b.ó

6
I

7

ô'rì /.(

lC

I.S-
r,t:¡,i i¡ ,- c

..:

a.s- ê.3' a.6 a, v r',í ¿, ? /, oAv. â.6 a. J'
ê.7

rÈ
fr
l:,l

U)
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rater gurfaca evaporatlon rates, fron Hays , Kansas '' ì. t:

evaporat"lon pa¡¡ rscords

t - fnches
Year ! 

=,AP+ 
¡ , ttqy 

={ 'Iu=11 s

L929g/5.2.5t 5.00: 7.l]9: B.?B: 7.972 6.62¡ - ¡ l¡r.n
r93o ¡ 5.1û r 6.30: B.}?: ro.33 t 9.2L: ó.oo: - : l¡5.1¡r

7

B

.lb

.51)

.O?

.38

.5e

.b3

.59

.18
,92
.20

.37

.79

.Bl¡

.00

.39

l¡
7

.7

.3
L3

\s
l¡l
53
62
bB

,5
&
&
70
5ll

h6
116

57
L¡
t$

5):
55
5lt

.

5,ob
7.96
6.93
,.2t
3.11
I¡.06
l¡.óo
3.6
b.2r

3.69
7.r[
ó.o1

.91)

.?B

.90

.L9

.oB

.55

.06

.96
72
hó

7L
)7
79
8B
rÉ

91
.oó
.l¡1

10
5
7
6
7

7
B

?u
6

7
5
6
5
7

6
u

B

99
9l+
36
27
óL

)6
1B
22

.22

.57
t$

.11

.æ

.77

.68

.19

.57

10.o

B.
B.
B,

12.
10.

11.
L2.
13.

B.

B.
6.

L2.
u.
6.

I
9
7

LL.,2
9.7r

7.O5
6.3L

Lo.75
9.00
5.ol+

11.21
6,Ifi
7.63

It
7
B

B

T2
?

6
]B
70

.31

.36

.76

.19

.o5

.2r

.73
,où
.h¡¡
.ll¡

.3b

.69

.zlt

9.
10.
II.

ylr
rb.l¡o
11.82

Lt
72

t3
1

L2

9
10
1l

B

9

11
I
B

e5
29
10
B9
I+y

.9a

.79

.70

.18

.69

.57

.10

.17

.Jg

.91

.16

.01

.97

.31
L5
23

.O9

.00

.97

.12

.81

6
6
6

10
5

6
7
5

10

I
6
7
6.

l¡.13
5.tß
6.1¡l¡
6¡59
6.85

ó.87
6)û

.6.13
6;27
5.91

h.Lt
l¡.68
7.L2
3.33
L.n
6.91¡
3,)3
B,?6

1931
L932
L933
1931r
Le35

L936
L937
1938
L939
19h0

1911
19L2
1eh3
191¡l¡
r9l$

L9b6
L9lr7
r9L0

7

¡
6
6

5
5
7

I

Avg

!
v

April, L929 - June 1937 are Bureau of plant fndustry sunken pan
readlngs nultlpllod by 0.91¡.
Ju1y, 1937 to present are u. s. lyeailrer Bureau p;ur readings nultiplied
by 0.70.
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'', *..T"bL"[86 .,t,¡rqe,rater surface evaporation rates from Lincoln, Nebraska

I ." '.' , li'il. ^lìevdporaülon pan recoras, /.'
(Unit - Inches)

Tear¡.Apr,l Xay: June: July; Aug.; Sept.¡ Oct.: Total

' :.
.. ¡ ''
-l
...!

tl.'
t.,,

a. .'

t'

L929 t 2
L93Q : l¡

.92

.20

.38

.Llr
,32
.31
?L

7J
o1
27
l¡¡+

u
00
2b
77
2l)
BO

l¡.rlr
9.t.')

5.rB
6.jI
5.28
9.9)
2,69

5.J5
L.7l¡
3.be
6.6r
\.35

99
.)2

35
lrr
t_B

75
BB

5
7

I

5
I
9
Ir

l¡5
llt

27
8l¡
't5

93
B6

7.52
6. L7
5.tt
6.n
5.8'.t

IO.

.BB

.8r
,7,;
.36
.35

6

7
B

6
T2

B

11. B5

ð.l2
1 .5';
'1.50

7.r9

I.t5
6.5't
6.26
6.29

'9.08

29
ol 6

6
6
5
7
6

9
I
1
6
t.

6
)6

B9
7l¡
05
76
8?

0ó
8I
ü!;
1'/
l0

l¡

1
3

6t
9B

l¿f
5L
5Ir
Lr
5lt

)6
9l¡
o7
90
c7

rr)

r)1
I5
16
6)

1B
IL5

2
It

Lr

b
3
3
2

)
l
b
3
3

5o
53

28
ot
79
99
25

t6
6)
5a
77
?I

25
5)
97
r0
30

B5
,78

3r.u
lú.6j

57
6?

1931
1932
r933
1931
L935

1936
1937
I93B
L939
}?¡¡0

191¡1
1912
1tù3
19bb
LeuS

19b6
19L?

L
b
It
6
3

t
L
l¡

L
3

It
l¡
L
?
2

5

'l
5
5
L
l¡

)
5
I
¿t

5
l.

L

)
l
)
It

3
ó

\t.tz
l¡1.71
lro.l*g
5l¡.6Y
13.30

IrB.Ll
ìJr.92
36.:ll¡
l:L.52
)2.92

Ir

)
l¡
ù
)
)
3

L. p6
l¡.'/5
5.511
5.36
).97

't.tó
5.59
5.6t
5.61!
5.25

2.
L.
2.
2.
2.

35.61t
30.61
13.11
2g.Bo
27.21

L.tr
cat

?9
l¡¡

7.
L.

19
9t)

ó
5

LO
1L

b
7

l.L
33

Avg.: ,l¡.0o-¡ i¡.82; 6.2o z ?.{J0: 6.1¡0 ¡ l¡.gl¡: 3.?5 ¿ j?.I¿I

y ìfeather Bureeu ¡ran recortls rnulLipliecì by O.?O

I

1,Bv
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lable 87 , Gross e'¡eporation ra*"e at Harl-an County Reservolr /
Unit - Inchcs

Iear: Jan.:Feb.:Xa¡.:Âp!.:¡{ay ¡Jqqq: Ju}y:Ang.:Sept.; OcL. !Nov. rDec.:Tot¿i

05

93
93
93 .39

,IÌr

8.27
8,?2
7.69

1r.29
9.79

07
76
00
LZ
5z te..u

61.53
6b.59
6l+.1I
7)J.26
58.73

10.1+5
IL.20
12.r7
9.25
6.61t

58
53
6z
7L

5r
62
l¡9

,20
,20
.?0
tn

,20

,¿v
.20
.20
,20
.20

.¿v
,20
.20
,20
.20

.20

I
I
I
L
I

I
I
I
1
I

T
I
I
1
t
I

.ðÞ
,65
.6
.5)
.oz

.65

.65

.55

.2t

.65

.65
,5,
.ô)
.65
.69

.tt

.65

2

2
2

?

2

2

2

a
t
2

2

2
2
t

2
2

7o
70
70
7O
70

70
ól¿

32
38
79

86
73
21.

37
B7

LO

5lr

b.
L.
1..
),

i{.

L.
L.
7,I
L

2.

t.
3.
3.

3.
6.

t0.06
5.32
7.27
5.to
5.52

6.eU
7,\2
7 ,32

]c. 7t
5.eL

?.ro
¡;.y l¡
6.25
5.!r
6.86

.lr2
,92
.38
.18
,10

I
5u

11
6

I
11
ìL

l1

t
6
9
¡¡

7.88
7.8r

10.1I
6.99
6.07

7.98
r[.21

8.66
10.09
10.38

?.9¡r
8,59

10.6ó
9.II

o.þJ
5.93

10.11
8.1+6
1..?l¡

I0.51+
6.08

.87

.36

.21.r

.&

.c]

6.07
7,;2
i¡.9C
g,5r
7. [s

ó.oo
6,79
5.)2
5.78
5,7A

6l
211

03
97
a.a

o0
)1,

25
BL

58
?o
38

01
26
LB
03
3L

32
03

20
20
20
2C
2A

20
20
20
20
20

20

l¿

lr

6

5

)

¡l
L
6
?

t
6
3

20

20
?o

t^
2A
20
¿v
2A

20
20
20
2o
?o

æ
20
20
20
20

20
20

2

?
2

2

2

2
2

2
2

2

2

2

?

2
?

?

2

I
l
I
I
I

I
1
I
I
I

I
1
I
I
I

I
L

I
l

1

I
1

I
Ì
I
I
I

I
1
I
I
I

I
Ì

.c0

.tlo

.00

.00

.00

.00

.00
.LìO

.00

.00

.00

.00

.oo

.00

.@

.Cþ

.00

I
2

3
3lr
35

Ti
T9

936
93'l
938

]
l
]

:12 , 9l+

:L0.52
¡ 1I.33
:13 .51
:}}.12

9.20
7 .21]

Lc. E3

9. 13

t
I
1

8o
03

5L,39

.23
50,LÊ

Avg.:1.@¡1.20¡2.2Q;5.ttr6.33:B.l_g:I0.1¡ó:!.01 :6.g1¡rl¿,.67:2.65:1.20:59.96

20
?o
2Q

r9h1
I9Lrz
19,1r3

IgLL!
l'9l45

t939
IgLO

eL6l-
19l.¡7

Þ
co

59.t8
59.61.tr.20

6.36
.18IO

5.

':t!' Ê

c,

\J

V (¡pt. - Sept.) 1929 through 1936 and (Apr. - Oct.) 1937 ttrrough 19L? based on correctlon .¡è,"-

factors for Hays, Ke¡tsas. Other nontl¡s estluat,ed fron ldeyerri rrp". (Àpr. - 0.91, llay - O:g5,
June - 0.91¡, JuIy - 0.9L, Aug. - 0.92, Sept. - o,92, and Oct. - o.9z) ..;": 

".-.

!1 ea riti,r- ¡rr"
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Table 8l . Gross cvaporatLon ratc et lovsrell Resævoir 1,/

(u¿t - lnches)

f

Oct,. Nov. Dec. Tot¿IAJrurclÁ¿r.ïeer Ja¡¡ Feb

r931
L932
t933
193!

.!¿I.99
9t.65

,55
.55

¿

2
6.oo
6,?l¡

l¡.¡¡7
5.æ

.7

.?
.,

.L5

.L5

.L5

.l>

.15

.15
,ú
.L2
.L>
.i)

.L5

.L5

,15
,l>
.f5
.15
.15

I
I

l_

I
1
1
I

I
I
I
I
1

1
I
I
I
I

72
9¡r

6
¿rI
13

35
L5

88
YtJ

90
13

5o

)]5

.5

¿

l
l¡
¡.

L
L
2

?

ì
L
il
?

2
¿

)
¿

2

¿

L

35
eI

63
12
bz
L2
¿o

6.?2
6.89
l:.72
E.co
L.l¿

.37

.l¡g
'll.6
.JÕ
.)7

,69
.l¿8

,
6

I
A

6

5

79
83

ít
5t
28
35
c2

.75

.98

.I)

.IO

.5¿

.26

.I0
'tA

.79

.Lö

.33

.¡16

6
10

I
9
7

r3
9

L2
a

ÊU

I
I

6,36

8.20
7.c5
í?o

.91¡

.00

.92

Ito
I8
0l+
5¡¡
7')

eu

5
I
7

82
7o

90
97
8lr
07
L'

L2
ìo
78
97
L8

L8

.L5

.15
I
I

o.95
o.g5

o,9t
o.9,
o.9t
o.9t
o.9i

o.9t
c,?5
'i.9i
o.95
o.95

2
l+

l¡
l¡
L
7
L

t
t-
t
3

t
L

;
t,

.10

.10

.10

.Ì0

.r0

.10

.r0

.I0

.10

.t0

.r0

.10

.10

.10

.10

.10

.10

.10

.10

¿

2

2
2

2

?

2

¿

2
¿

L

¿

¿

¿

2
2

¿

2
2

L929
1930

t935

55.1¡r
,J.>t
52.25
61.55
l¿l¿.30

63.75
,). t)
17 .18
i3 ,tt))
L3.90

16.83
l¡1.33
l¿l.l¡5
l¿0. L¡
37.7L

H
Þd
H

e

v

I

2.55
2.5i
2.55
2.55
2.55

¿.>,
?.55
¿.>>
¿.)>
¿.>>

2

2

2
¿

2
2

3
lr
i.

3
a
I

7
1
I

II
7

9
9
7
6
L

7

6
t
5

l¡
7

.30

.Il¿

.35
.22
.28

.æ

.ll¡

.L7

.>4

.)o

.t8

.9?

.01
cR

.>o

.6

.5'

5g
8z
70

I
6

r..u
1.15
I.15
1.t5
1.15

1.t 5
r. 15

ì tí.
1.15

¿.1,
1.15

L,T5
I. T5

1.15
1.15

rc.63
L0.72:I0.82
2.9a ¿ 5.3a

¿.rt3ó
L937
I93B
t939
rtio

L9146
r9L7

AvÃ. ô,/.t- /,/.f 2,/a 1,4( J;2t ¿,77 g.+î b,vg J;?.î i,J-,5- :,ê-S' /'/8' *g'îþ-

Nov. - Ifar. isti¡natcd fron lleyerrs naps. Apr. - Sept. based on correctlon factðr8 for resords
at Llncoln, Ncùr. (Apr. 1.12, ùfey - 1.08, June - 1.09, July - 1.08, Aug. - 1.0ó, Sept. - I.09,
and Oct. - 1.09)

6
t¡

v
T

I+Z.lt¿
lÉ.oz

02
L¿73

8l
b9

1.15
l_.15

.55

.2>

,))

.95
55

I
I

,
7
6

,
6
)

7
I.

5,78
>.L¿
3.77¡.1/.t4
L .70

5.3e
L.23
l¿. ZC
L.76
3.Ll

L.c'5
1.19

.(>

.3!

.5r
'r l.

e5
e5
e5
95
e5

e5
e5

o
0
0
0

0
0

19Lr
Iglrz
r9L3
r9l+l¡
L9b5

l-{
co
l\¡r

I
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Teble 89-- Preelpitatloa at û;1ea¡e, Nebraska Inchee

,€5
.9?

.8O

.05

,1U
0
c
10@

o.

êr:
192 9
1930

lc2t

193 2

1sîs
1 934
15ß S

l ozr
1S.€ ?
1c?t

1!r4 0

l.941
1942

b,i

¿.lc
1.90

r40
1.35

E l'f

.45

¡95

¡ JU
ÉÊ

a^
õ,

.gd

te
1 î¿t

,l. ¡3 ¡

ì It
1 Z,'

1,5?
Ã,

1.36
4,40

I ?O

4.lC
.Å5

1.OC
4ta

t.et
5.39
1.30

10,18
6.?0
Ê cl

2.5-o
4.31

t'J.:'(
3,:: 7

3 .16
2,05

.55
?1
¡t1

.77

2.05
.79

4,71
5.84

0
L.55

U

0
1.53

.31

.l¿
1^ô

l9.t'2
52.et

24.+3
2Q.97
2?.56
19.49
23,74

t tr ct

1g.cr4
19.09
l7.,qg
ìõ tq

õ8.CC
2û .99
1e.15
26.70
1ô.50

29.95
21.90

o
.60

I
.0

.e0

.25
t
t

t

¡

I

3.48 : )..74
5.66 ¡ {.2õ

L

z

2 .60
0

.90

.90I

.?g

I
1

Ê
0
o

0
1..90

0
.1C

oq

.1o
1.2 0
' .25
,70

1..00

1..?0
rõ5
.i0

12q

¡Cl

7<
lô

r
loa

.oJG

4,+6
il,{¡
¿4.71
l.{ 3
gr . CÐ

s1,i5 It.t t

1.90
.6C

1.S0
^q
=n

].9õ
5,41
, 01
ì to

1.gc
.77
o

.ù f

.75

3,22
l.EL
5,65
1.10
ì 1?

t
2
2

1
7

6
¿

¿

4

!"
1'¿4.

.Sê

.98
¡0?
.?9

.43
r84
.?8
c?

.lz

!R

7C

c

2

2

I
I
I

l.s0

1,36

1.€2
1.4?

.4C
1,45

e0C
0

.6C

.C5
1,'¡

.5O

,i4
.41

? .91
I .99

,89

.9?
2.46
I É^r.dJ

.99

r66
2. E6
?FC

2.45
.89

o?

,44
.38
.?I4.59

6.4€

2

I
z

1

.C5-

1943 g
1 e,â. 

^e-/.irlrg¿

ts46i,
\vlTy

,70
1.eg

.70
1.50

rloë f

s.l9
5.10
7.22
4, 85

2.41
L.87

,€Z
I.71
2.e3

.43
2.21
6.r2
1.{.0

5 .99
å ¡ ,);¿
1 .!a

a.¿t
L,3g

4 të4
t.27

¡ll
aTç

t .?8

.07

.e5
1.0c

o^
.10
4ê

¡ùl

.10
,24

?.1.4
8.30

2tn

3C?

5.4]
1.e5

5.59
1 .71

I
¡l!

t)i cl 'l Jt1.'j
5f t | .-,.2. , t .7.t\' '- ¿1. I r,¿r, i -'i., | .i'., (,4

Ël¡It
iJo

\o
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'labl''eflA--- Prrclptratiäo ät Brrr 0È, Kansas -- Inches

Yo-z.r .. êIi¡ !

192Ê t O.l5
1930,: 0.?1

: Itar. ¡ t, ¡ Oct. : Vo 3

o.89
0.37

o.ñ2
0.89
0.08
1.67
1.06

O..X ¡

0.36 ¡

2.08r
0.78¡
2 .04:
0.3 9:
0.5i;

0.06 ¡
1.70¡
0,cs:
1.tiê r
1.3"c ¡

0.8S ¡
1 .19:
0.2ö :
¿.Þo:
0.45 ¡

1.79¡
1.6? ¡

i

Ð. ¿o
2,92

0.?g
1.17

l. .19
1.49
1.35
Ã o,

1.34

1.69
0.60

1.12
2.OZ

e .11
2.60
c.09
c.E?
1.94

9 tD4
t 7c

.ì Ê¡

1.77

2 .93

o.s4
l.It

o"32

l.?6
Lol4

a 1,

0.1¡
c.21

l.l*
0.c3
0.03
1.1{
0.06
2,4¡

I ¡.Jg

c.?5
0.24
1.98
0.04

3.05
1 a,

2.P,7
0.9?
2 .91
1.æ

I.41
0.95
?. 11
I.11
3.?õ

0.11
3.36

a1

.78
¡éO

¡tü
.59

3.42
¿.54

:62
,19
.0€

.'\ na

! 1r?3
.teÉ
r ô.?6

e Lr77
z 8.24
Z 4, ¡J*
.ì I t<

¡ ?.59

I 1UcÞõ
r 5.3õ
, 1.52
r {.20

83 1
I
1

1

3
0
0

.57

qa

.59

.M

92.13

,15

2

2

I
z o<

.Þõ.45

,98
ot

.57
¡ l,Õ

.43

..¿
t'¿

?,5 .6 g
19.4 5
2C.t2
1t ôÐ

?t,.02

.49

11

,uf
.õ3

.1?

I 0.õ9
't Âì

].gg
¡.+1
4 c L9

¿

o

a

'l

2

6

0

.7õ

¡a -1

¡ÈJ'
.01

.5ô

1
I

ì
2

l
2

+

o.o¿ ''
. O.?2 : ZJ.O9

0.9-1
e.5c
1.6,4
c,¡ê
0.1.5

0.79
0,17
0.08
o,i2
1.lC

1t ?Ê

2C.3',|
9ì' e^
23.99
23. C1

10<t
193,1
Lç31
19¡ s

1936
le¡7

ì c?c

l94C

1$1 l
194 ?

I 943
1S44
194 5

1 946
1 34?

(),21
¿.o+
0.1?

^tt
o,o2

.Ðö

.87
Êt

2.27
lôô

6.00
1.?9
4.01

ç

q

I
1

0
I

I
I
2

3

27
¡1tr

@

!
t 0,37
¡ 1.49. ^ âå

. 
^ 

aq

I
: 0.1!

0.õ8
0.4 1

o.c4
3.1i
7.4?
a' ,i

:".9.q

til

.74
Q?.

3.52
L,.tÞ
1.26
0.17
l.]9

0.3 7

0.51
1 tt

0.75
0.?5

2 .lil
, 7A.

5.40
7. tl

2 .84

¡

L5
o6
71
45

C.
o.
1.
o.

0.46
c.68
o.E9
0.55
¡ì ac

2,t9
1 ,51
o.? I
0..52
1..{8

óÐ.þu
29.!o
20.Di
32.41
25.38

24.90
2?.êO

?

I
ó
Ê

4

0.04
0,30

a.¿o t o.4L
?.å5 : 1..35

!

09
+T

0,01
1.70

.4::¡ , O6q . a.êg 2 /,/O',, t'.49 z 3.36 1.(,o I I 32¡ .. t,+3 . /.o7 s ë.,73 ! ts-
Ê
I

t-'
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lablc 9 I . Net evaporetlon rate 'at He¡I¡n €orurty Resenrolr !/
'(ur¿t 

-"inchä's)

rl

ïear : Ja¡r. : Feb. : lde¡. : Apr. I : June ¡ : Âug. : .: Oct. : Nov. : Dec. : Tð{:af

3r.ó8
.20

-o.0I
-1.11¿

z 5,ffi
z 3.28

L929
23

13.39
2l¡.81
1r3.88
22.53
3L,92

I
1.20

0
0

-Ð
o
I
0
I
I
0
0

0
0
1
o
rì

I
o

.20

.89

.80

.25

.Lo

.20

.Lo

.15
,I0
.70
.50

:20
.30
.10
.91¡
.39

.20

.¡¡1

1.00
4.32

0.05
2.55
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UÑIfED SIÂTÉS OEPARTI¡ETII OF IHE INlENIOR
BIREÂÙ Of REC!ITÂTION

llSsouRl ntvER 8^stf PnoJECT

RESERVOIR. OPERATION

LOVEWELL RESERI/OIR

a0nE9 |REGßED 36,900
ÂtrER 50 YEÂNS OF OPEFÂNO{

tg&Y}.gtgor 36,00oAs.-t..r
oa€ Srorcga l¿pooÁûa-trt

LOS9ES

lr@porlollon 35 f
F@ lfcal.oôd 0a.Þ p.rcobfl.ô ¿J¡

t¡43 ¡944 t945 te46 t94?
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Î¡blê ?5 NESERVOIN OPERÂIIOI{ SI'¡î4RT
HÂRIÂX Cü'T¡1r üID I,OYEIEI,L RESERVO¡NS

t¡NtÎ lr0oo t.¡.
9orm Àe!.r

DGtlDlùr Pl¡! Inflor u.d tn tLl! !ùEdr 1F1B¡tt¡6 9O,0OO ¡cþr ol rlllch ,61500 ¡Þ s¡dù lacycll

lrbb 95 I

i#,

à../
4ft

Fn¡klln & R.d Cloud
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Court¡¡[d, lltbnlk¡
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i, ìr l/í ,
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¡bovô lþv.rcll
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6.3 1.8
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a¡¡d

Inftor / Scepage

3\4,5 27.4
,5æ.3 20.o

Summary of Harlan-Courùy Oporation Sùudy serving 8O,0OO
screô wlühout Lovewell. ]r/

, L929
,':W9l

194I
L9t+2
1943
194l+
L?45

29.L
26.9
32.O
3?.5
26,9

38.0
27.5
3).2
I+3,5
2L.6

Þ.5
23.5
35.8
21.6
28.3

Dcnand
on
Reser'tr.

L68.3
1ó9.1

L90.5
134.ó
111.?
t55.7
L79.5

12I.8
3r.3

142.L
42.6
89.8

Content
end of
ïear

ró5.8
250.O

L59.9
r52.8
202.7
85.9

25O,O

t13.0
g7.g

r58.ó
Ltz.2
82,6

250.O
250.O
rl7.ó
zl+L.6
194.0

0
o

59.Ì
7.3

13.o
1.?

Shortaroe
Splì-ls Ac.ft. Percent

233.0
227,0

,1931 .26r:6
iI932 .; L?9,3
,oLg33 ".239.ti
i'.1931+it 164.ó:
::L9J5 .'.tt2t¡:I
fllr:','li¡:' ', ''
it.Lg36'i'..'2t 5,7 ,

tL|V,l .,:'13ó.4'
:1938 'i.315.6
1g3g 2ú'.2
rg40 10ó.5

L32.
1Ì4.
r54.
26L.
72L.

6
5
o
7
5

194.0
45.O
2.5

4t.3
419.0

]-5l+.2
0.ó0

0
53.h
o

194ó 527.L
L9l+7 664.2

Avg. 356.4 2ß.5 f36.0

L/ Besln etudy inflow.

64,9 L5.2

324.8
528.2
L66.1+

339.7
233,6

329

203.6 ó.9 I.ó

626
583
211
527

5
0
I
I

304.1

0
7
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28

3
o

I14
1J+9 577
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r59

I
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Ræk AlYcr .l!ø Totst ¡t¡d oa b¿ ol
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EXPLANATION
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I

lL---t;u. ¡tadlo stalim (5287.5 and 320?.5 ulocy"reffIo
q--Flðed-¡.U.- Radlo gt¿ tÍq¡ (lro, ?OO k11oc-yclêB )
EL :Í!xed Â.U. æd f .U. ll4dlo StåtloE. (Àbqee

' lleqwncfee)

- 

C4t!:al omtrcL SLatlor CorbÐ1€tlon Ll¡es,
(raßtirs)

- 

Othæ A.!,f. coruicatlon LLnes. (fvlB¿tng)

!iE!:,JCIJi I,¡CE¡D
R/toto

o
ç)

In¿icstes epproxiEte rêdlE of f,txed exf.stl¡g
P.U. Stattotr r¡ithi¡ Thi,êh co@u1etlotr nl1,h
@bll.s unlts r1l! be tal¡ly ¡ellêble.

Indl'c¿t€s approli.Bie ¡edlú of contact vlth
Eobil"e .u1ts of fi-ysi f.!i. S'étÍon to 'æ
iEtaLled at Bæ futro da'uê l¡ tÌ¡e Bosi[i-sk
Dlv1slon. !ì¡t'se lsial]"atlons f,or othe¡
dlvlsioN e¡€ noi sh@.

gÞ-¡
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Indfcatgs êpproxlæte redlw of flJed exisiing
F.U, Stetlor, vlthln shlcb comui,€l1on wi,t¡
Ììioblle rüllE TfLl be f,ajjly roLleble.
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Table 7á . Storage delivery f¡sn Har1s¡ Coruty Rege¡vof¡

ïear I'Iebr.
Basb Sèudv

Kans. lotal f NeUr.

8l+.8
89.3
73.8
77.9

104.r
Ll+5.2

55.9
t26.e
85.2
32.1+

116.6
63,O
l+;0
0

'!Â.

Coopa"cL Studv
Kans. lotál ,..f

,82,9
102.8

82.5
gL.6

137.1+
O).
52,

t5z.

r.1ó

42
18

59.?
58.3
50.0
45,5
68.2
95.L
3t{.7
84.0
73,o
29.0
81.2
50,8
4.0
0

?9,8
0

L7.5
11.9

\J
Cf
o

L9æ
1930
r931
L932
Ier3-
193t+
1935
]'36
L93?
1938
L939
1940
194r
]9l+2
]-9t+3
L9/{¡'
L9l+5
Lgt+6

24.9
3r.0
23.8
32.\
35.9
50.1
?r.2
l+2.8
]'2.2

3'.tr
35.1
12.2
0
0

36,?
6.0

21t.9
6.2

70.6
65.3
67.8
58.4
65.5
65.5
62.r
66.2
85,7
æ.5
69,6
80.6

100.0
0

68, j
0

l+1.3
65.8

28.7
l+I.3
29.8
35.3
55.9
26.o
?4.3
63,2
9.5

10.6
r.9. 5

5,7
o.5
0

4.4
Y+.7
32.2
l+L.6
3t+.5
34.5
37.9
93.8
L4.3
10.5
30.1+
tg.4
0
0

3r,5
100.0

58.7
3l+.2

f Kans. Nebr.

l+7,5
t0.l+
27.O
11.2

54.2
6L.5
52.7
t+6.3

Nebr.

34.6
I+0.2

30
tß
?6v
10

0
r4

10
l+5

23

8r.5
39.?
28.2
88.9
20,8
37.9
56.6
oo

10.0
0

81.6
o

18.5
L2.3

7
5
I
3
5
I
6
5

1
4

Ê

36.t
4),3
40.?
39.6
b6.3
À1.6
3L,4
2L.9
25.6
36,5
4.8
0

36.8
100.0

59,3
L?.7

5S
68
78
7l+
63
95

0
63

0

.4

.6

.1

.l+
,5
.1

¿
6

5
0
4
I
2

40.?
52.3I

1929-l+? l+1?.1 gSZ.r
193û,40 300.4 669.e
Ig/+1+? 91.8 r57.b

32.
31.
36.

LJOt+,2
970.2
?J{9.2

6L.3 " i

62,0,',.,,,.
'5?,9:: 

";Ï. 
'.

',r'.:t';'n 
', l:!'- 1

*- . i r-¡rùî1-
' -.,: "-Ll::ì...

' ',.Ëlii:''
¡ii.i{{qri, ¡i : .

0
0
I

ó8.0
69.0
63.2

471.1 TI+J,,8 't2L5.9

32L,L 5U.O 84i.1
tzl.9 L66,6 287.9

38.7
ß.0
l+2,1
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EXHIBIT 29
USES OF WAlER IN NEBRASKA

.,,+-Hffiæ;
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TsbI¡?9. EtovofRqtr¡btlcsnaivetpâ!¡l¡glíËbrsska-f&såsSta¿rLfncbÊr.looÞa¡s¿ionofHarl,ùCoqtye¡dlovcwc¡ Rcrc¡olrs-

frrlretlon relcoset Urxsâblc nBÈu¡el flg,
_ ,, Î!d ileFlan Co- Eca. r¡BÁ[n" !¡è'or.-l;uÊ. Ststç Ltng
çourt¡anC CNtIR¡d C¡urtluC JàstlÐd
Fsgùs eboE Katrs! lclow Scedlå litrsas ¡bovo ilslag bclov Scudl¡

Yqf Lovq!{cl! 
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tptlq{"ll Lhif t -!ayq,{.ll loewell Unld
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¡llwr I¿s!
K4e!
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ScsClâ
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S¿Âùê L{ha
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7.4
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(r)

1929
19æ

t9rl

1931¡
r9-15

(2)

19.7
20.0

23.L
Lê.3
17.3
!'*.2
17.o
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12.2
26.9
23,2

1À.8
o.

23.6
o
9.6

.+¡'r-
19.8
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5.S
¡6.1

16.9
24.4
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13.o
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25.4
29,t
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3.O
1.0

7.4
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10.4
9.6
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0.8
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e.6
3.r
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8.1
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5,3
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7.5
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0
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2.8

'z,s
2,3
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(3)

y.e
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r.¡ lr.creased Ceplettons to ueet coopaet J,/
.f Present use esti¡¿ted by Cc¡misslonerT\òl

' Total. r:se on strea¡¡

3.L
o.ó

-?.0
0.7

17
t.!

J.0
0.?

'ìâ
0.2

a
¿¡. >

111

0
tc.?

U.lr

ì'1r.GO ó.?

1I.l
J¡.9

22,9

23.C

Ì0.l
[.9

2r,. I

ô 't

l¡.8
10 .2

j¿.3

l_0.?

25,1;

25.U

)1, I

Cocpact allocation on stream

Note¡ NeÞraskars allocation of 800 scre-feet of South I'ork rater rri]I 'be useC elsewhere ln ilebraska.

!/ 1920 aeres are in Colorado a¡¡¿ 180O acres j¡ Ka¡lsas.

3/ Pr¡tu¡e private Ceveloproent al]oxe for r¡lti¡ate developnent of 3t00 ecres in C¡forado a¡d 1óO0 acres in l(ar¡sag.

y Increaeed depletton for 2J3O ecres to neet CoLorado allocation, and for 9l¿00 acree to neet Kangas allocatioa.
L

a
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lable /c.{. lveregc r¡unrr1 gsê of ratcr'fron Buffrlo Crcckr'Rock Crcck"¡¡d'Iri¡
Rlvcr by ilcbrróke fo¡ thc coçect Etudy ¡¡¡d thc B¿ri¡ st¡dy - 10æ

J

steu'nop'úrrðrtç
ærr-f ect.''i',,.{, çi.i¡li,

Buffrlo rnd Rock Creek r¿tcr uscd fo¡ 5000 acres
B¡ffrlo and Rock Crcek r¡tcr used for nor¡-

Í.rrigable lands
Evrporetlør fron Rock Creek Resen¡olr

Toiel future rddltlon¡I uee of Br¿ff¡lc a¡rd
Rock Creck r¡ter

Prescnt use estrn¡ted by Corulesl.oners

Tot¡L use on Buffrlc a¡¡d Rock Creek

¿ Cou-oect ¡lloc¿hon on Buff¡lo ¡¡¡d Rock Crcck

l¡.0 3.5

1.2
0.8

1..2

7,2

7.0

2.3

3,'.)

10.2

1.1
0.3

b.o

L.2
0.9

6.1

1:2

7.3

7.0

2.3

0.?

3.e

10.3

3.5

l_.1
1.C

5.6

r.2

ó.9

â,.3

0..2

3.0

9.8

N)

ó.0

0.7

5.lt

1.2

ó.6

2.3

0.7

3.0

9.6

Pe¡t of l¡ln Stc¡ Republlcan BJ.var rater used
þ þ6 acres

lf¿Ío Sücn Rap'ubll,caa Rlvcr r¡ter uscd by non-
lnlgabLc lands

lotrl n¿l¡ ste¡ r¿tcr used

Totrl uscd þ Benkcln¡¡r Unlt

Notc: No futurc prLv¡te developruent for lrr¡ga¿ron and ponds ls antlclpsted,

a-:'
Po

KS002167



Î¿b1e /c5- Avcregc ¡arnrrl usc of llaLn Stel Brpnblicen Rlvcr rrtcr by Ncbreske for tbe
Study r¡rd thc Ba$,n Stuù - 100o ¡cre-fcct.

feter for 16rlù0 ¡crec
l¿t,er uscd by non-lrrlgeble lrnds
Bveporltlon f roa lrenton'Re¡e¡:volr

To?rl future ddttlcr¡¡.Ì usc þ lleeker-
h-ftrood Untt

Prcsent usc cstlortcd by ConnlË¡lonara

lot,rl use on stre¡¡

18,9
\.2
7. lt

3c.5

_u
33.0

16.9
3.8
J.l¡

28.1

2.5

30.6

32.J

2.5

lLt.8

29.O

2:Í

3t.5

18.9
Lr. a
9.2

I
3.8

-C¡.:.

N)
f¡
.ül

a

t

,

È¡
Þ
Fo
¡-(3

.'li!ilH'..'..*.-:r:ì*tì*:. 1-1.
' ¡T'¡e;Ír*lÉä¡;r¡T41i
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lablc 14.é. Àvsrage !¡¡[Erl t¡¡s of lle¡ch¡e¡ Creek rgta¡.byfebrerke for tùs Colpact St!4y 
"r¡d þBasln Sùdy - 1OOO acre-fcet

tnlt
Supplenntrl rat r for ILrllrO ¡cre¡ of prerent\y lrrtgrt€d Ia¡dsl¡tor uaad ty norr.lnlgrblc l¡¡d¡ neer lbove I¡¡dsÍat r uscd for 1lr770 rcrea of ncr le¡ds
Í¡tGr urcd bt æn-lrrlgeblr la¡ds ncr¡ ¡þgas frn¿tq
tveporaüton f¡cn E¡ders Rccervol¡

lot¿Ì firtu¡e eddttlo¡¡l uec by FenÊhlll Lrntt

Fulu¡e prlvate lrrlgatloa of 11000 acres abovg E¡¡lers Rr¡c¡"volr ln llebr¡sk¡Futu¡e prllate pond dcvclopuenL above Endarc RegenoLr l¡ l{ebrs¡br
Fub¡ra prlvete lrrigatlon of LrT90 acrcs belor Enders Rese¡:Tol,llrtu¡e prlvetc pond dcvclopænt belo¡ Ëeders Reecnolrlotrl fuüu¡c us¡e llsllüGd to be precticrl

Preseat ¡¡se cstbatcd ty Cntsclon¿rr
Totsl rtc on etace

Coapacù ellocgtion on ¡trea¡

Note ¡

U¡c

2.1¡
0.6

L3.2
3.0
3.e

E6
5.6
Orz
2.2
0.3

31.1

15.0
F
52.8

2.\
0,6

t2.t
2,7
3.6

-
¿L.4

5.2
o.2
1.9
0.3

29,0

15.0
TT

2,9
3.6

æ

2.b
o.6

12.0
2.8
313

21.1

5.2
o.2
'1.9
0.3

1F,,;7

15.C
67

2.b
O.6

13.0

5,6
0.2
2.2
0.3il6

15.0
mu
52.8

ñ)

e

Coloradots ¡llocetlor¡ on l?encÌ¡nan C¡¡ek le the totat flor o¡lglnating rbove Colorrdo_ilebncrkr ¡t¡t¿ tine orsn aYerago e¡r¡uel' floç of 3rJ0o ecre-feet for tÀs coppacL Study. ¡n ãue Basin stuf ¡a ¡llora¡¡ce r¿s aad,efor futrre prlvata lrrlgatton of Ir850 ecres.

KS002169



lsblê ,47.
^..--.."-.:, "., .. *ãi¡.

Averege srurual usc of Rsd rtl.lcr Creck r¡ter ¡rid ¡tai.D Sürn Re¡nbtlcla Rly"r r.i;iË' '':*
llcbreske for thc Conprct $tuü s¡ld tàc B¡sl¡ Stud¡ - l0OO ecrc-f,¿ct ,

Rcd Í1l,lor r¡,trr used for 121590 ecrcs YII¡e of Bcd Ítl,lcr rat"r for,non-trrl.gablõ lelrda
Eveporetrø fro¡ Rcd TIIIc¡r Rese¡¡rolr

6.1¡
1.1¡
1.1¡

9.2

5.6
1..3

¡¿
8.3

0.5
0.1

E.g

0.8

9.7

6.2
1.3

7.5

L7.2

7.2
1.6
1.1

9.9

10.6

0.8

II.l¡

L,2

5.3
1.2

6.,

L7.9

ó.r
1.lr
¡å
9.8

o.5
0.1

10.¡¡

0.8

11.2

5.1
1.1

6.2

l7.l¡

Totrl futurc ¡ddtè1ona1 usc of Red Ír11o¡ ¡atcr

Fr¡tu¡c prlvetc.dcvelopnent (Itrtgrtton of lOO ec.)
h¡tu¡e prlvetr'developnent ( Ps¡ds)

lottl futur¿ us¡ of, Rcd lflllor ratcr ¡en¡æd to
bc prectLcrl

Prcsent use estluåtcd by ComlËglonelE

lotrÌ use of Red Ílllq¡ nt'or

Cgnp¡cü rllocatton of Rcd f,tl.lcn rìltcr

ll¡fn stGa Regrbllcrn r¡tcr uscd for 121590 ecrcs
lf¡ín gtcn r¡tcr used by non-1r¡'l,gebLe lc¡¡ds

lotrl rrl.n ctcn ratcr used

TotrL ¡¡üer used for Rod Ìtlllgf Unlü

tl

In thc Corpect Study L2r59A acrâs Íere t çrtgatcd.
lrrf.getcd.

0.ó
9¿

0.ó
0.1

N¡ 9.9

0.8,

10.7

h.2

7.lt
1.,3,

9.1

1g.E

r-J

d
Fo
HC.-':.-*J

L/ fn thc 8es1¡ Sèuû LLr990 rc¡ra¡ rêr?
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tþ':'

T¡b1e /t9 .

Í¿ter for l2OO acrcs
Bater used by non-llrlgeblc

hndr
Evaporatton frotr Beaver Clty

Reservotr
lot¡]. luturc rddltton¡J uce

by Berver Clty g¡1¿

Futurc prf.vate developncnt
(Irrtgatron) y

Future prf.vat'e dõvelopucnt
Ë (Ponds)
ro lotrl futurc usc rssurcd to

be praetlcel

fncre¡sed dcplelions üo ueet
conçact !

Present use csüi¡¡tcd by
- Co¡olsslonc¡s
Totrl usc by st¡tes r¡

¡trcen

Coøprct rllocetlon by stetee
on strê¡¡

Averrge- a¡nual .use of...Beavcr Creek retcr ,þ Co1oredor,.
Be¡l¡ $tu{y - 10OO ¡cra-fcci. ,.- - , , _,,

,rKrna¡E ¿nd,llebr¡sk¡ for the Corçect'Study tnd'tbo

:¿*:{,"
t¡-i..á

00

0.I .0.L

0.1 g.r

o,2 0.2

3.r

0

3.3

2.8

0

3.0

00

3,6 3. 1

0.

L.L.,,, i3.?

2.8 2.6

00
6.9 6.3

1.3 1.2

0.3 0.?

]"! 0.6

3.0-a 3.0

o.7

0¿

3.8

0.ó

o.2

3.8

2.',|

0.?

6,7

2.lj

o.2

6.lr

00

0.1

0.J

0.2

0.1

0.1

o.2

3.J

0.ó

3.7

0

o

3.7

1.ü

0.3

0,7

0.1

l¡.8

1.3

0.3

2.?

3.8

0.ó

O,2

l¡.6

3.6

9r5.

l¡.f

l¡.1

00
00

00

0

0

0

0

00000

0000
0000 00

60.5

0

o0

2.¡

b.o

0

0

It
cr,H
o
Pc

!/
?/

o

0

0.2

5.0

6.t

o

o.2

,l¡.8o.2 0.2

3.3 3.3 6.1¡ ó.L 6.1

fttu¡c pr'1'vatc drvolopuenü for. loo reres l¡ Coloredo r .29ío acres in KanEas ar¡a 550 acres in llebraska
Addltlon¡l depl.cttons to ¡èct coryect .ro T folt<¡r¡¡ ?ÍT? l*" ln c-oror¡do

ä63 ::i:: li Íiär*.

.;,: 4

KS002171



Table lto

:"ì;Ï; ".-,q;r.,

. ¡ 'il; .r;.1'
. 

: ir

Average ennua"l use of Sspp+ Creek rater þ f,ansas ¡nd t{ebraska for the Coqect Sbudy and thenBs6b-Study, I0æ eCre-feêt . -1:::', : .

later for 15OO ec¡es
llaÈer used by non-lrrlgable la¡rdg
Erraporattoa froa Oberlln Reserrolr

?otal fu+.ure addltional us¿ bry
Oberlln Unlt

t/
Fü¡,.rre prfvaLe Cevelopnent (Irrtgatioã)
Future prtvate developoent (Ponds)

?ot,al future use essr¡¡¡ed to be
pract !c a1

Increase depietions to neet co4,zel 2/
Prcsent use csttu¿ted by Co¡nlssionels

lotaL use by states on strscl

r.b
0.1¡
1.ó

2.2.
o.?
FT

3.1¡

2.6
0..¡.

6.3

3.8

?.2
0.!¡

6.l¡

0
0
0

ó.0
O,2
n(

3.ó

2.6
0.3

o.)

l'.5
O.i¡
r.9

3.8

2.2
0.¡¡

6.1¡

0

r,6
0

r.6 ].3

1.ó
0.1¡
1.5

1.6
0,!¿
1.8

1.3
0

1.6
0

0
o
0

6,9
0.?ffi
8.8

0
0
0

0
o.2iT
8.3

0
0
0

1.3
0

o
o.2
'-1-t

r!
[*:¡

00

o
o.2

0
0.2

6:6Ç7

r.6 1. j
1.9
0.2
ö.5

Coupacù ail.ccatton by eüates on streer 8.8 8.8

!/ An allcrancc for l85O ¡cres Ln Kans¡s e¡d LISO rcres 1n llebrasl<a rag nade for future pr{vate irrlgation
detreloPucnt.

?/ To neet the coryacù al.locetions on Sappa Crcek lt res D¿ccsfrary to deplete for ¡n addttloa¿I lfi)O
Kanses ¡¡rd l¡950 acres LD llebr¿skB.

ùr

!

l
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Table Ll2. Average ar¡nuelus€ of rater by.Bostrlck Dlvlsùon ln Nebrask¿ for

,*:¡: ,,Use by Bostrtek

[Tater for i*igated lands
(zSrooo acres)

üeler used by nön-
lrrlgable lands

EvaporaLlon f¡oro Harlan
.County Resen¡oir

Toùa1 futrre additional use
ln Nebraske by BosLwtck
Divis lon

Futr¡ne privaLe developoent
(Irrig¿lion 2600 acres) !i

ToLaI futrrre use assumed to
be practical

Increased deplellons lo
neeL coorpact (8000 ac.) 2/

P¡'esent use esLlmated by
ComnlcsÍoners

Tofal us€ on s¿r€an ln
llebraslca

18.4

6.3

t6.3

5.6

2.7

o.7

?.,
.6

27.6

o/l

2I.r

,7,7

3.t

ó0.Ê

8,5

0

69.3

6

6.5 5.8

2.C t I

¡\)
N
F9

u.6

8.0

19.4

52,0

2.6

5l+,6

7.'
0

ó2.r

y An allowance ûas ¡¡ade for future prlvate develprenü of 2600 acres on tribubarias betweea Harlan County
Re se¡"r¡olr and Supe r{.or-Corrtlard Dlversion Ds¡û.

2/ An addillonal depletLon for 8@ acies'ïås rnade on the ¡neln sten of the ReprùJ.ican Rlver beùwoen Q¡nh¡t¡lgs
Dlversion Dam ard Har1an Corrnty Rcservolr.

F;
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P
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taule r13, Arrerage Erunral use of t"t"" by Bostrick lÌlv'Islon in$ebragka for the Basùn Stutty - IOOO aði-Ëiiiåät;
' ,/1:Ê-'1 .-_ :,;,;+_{a,;{{,.

I l. r¡'l l'

F d
Use by Bostrlck

N

lYaLer for irrigated l-a¡¡ds
(28r00O acres)

iYater ueed Uy non-irfigable
Iands

EvaporaLÍon frou Harlan
CounÈy Reservoj¡

lotal future adùitional use
in Nebraska by BosLnick Dlv,

æ,8

l.L

L7.?

b.I

?.tr

2.3

6,3

r.9

'¿. ) ?.7

ó 7

3r.4

I0.2

2r. {

63.L

".1
66.2

0

66.2

26.7

8.?

19.4

5\.8

2.6

57,4

0

o

57,t+

¡\)
F9
r$l PuLure private developrnant

(Irritatior 2ó00 acres) !/
Total fuir¡re use assl¡æd ùo

be pracilcal

Increased depletlons to ¡eet
conpacü Z/

P¡'esent use esþLnated by
Comlssioners

Total use in Nebraska

y An alLorance tês nade for futr¡re private developnent of 2600 acnes on tributarles betreen HarLar¡ Cor:nty
Re ser,rolr and Supe rlor-Courtla¡rd Diversion IÞa.

I An addttional depleLlon for 8000 acrss xes Bâds on ths ma!.n sLen of the Republlcan nlè"-bctreen Canbrictge
Dlverslon nam anã Harlan CounLy Beseryoi¡ a

r!

¡-

t-
l¿
1.,
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Table il¡.. 
l:ï.t".'anirual lse of vater hy Bostrick Dtviston ln Kansas for lhe Coopacù Stud¡r - 1996

:;'':.';Ji':,
::j: ,{i i',r;

-rq,i:-
. ':_ ,.*:"r;

.a,ere-fegù.
, . .\, l-. .dT;j -'
..i

Cou¡tland 0anal Scandle llnlt -i; iil i

Use by Bostrl.ek

llater for lrrigated lands
(ó2r0oo acres)

'Jtater used by non-irrlgable
Iands

Evaporaiion frco Harlar¡ Courty
Reservolr charged to Kansas

EvaporaLl on f¡rc¡o lpvewell
Resen¡oir

Future prlvaLe developrnent
Total future use asqr:æd Lo be

pracLlcal .-
Increased depletions to neet

conpacb !/
Presenb use estimated by

Comm!ssio¡ers

I+l+,5

10.5

l'þ.6

9.6

10. t¡

2.q

9.5 5U.9

L3.z

5.1+

4.4
0

77.9

0

77.9

1.¿

50.r

u.8
6.9

3.6 -

0

72,!+

0

U

72.\

hJ
N)
*r

TcLaI use in Kansas

!ôi

È

c
t-
L¡.

KS0021 76



¡ I

ar¡d Canal

T I ¡ I

*"jY'

t

Table U.5. Average annual' use of rater by Bostrrlck Dlvlsion ln Kansag for the Basin Stu(y -.fogg.;

Cor¡¡tI ScarrdLaaUse by Eost¡lck
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15.l+
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l+.5
0

93.o

Tiater for irrlgated lends
(621000 acres)

Water used by non-irrlgabl.e
lands

Evaporallon f¡o¡a Harlan Corurty
Reservolr cbargefl to Kar¡sas

Evaporation fron IpvewelÌ
Rese¡voir

Futu¡e privaLe developraent
To¿aI fuiure use ass.¿ned to be

practlceù

Increased. depletions lo neeL
cornpac¿ y

Present uq¡ estlrnated by
Comnissioners

o

93.o
Îoùal uæ Ín Kansas

v No addiLional depletlon ras nade for ue€ of naln stem tafer Lo ¡EeEt Kansas allocation of I3g¡0@ac¡e-feet
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