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averaged 11,653,000 acrefeet. The 1950 U, S, Census credits
Colorado with 2,943,895 acres of irrigated lands, Strean deple
umrmtmrmmmumvmﬁumm.m
otmnnd&alocﬂmuf%irﬁgamm. On an avere
mm,uu&motmemlemquotw,
untmmunmwmua.m.mwmm.
nately. mmmhmmmmwhmm

ductive plant 1ife. A portion is lost by deep percolation to
ground-water aquifers not t ributary to surface streams,

A, SURFACE F1owS
Zastern Slope.

The North Platte River snd tributaries, including the
muamﬁmmwmwmmmm
am-emmmmtm. There appears to be
umtyrw-mmummurmmq.
muutm“mwmumumm
tributary to the stream. As shown in Table II, flow acress the
sammumapdm,mmroruummh-ss.
MU},&OM:&%MM&M]&M.

The waters of the South Flatte River basin ave diverted
rm-irrignttm,muleimmmm;m-poul. There is exe
tminmornbmflmmlﬁumthndhu’lim.
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The South Flatte River Compact states, in effect, that (1) Colo=-
mmmmmmxmnmumwobm
oruusm..mommmammxmuth.mm
ing year, (2) that between April lst end October 15th of each
m,coloradowinnnmﬁtﬂminthalmumm
d%oﬁwmoummwdmmmmtothomx
Jm,lbﬂ,it&auucrmd:rightlmﬂdwlhﬂnnwd
the river below 120 secomd feet, Return flow from futwre addi-
umwamunmummm
mmnqmﬁwmmu,uumotmmumm
at this time, nrmm1d-nu-mmswnu,
mnmm,mmmmmomm
umused out of the State, MM&WM%MM
mwwwmmumm. Avere
mnummmnm-um,ammmu-
Mp-udmzﬂ,aoommmmm.
wmwmmmm;-umm
muuummmwmwmm
River Compact, mmmum,mmmx
mnﬁumumemwmmmmuw
consideration of uses in Kansas, Withngu!dtoﬁtmdﬂo]ap.
mt,wchNJof&onm”fMt
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works: Prwidsdhhntth-mmﬁtheukmmm.u
S ety S
Mmmwmmnwmmmmup-
metdt or construction,”

Future development in this basin will depend to a
hrpdasrumtheimqmﬂ.u-ofﬂnmw.
mwwmm,mnuwm
would be derived fram transmountain diversion plus storage of
vater now used for winter irrigation, would not "materially®
deplete the inflow into John Maxtin Reservoir, In fact, it
would probably inerease such inflow semewhat, State line flow
mﬁ,%mtﬂ-mMWmﬁzn,m
acre-feet for 193455,

The Rio Orande flows across the State Line into New
Mexico and is subject to the Rio Grande Compact between Colo
rado, New Mexico and Texas, There has been difficulty in meete
mmmmnmunmmmmdmmm
few years of unprecedented drought, The Compact was entered
into to facilitate the provision of storage in the San Luis
Vallay. The Flatoro Reservoir on the Conejos has been constructe
eds On the Rio Grande, the mroposed Wagon Wheel Gap Reservoir
wmhMMcmmmmumm
irrigation., No new water would become available or new lands
irrigated, State Line deliveries for the periods indicated

above were LL3,800 and 335,400 acre-feet on an average.

The Repiblicen River Campact allocates to Colorado,
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Kansas, md Nebwraska speeific quantities of water from the
several subbasins covered., The Kansas River basin, including
the Republican River, furndshed 188,300 acre-feet at the State
Hmdmdxvassmlss,swmcummm
193455,
Hestern Slope.

The Colorado River and its tributaries, including the
Gunnison, Dolores, Yanpa, White end San Juan Rivers drain the
Western Slope of the State,

is no water, In the Colorade River basin, Table IT of Section
nmm:mum,m::hhmmmauaﬂn
rresent time, m,twwdthumthunmhm
water supply,

8 Hater supply., The bemeficial consumptive use
MWMOM%%MMWMMWM
Mmus,ass,mmwm. Taking into ace
mmiumnmmmmmumﬂm,
"this would leave 3,727,000 acre-feet as the limit (under See.
um(a)wmnxamwmmw)ormu-
phtiommcolwadoanfrmmMﬂmwn@imlm,




000334

-be
consumptive uses by industry, and diversions out of the draine
age basin of the Colorado River®, This estimate, from the re-
port of leeds, Hill and Jewett, is based on the assumption that
the flow of the river will produce 7,500,000 acre-feet for the
Upper Basin after providing a similar amount for the Lower Basin,
During the period 1930 to 1952, an extremely dry period, the
flow was reduced so much that Colorado's share of depletions
would have amounted to tut 3,100,000 acre-feet, accarding to
this same report. These quantities would be available only if
eyclic storage were buillt to carry water over from a wet peried
to be used during a dry period, some twenty years in the case of
the 3,100,000 acre«feet estimate, This means large storage resere
voirs on the Main Stem and major tributaries of the Colorado, and
emall ones at higher altitudes to serve the irrigation projects.
State Line average flow for the river and its tributaries for
the period 191455 was 9,822,000 acre-feet and 8,429,600 acre-
feet for the period 193455 (Table III),

Data furnished by the Engineering Research Committee
of the Colorado Water Conservation Board indicates that there is
now a depletion of 1,035,000 acre-feet on account of irrigation
agriculture on the Western Slopej the total present and authore
ized depletion, according to the Hill Report, is approximately
1,650,000 acre-feet per yea r. Some feel that this quantity is
not large enough because it is claimed there are more presently
irrigated acres than have been included. Using the quantities
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given, an uncommitted balance of 2,077,000 acre-feet is the ree
sult in case the large supply figure is used, or 1,450,000 acre-
feet for the smaller estimate,

b. Surplus Water., From this point on an estimate of
mmammrwwm,mmm
Jects and other claims are satisfied, varies greatly with the
assumptions used in making the estimate,

(1) A mmber of potential irrigation projects
~ were authorized or given priority in plamding in the act authare
izing the Colorado River Storage Project. Assuming (a) 156,000
acre-feet agpregate depletion for these projects in this catee
gory for which the presently indicated benefit cost ratios are
at least unity, and with repayment capacity by irrigators of at
loast mine percent of construction costs, (b) 300,000 acre-fest
depletion for industry on the Western Slope, (e) 163,000 acre-
feet dapletion for unclassified land presently irrigated or capae
ble of being irrigated in the futwre by private imitiative, (d)
191,000 acre-feet far Colorado's portion of the Mexican Treaty
obligation (this may vary from 100,000 acre-fect or less to
375,000 acre-feet, according to the authority cited), (e) 196,000
acre-feet for Dexmver and Colorado Springs-Blue River diversion,
and (£) 75,000 acre-feet for the proposed Fryingpan-Arkansas pro-
Jeet, a total additional use of 1,384,000 acre-feet may be cale
culated, Subtracting this amount frem 2,077,000 leaves a surplus
of 693,000 acre-feet in case the full 3,855,375 acre-feet of
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bmﬁdnwnm,phnm,umhbhhaolo-
rado, wm-wnmm.muoomu
3,100,000 acre-feet, the surplus would be 1,450,000 mims
Lsek,mwéé,momm,wmrmmmuoamt
Muhplmmo:mmjmwmmmm
dlmaupplymﬂm.

(2) Gnﬂuhuathntlnofthwmm
n:uutmprthnuuulunrlaantrhnkaunuuﬂ:.bu-us-
mnu.umvummuhmwt
mwmmmwm@m,nmu
bowtomphuﬂummefm,womw(l)h)
uma'm,ooowm mﬁh&amthmmumnm-

nmmmmmthatthototalwawuwum

[}
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However, the local supplies for the rroposed participating pro-
Jeets require the collection of mich additiomal data and meve
study, Meostora;pm.ngmtomchafﬂumbhlmd
uuﬂmwnandhmthemmucromuntyrmathmw
ettholandclmquumbhlvnoomnsummu

undetermined,
Iransmountain Diversions. There are records of the diversions

mmhmMnmmmMMmmumm
of the State, MMMoﬁmdomtwum
mthototalpohntiddimﬂmﬂﬁchmbom&wmhou-
pleted facilities, Estimates of possible future diversions may
mhmuofntcmlyponod- considered, drainage areas
mmmmummmumzmm
ment of diversion facilities,
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TABLE I.
1
Transmountain Diversions from Colorado River Watershed in Colorado
(1,000 AF)
32-Year Average 3 22-Year Average
1914 - 1945 : 1934 - 1955 i
Name of Diversion : : Total s : : Total

: Historic: Increase: Future : Historic: Increase : Future

To South Platte Basin : :
Grand River Ditch 14k 5.8 20.2 18.1 " 2 ] 19.2
Moffat Tunnel : 8.5 T1.5 80.0 25.5 : 55.5 :4#81.0
Jones Pass Tunnel L2 19.8 21.0 4.8 31.2 : # 36.0
Colorado-Big Thompson P m-- 278.1 * 278.1 k1.3 197.2 : #238.5
Denver-Blue River Project : === 177.0 177.0 —— 148.0 : #148.0
Englewood e 15.0 15.0 -——- .k #aklh
Minor Ditches i 0.8 0.2 3.0 0.9 o Pl e 1.0
Subtotal P o249 567.4 592.3 90.6 7.5 ¢ s538.1
To Arkansas Basin
Busk-Ivanhoe Tunnel : 2.9 3.1 6.0 b2 1.1 : 5.3
Twin Lekes Tunnel : 1.k 43.6 55.0 33.5 .2 k.7
Colorado Springs (Hoosier) : --= 17.0 17.0 0.8 10.6 : #11.4
Fryingpan-Arkansas e 72.2 * 72.2 - 63.8 : * 3.8
Minor Ditches S 2.3 5.5 L.k 1.6 :. 6.0
Subtotal P17.5 P 1382 155.7 k2.9 91.3 134.2
To Rio Grande Basin y
Weminuche Pass Div. -— 150 15.0 - 9.7 ; 9.7
Minor Ditches X8 = D, § .3 : 2.0 : 3.0 : 5.0
Subtotal k3 ! oY 19 Y s Po12.7 ¢ g
Grend Total . 437 723.6 . T67.3 [ 135.5 . 55L5 ¢ 687.0

Note: The estimated diversions are for existing, authorized or approved projects
only. Do not include recent filings for diversion from Eagle River, Piney
River, and Homestake Creek.

* Future totals include losses from Western Slope Reservoirs.
# PFuture total taken from studies by W. W. Wheeler, Tipton, and Kalmbach.

1. Prepared J. R. Riter, Chief, Planning and Development, U, S.
Bureau of Reclamation.
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TABLE IX

1

AVERAGE HISTORICAL RUNOFF

EAST SLOPE RIVERS IN COLORADO
(In thousands of acre-feet)

North Flatte River Basin
South Flatte River Basin
Kansas River Basin
Arkansas River Basin
Rio Grande Basin

1914-1955

572.3
327.8
188.3
298.5
3.8
1,830,7

Average

L53.0
267.2
153.5
272.0

1,L81.1

1. Based on records of U, Se Geological Survey and Colorado
State

Engineer,
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State Line Fows 19U-1955 19341955
Colorado River less Cumnison River 3,253.5 2,763.6
Gunnison River near Grand Junction 943.1 1,681.9
Dolores River 695.3 610,
San Juan River 2,001.9 1,730.
River 1,37 1,170.4
White River 2831, k72,0
Total 9,822.0 8,429,6
Flows at Xey Gaging Stations
Colorado River at Glemwood 2 o
AR UERENS., Uz
Colorado River below Roaring Fork 2,984.1 2,581.5
Colorado River near Cameo 3,353.5 2,885.1

1.

hndonmdaafu.s.
State Engineer,

Goolmud&:rvqudcolm
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B, GROUND WATER
wnwm«mmm
sources of Colorado have been made since 1945 by the Colerado
wmwmmmm«amwﬁm
vey. mmuammwmmmu
a8 time and finances permitted, Two detailed reports have been
published as Bulletins of the Colorado Water Conservation Board,
mum-umm-uwmwm
Supply Paper, and other detailed reports are in preparation or
in press. Shorter reports have been published as Cireulars of

bty mnieipalitiocs, State and Federal agencies, industries, well
mmmnmnmm,mmum
hmﬁuMMmWaﬂhMMmb
mummmmmmmmm

and availability of ground water in the aves of study. The vee
mmmmmmmmmmwuumm

Mm-nu,mmornu,mmmmum

1, WMMMMWU.S.WiﬂIh
vey.
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dtthhbh,uwhummﬁmmmm
mmmm«rmmmnm.
mmammwdmmm
the ares, the quality of the water, and if eufficient dats are
mﬂnbh,thoqnmutyafuhrMMh.
uwmyapusotmatauummm
mmmwmmmm«.mmm
imovledge of the geology of the State is adequate to permit out-
mmmmwmmwm
Qecurrence of Grownd-iater in Coloradp, It is common knowledge
umrmuwmnmmmmdm
MWMOS%MM%MEM&
surface water but a deficiency of irrigable land, whereas the
mmm«rmmuahummwmu
but a deficiency of surface water, It 1s not common knowledge,
m.mmmmmnu«mmnunaa.m
east of the Continemtal Divide and, in general, underlie those
@reas having the best irrigsble land,
Mumumnmm&m
m*-m-.muumummmu
Mmlu-g‘h'wmmm. It is udque
fmong "mineral" deposits lying bemeath the earth's surface in
muumwmmmumuum.m
m,mmm::-mm. It is unique in mode of ex.
pmmmmuutnudmmmmwmu.
mu&ntmwmwtmurmmcm.
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Cround-water has long been used in Colorade for domese
tie, industrial, and mnicipal supplies but until recently it was
used only on a minor scale for irrigation, With the development
of efficient pumps, engines, and motors and the availability of
cheaper electricity and petroloum products for fuel, the pumping
of ground.water for irrigation has grown by leaps and bounds
gince the early 1930's and 15 contimuing to grow at an evere
accelerated pace, Data accumlated to date indicate that the
mmber of irrigation wells in Colorado doubled between 1940 and
1950 and has doubled again since 1950, The data inddcate also
that there are now at least 8,500 pumped wells and 7,000 flow-
ing wells in Colorado which discharged more than 2,000,000 acre-
feet of ground.water in 1956 for the irrigation (largely supplee
montal) of more than 1,000,000 acres of land, In view of the
fact that hundreds of millions of dollars of funds will be ree
quired to develop the remaining uwnappropriated surface water ree
sources of Colorado, the value of ground<water now being used
for irrigation is a sizable factor in the State's economy,
Principal Aquifers. Colorado is hlessed with groundewater sup-
plies larger than those of most of the States in the Rocky Noune
tain Area, The water is contained largely in four major aquifers
- namely, (1) the alluvium and terrace deposits of the South
Flatte Valley and its major tributaries, (2) the alluvium and
terrace deposits of the Arkansas Valley and its major tributaries,
(3) the valley £111 in the San Iuis Valley, and (i) the Ogallala
formation in the High Flains, As irrigation is the principal use
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of ground.water in Colorado, the following discussion is cone
cerned largely with irrigation supplies,

a. South Platte Basin, The alluvium and terrace deposits
in the South Flatte Valley and ite major tributaries constitute
the most highly developed aquifer in Colorado, It is estimated
that there are now more than 5,000 pumped wells that discharged
about 1,000,000 acre-feet of water in 1956 for the irrigation
of about 550,000 acres of land, Some indleation of the rate of
growth and of the magnitude of pumping for irrigation in the
MM?&M“@MW&MMM«W
wum“mmmmmwm
State University, OCround.water studies made in the South Flatte
Valley and tributaries between Hardin, Colorado, and the Nebrase
nmnnua-hmmmmmnmu
the main stem of the valley consumes considersbly less than 100
umm&wbnmmmu“
ﬂiﬂhmmahm&mmm&t
water table generally is deeper, consumes a little move than
100 kilowatt-hours in lifting onme acre-foot of water, As most
of the wells are in the main stem of the valley where pumping
1ifts are less, the assumption that each pump used 100 ldlowatte
hours per acre-foot pumped in 1956 will give a conservative ese
mammmummrummmn
1956=~particularly in view of the fact that those pumps not
electrically operated are not included in the tabulation,
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mstodbslmmﬂnmudmﬂmm

mmmwm.mwormm(um
ugthatloonlautt-hmﬂofowg-itymmtom

one WM)n
Iverage Lstimated
Humber of Kilowatte Klowatt- quantity of
_JYoar cerved  used Per pmp _in screegiet’
428 3 000 8 000
iﬁ 1,077 lsiga'm '5 w’f}wo
gﬂ 1,630 1,230,000 » 730 112,000
2 IR orpm iF m=
1956 93,110,000 19,260 934,000

muumoumummummmm

Mnmnlmthmn-dthamﬁnmohnqm
they are used largely for supplemental irrigation. Owing to the
nﬁnmmwmrmmtmuwrwmm
mmmnmmmmmmmmm,m
mmmmmmmmmmm. In
Mvm,n&um.m&dp,m!!mu
m@mummrmmumm;mdm
mmhmmuummmmwm
mmmmmmumm—pmmmmmd
the ground-water that returns to the water table from irrigated
fields, uam,mmwwuqm
mlbmbnblymthsmlmphmm,tm“tw
Mmanntamm(umahuthrm
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a year), and the aquifer is locally aprroaching exhaustion,

Studies of the occurrence of ground-water have shown
that there is about 11,000,000 acre-feet of ground-water in
storage in the alluviuwm in the South Flatte Valley and tribue
taries between Hardin, Colorado, and the Colorado-Nelwaska
State line, On this basis it can be estimated conservatively
that there is at least 25,000,000 acre-feet of groundewater in
storage in the alluvium in all the South Flatte Valley in Coloe
rado and in all its tributaries, This large body of ground-wae
ter is a valuable adjunct to the irrigation economy of the South
Flatte Basin in that the groundewater may be used at any time to
supplement the surface-water supply or it may be drawn upon
heavily during periods of low streamflow,

Although groundewater in several of the tributary vale
lgys now appears to be seriously overdeveloped, there is no
hydrologie reason why groundewater in the main stem of the South
Flatte camot be developed to an even greater extent, ihen irrie
gation wells were first drilled in the South Platte Valley there
mmmmmmmmmorm,m
after more than 20 years of rapid development there has been no
persistent decline of water levels and there still remein areas
of land that have been waterlogged by the application of surfage
water, where the pumping of ground water not only would do no
harm, tut would be of great bemefit in reclaiming the land,

The diversion of new water from the West Slope will
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hmmWﬁMmﬂnMﬁhﬂiminthu
South Platte Basin, Hew water applied to areas whers no wells
mmmmmmmunumwm
lumofﬂullm,nﬂngitumtablefu'm. In other
mﬂmmlmhhmbmmm:duuh-
mde@mmMM&mmw
of the new water my eliminate the need for pumping with the
ruultthstthareﬂmutulmhwruotothapdntd
endangering the land, If new weter is applied to lands not
mm,mmwhWMMSh
ﬂrnndamm”httutalawdauthomaum
mrwmlnmhumwboomtnﬂbh. If new water is
mumwmmmmmmw:rm
M,Mwlmhwhmwmmmmm
areas is exhausted,

bs Arkansas Basin, ﬂnﬂmmmmdﬂmﬂuc&
mmvmqm1ummmmmm1tmom
ww-'ln%m-do,tutfwdatawmnlngtMu-
tent of development are available, On the basis of detailed
Mum“pwotthalrhumuwmmorth‘hmdm
trlepwwnswuoen,ituwﬁlahdthttﬂmmm
nearly 1,500 irrigation wells that obtain water from alluvial
deposite in the Arkansas Basin, Itiaalnouunatodthatthq
mawmmmm,mommaumnm%rwm
irrigation (largely supplemental) of more than 100,000 acres of
land,
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In the table below are listed the mmber of plants
served by electricity in the Arkanses Valley, the conswsption
of electricity, and the estimated quantities of water pumped,
utmmnmmmmmmlymm
than in the South Flatte, it is assumed that 90 kilowatt-houwrs
of electricity is required to 1ift one acre-foot of water in
that area, (MW&MMMM‘U’.)

largely @ a supplementary supply and, because of the rapid ree
mmmm«rmmmmua,m
has been no apparent permanent decline of water level, On the

w“,%h“e%mﬁl@udmn\h
flood plain, due to a rising water table,

The aquifer in the tributary valleys has been devele
oped only to a small extent, Inasmich as recharge is dependent
largely upon precipitation and infiltretion through stream chane
mnmmammmnnm,mmm
opment may deplete the supplies, There is already some local
overdevelomment in a few of the valleys, owing largely to inade.
quate spacing of wells,
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penstrated more than 5,200 feet of sand, gravel, and clay be-
r«-m.m&m«rm-m.mm
which were more sand, gravel, and elay. The well was bottomed
nmnamua,mrm. The layers of clay serve
MMWMMMMmmmh-
mboaormmm Mmmhntﬁm&
LO&!MMMMMSOWHMG!“W.
Mmmmmmmmmt&nv&
mmwmawmym,mommatum
in 1956 for the irrigation (largely supplemental) of nearly
150,000 acres of land, In addition, there are believed to be
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lbout'r.mﬂovingnnninthennq. The flowing wells have
lpomtlalyiclddabm5w,mamquanar, but as many
mllmtinmuingpartoft}nm, thsirlctnalyialdiamt

hﬂm—pu-hq.ﬁo,oooacuqfeetcm. Host of the flowing
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a shallow water table maintained by the infiltration of surface
water through ditches, During the drought of the 1930's, when
the supply of surface water was not adequate, wells were drilled
to supply supplemental water., The two methods of irrigation are
at aross-purposes--one trying to hold the water table at the
root zone and the other pulling the water table down.

Because of the large amount of water available for
recharge, there has been very little permenent decline of water
level or pressure head of wells tapping the shallower zones, In
fact, data collected in 1936 and between 1946 and 1953 indicate
that the pressure head and flow of some artesian wells have ine
creased even though withdrawals have been large. There have
been temporary declines of water levels in pumped wells, particue
larly during periods of drought when supplies of surface water
were inadequate and pumping heavy., During the drought of 1951
water levels declined in the area north of Monte Vista by as
mch as 10 feet, but with the above-normal supply of surface Wae
ter in 1952 the water levels retwrned to a normal or near-normal
position, In an area of 203 square miles north of Monte Vista
this rise represented a gain in ground.water storage amounting
to 135,000 acre-feet, Water levels again declined during the
period 195456 but are rising rapidly again in 1957 with the
above-normal runoff,

Many of the deeper zomes of the aquifer crop out be-
yond the area of application of surface water and, hence, have
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a comparatively small rate of recharge. These zones are being
tapped by deep wells at a rapidly increasing rate, and there is
danger that large-scale develorment will cause serious declines
in head, In addition, little regard has been given to the proe
per construction of these wells with the result that there is
constant movement of water from zones of high head to zones of
low head, There is also likely to be mixing of water of poor
quality with water of good quality,

Groundewater in the San Luds Valley is only partially
developed but problems of quality will impede maximum develope
ment, There are, however, areas of no mresent ground-water de-
velopment where new ground<water supplies can be obtained and
areas of present development where the deeper zones can be tapped
for additional supplies,

It is estimated that approximately two billion acre-
M#Mhmmhmmmm. It
would not be economically feasible to withdraw all this water,
owing to the great depths involved, However, the hydraulic come
ditions are such that artesian pressures will force water fyem
dethhmmhthuutmummttw
pumping, so long as the development is not so great as to lower
the head enough to require pumping, The extemt to which it may
be feasible to pump from mones that will no longer yield an adee
quate flow is largely a matter of economics and remains to be

determined,
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d. High Plains, mmanumuumcommm
uﬁwlunbytha%mromum,m@hhnmofmm
remarkable aquifers in the Umdted States, It underlies an area

Texas, In the mmmamwmunnanmu

Goluadohualnpmmtybutalumwm.
It is essentially undeveloped, Mngteitamihim,
mmti.uofmhmmmmnmm-
feromrnpanodofmthommm. It is estimated that
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mmmmmuwnmumomm

Eoumm.m-rm.
menohlr‘etcthasquimindmm entirely from

Iaenlmcipuatim, mditmbaom:l;mﬁmtunw
mpwmwmmmwmmmutmmm

d.nlopadinomoftuoms (1) itaanbedvnlopadundu-
reguhtionnnhtothau:tmtofthe salvageable recharge so
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that the supply, although comperatively amall, will last fore
M,w(z)ihHMmhMMdehnm
dﬂ&wtodu,mu,Lndarﬁunnﬂomﬂu'unﬁ'unru
paﬂodormMm, after which 1t will be depleted
uauu;nuntmuhitemam:Mnnrbonuutu-hwanuiuuuh
rigation,

Mmmmmmmothlup—
meut. Iy developing only the salvageable recharge, a well-
hﬂmnulhruwumnuutﬁmdlulnuunnunhoﬁnﬂhpﬂin
the High Plains and the groundwwater supply will last forever,
mmm«mmuammumnm
mmwummuwmmu—
charge is developed, xznuumuwunnu,
Wummmwmmmummmmm
nuﬂdcnkra1'um-1ﬁmnr-qnﬂngmnnmu-sunaummdnu
otherwise be possible,

Qther Agquifers, There are many aquifers in Colorado in addi

% Zandstones in Demver Besin, Same of the principal

nnukmnmmuhwin&ﬂmubaurhunotﬁn&nmwmblntdq
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MFGMSIMWWWMQMn. The agqui~
Mmmwwummmmwnm
mwbcethente,vhimmm]huuﬂt,bm«!f@m
purposes, b%mmmkmmmmorw

being pumped from these aquifers, but studies to determine the
Motdmlq-mtmmunduw. The first flowing well
hmmmhmm“ﬂﬂnnnfwmm

December, 1890, only six wells were still flowing in the downe
town area, wmmummmmmm
lso.futbolawmm. In other areas, the aquifer has
mmmm;snmmuuumnmnn.

b, & _an gat ions., Some of the most
valuable squifers in Colorado and, indeed, in the entive Great
Mummmormmmwm
tions, mmmwnﬁmnam
mm)mmdmmmm'mm
are very scarce, Aaamlt,hm]ymﬂumtb-
mmxmmrum-&emm“u
Mg-mrmm&hﬂm-mmhou‘tdm




000907

‘”-

mcolm-adomdﬂmdngnmhmboenom:imdum
m«rmmm,mm,mmmwm
area in Baca County, Wells tapping the aquifers generally
have relatively small ylelds but large yields have been obe
mummmm-:hmmmm@-
parently are more permeable, nuonuorﬂumdroum
maummmmmmum,mhmmp
mwmwmmmmumm.
As the water is under artesian rressure, the water levels have
mnmmdk,udmtdthm“mhmw
flowing, wwnmmmm-m
mmuwmmm

¢~ Sanistones in the Colorado Flatesu, Mere are mary
mnmmomammmmm
m-rmppnumduﬁmlttom:ndﬂmmnnh
wamuuhmwmwmm
almost impossible to obtain, In these areas, the deep-lying
m«mmo.um.mmnﬂ.uﬂm
rmnmmmtmm.nmnuam.
mmu;rudmmmm&u-. Near Orand Junction
mmmmmmwmﬂanmmm
mmmdmhz,mmmmtoobtdnafu
glllmnrdmucfpohbhm. Although these supplies are
very valuable, they have not been developed extensively because
dtmmmmm.
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Status of Investigations. Studies of gromndwater development

mmmmmammmmunmmum
wm«mmmnmtymmmmm@a
small scals, Mrowlyimmwotimmmw
mmnma-maomummm
mummnmmmufmofhm

mmmmmmmuwuwhmm
mental agencies,

State-Federal Cooporative Program. The cooperative program be-
tween the U, S, Geological Survey and the Colorado Water Conserw
mmmm@.wunmmun«um
mm-hmmmu(.)mg&wm-u:mum«
umou,mn-t.mnmomumm (b) Baca County; (e) San
mvmq(nmmmpmwmu.s.mum
mation); (d) Huerfano County; (e) Grand Junction Artesian Area;
(£) Pargatoire Valley sbove Trinddad; (g) Kit Carson Countys

(k) Prowers County (in progrees); (1) Yuma County (in progress);
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(3) Washington County (in progress); and (k) the Demver Motwo-
pontmm.(mmnmmpmwmmm
of Water Comwssioners). Additional smallescale studies have
M“mmmm.

Qther Cooperative Programs, Other studies have been made in
mmwmu.a.mmulmnmmmath
local govermmental agencies, These have included (a) a study
wmmvmmwwmmm
bhﬂmnminmﬁnwnhmcnyd%mw
mthe!’ounmnnllqhtnﬂmlmdaum (b) a study of
mvuanuMnWthﬁmﬁt&th
wmuumuum;m(c)amdydﬂnnm

mm.mmubmtvmmhunummm
after Fiscal Year 1958, Studies made under this program ine
clude (a) South Flatte Valley from Hardin, Colorado, to the
Nebraska State line; (b) South Platte Valley between Derwer
and Hardin, including right-bank tributaries (in progress); (e)
mmmm(wﬂmswwﬁ. Prdllips,
logan, Washington, and Yuma Counties); (d) a reconnaissance of
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new sources of potable water for runicipalities in the valley
ﬂutumnmtﬁmmdtown\whraf-nhpnrqnnhrﬁmhhb-
lic Health standards cannot be met and that the establishmemt
of new industries is discouraged, On the basis of new informae
1na:uzuulhutlﬁdm-wumq;nu'nnqmylmnunvuuldnn
torqﬂunthcﬂdawﬂyofv.vImd&nkruﬂhnunrnuﬂy
of soft water having a hardness of only 72 parts per million,
hmuumunilnnaﬂenﬂu¢numh-ahugﬂulﬂuunaﬁn-
mnnumnmmamamwum
Mqﬁmhﬂnmdmm%ﬂum
where domestic and stock supplies are difficult to obtain,
ﬂﬂltnnoflﬁﬂrlﬂﬂl'NKIQMIlﬂnlniMmhfhnuglﬁnh
em be obtaimed by drilling to the sandstones of the Dakota amd
Purgatoire formations,

nﬂumantlanhdunﬂhiblmmNdnﬂnhvll
aqndteﬁnlﬂm3dwrhﬁ.nnnvudu:&nnuudunﬂr
atgmnﬂnnurruwmumnumn1mdumnnlmlndmuﬂlug-
plies,

mﬂuutammmmmwdm
water for irrigation in North Park, The supply of surface water
tlnwnmnhrnnhqwh1MrpqmrlnauumuluﬁWﬂmm.

Inﬂu!ﬂﬂ@dcmmaumglnntuunluniluuhd
as to the availability and suitability of mine waters for irrie
gation or other uses, IfﬁHUMHﬂluhlwhdﬁlﬁWIunnﬂh
&muuhzntmnynmhidﬂdna:uvnmﬂyufvﬂhrhn!Mndn
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coal seams might then become workable,

Studies similar to those completed or in progress in
the South Flatte Valley below Denver are needed in the valley and
its tributaries above Denver and in its leftebank tributaries,
Irrigation from wells in this area has grown at a tremendous
rate and a great many problems have risen or will arise because
of the pumping of groundwwater and because of the application of
new water from the West Slope.

Information on the availability of stockewater sup-
plies in the area south of the Arkansas River is needed in order
to improve the livestock industry in that area,

Mach information is needed in western Colorado in
order to facilitate the development of domestic, stock, ine
dustrial, and sunicipal supplies and, locally, irrigation supe
plies. Supplemental supplies of ground-water are needed for
irrigation in the Paradox Valley, Data on the thickness and
permeability of the alluvium in the major valleys are needed
for the development of moderate to large supplies of ground-
water for municipal and industrial use, particularly in areas
having a deficiency of surface water, Data on the thickness,
distribution, and water<bearing properties of many of the bed
rock formations on the West Slope are needed for the develope
ment of demestic, stock, and municipal supplies of ground-water
in the many large areas where even small supplies of water are
difficult to obtain,
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Very few data are available on the occurrence of
Mnmmwmnmm
ous areas of Colorado, With the rapld growth of the towrist
trade in Colorado since World War II there has been a greatly
MMfmeﬂnmtyofM
in the most heavily traveled areas, Tnasmch as the cost of
Mningmminthcum“hwunaumﬂ
nmothrmrhotﬂnm.mmonmm

mmuumﬂmmmunn
m-mmswuwmmmw-@-
plics have been fully apjropriated, and that further development
is dependent upen (1) more efficient water use and (2) the lo-
ddmandeanotanpma. The northeastern
muwmmmun.ntmwtawmatm
from the headwaters of the Colorado River, A bill now before
Gmmldmmamjm&puﬁmnm
tain diversion, mmmmwmum
headwaters of the Arkanses River,

mmmwmtomatmacomu
mmlydetmimtimofthslnuﬁmuﬂmuumm

ground-water supplies, especially on the Eastern Slope., Such
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mwuammmmmrmmm
osts, but also for the develomment of industrial and municipal
supplies,

mmfmmmuuofhothmwmd
Westarn Slopes are well known, On the Western Slope, the loca-
tion of future irrigation projects, the supplies for the indivie
mmmmmmmmhm. State finan.
mmmuwmmmaummmmm
ummmmnmmmum,wnu,u
mmmmuummnﬂm:mm
ramunmunumm.

mmwmmumwanm,
Ground Water Branch, indicates that to complete the ground-water
wdmmmmmawmora,m.om,
mummmmwxmmmmw
mmmwmmw The Llst State
mmmmdm,Mfwwuﬁ
th.S.Wulequmlmm-m.

II, MUNICIPAL WATER SUPPLIES
Sources of Supply, Reports relative to water supplies were
tabulated for 245 Colorado commmities, 102 of these secure
mwpnurmﬂu-rmmm,mmmum
ground-water pumped from wells. Intlnncmm.m, which
mdhﬁedmmmmm.mm.mmmm
rmmmwmhm,owmumwwm. In
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the Western Slope towns reporting, over 65,500 people have sure
face water to use while 11,400 take their supplies from grounde
water sources,

The following table shows the rumber of commndties

reporting and their sources of supply by basin:

sasin

Platte 32 71

Arkansas 19 L8

Rio CGrande 2 L

Colorado 28 16

e AT
anpa

Dolores 8 1

Quite generally the ground.water sources become more

heavily mineralized and less suited for municipal use as the
Eastern border of the State is approached,
Fer Capita Consumption, Colorado murdcipalities, considered as
& group, report an average daily consumption of approximately
220 gallons per capita, Since this figure inclndes industrial
uses, resort and rural commnities, and cities with little ine
dustry, it does not indicate the wide variance from the avere
age which may occur, Within the State the daily per capita
consumption may vary from 4O to as high as 500 gallons, Statis.
mmm.mm.tmmwmmmn
was 206 gallons in 1953 and that this figure is increasing, The
Deximm daily consunption came in 1953 and was 255.8 gallons,

Many cities and towms of the State do not measure the

mmnicipal water used.
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There is a tendengy far the daily rate of consumption
to increass,

wqg!1aimurzurggggggamagggggg;mn.
8 Surface Water Supplies for mmicipalities in many

cases have been obtained by purchase of agricultural water
rights, However, inasmuch as mundcipal supplies must be &bsoe
lutely dependsble nothing but a very early right is aceeptable,
1uhunﬂucﬂhrhuunmncnaroﬂurdqnnhuhludND1»¢an7
it over a dry period,

The difference between irrigated land worth $500 an
MMlﬂﬂ:lﬁﬂll@ﬂ?&fﬂﬁdﬂ“ﬂﬂhlmulmleWIIMd
mwﬂ:lb:mhv&pﬁﬂ,arﬂﬂbanaun.tﬁum-aruuhinuah
tion at the upper limit of the worth of a second foot of water
for agricultural purposes, This a;proach would be logical
ﬂunlﬂunnhlnx-hqnm'-nu'awﬂvinlnunMnnndcnu
nmﬁvvﬁhllﬂlofhhm;nﬁmﬂhleqﬂuhnn;Inﬂﬂleﬂl
1fanmuum!n:nmnduuatuwnanhdunzwtnhr,dﬂbnnﬂ
over a growing season of 150 days the theoretical value of the
water would bte $45,000 per second foot if no consideration is
given to application losses. A% six percent interest this coet
would be §9.00 per acre-foot anmally,

If land capability is such that it is worth only $250
d\u‘hrhmﬂmm'mﬂu'dxumr&numﬂhu!ﬂuimhnotthnuh
quired water would be $20,000 per second foot, The ammal ine
terest cost would be §4.00 per acre-foot,
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hr:-ﬂlqmmu&umtoimunuumu,ru-uvunhr
un;rqnuurnuqmuhuﬁuuu-nnuumlunnqwuutmlmvaaho
an acre-foot,

whummhhmmtommmm
uhﬂumrwmimlmuwm.ﬁndqumuw.
However, thvahuindlﬂtodmlwmnthﬁwnof
muicipal water, mmuwummmm
aere-foot before treatment; Pueblo, Colerade Springs, and other
mmmmmmm-ummuhmm
ass.oommootrormmqﬂnmutomwmd
the muniecipalities,

be Sround Water Supplies, When obtainable, the expense

Apn-qmncuuna:rmumnmuu, it would seem, is
to have on kand plans for future water development, With in.
mmmmmmmmwmmu,mm.
unmﬂahmbjutﬂamldhoinm.
Surmary
lau-lyﬁfteonpwﬂofthepeopleinmhndou-
mMiermMsthhow
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eighty-five percent use mmface water supplies resulting from
mrecipitation,

Average per capita consumption is rather high, although
there is a wide variance between limits, A distinct tendency
fertho&ilyrﬁoafmpumtoimhmm

Additions to the wster supplies of mumicipalities
mﬁqmthhumﬁbyﬂnm&mdnm&ulm
water rights, In general the value of water for municipal and
wnuummmmmrmmmw
purposes.

Cround.water supplies for mundcipalities on the
Wmmmtwthofuhn. A thorough inven-
mqrmmwuotmuwimmmh

Planning for additions to the water supplies as popu-
mmuwu.w&num
abreast of the times,

III, WATER LOSSES

In Sectlon I it is noted that over 80 percent of the
precipitation awhmmmmtrmlpdrmmtm
mmdm-pmminplmnro, and in groundewater aguie
fers not tritutary to streams, Approximately seventeen pere
mummmuumummrorwmmm
hthmngofmmdbythemiduﬂmmm
passes over the State boundaries,
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Water losses of diverted and stared water in Colorado can be
classified as (a) conveyance losses including seepage, evaporae
tion, and waste; (b) reservoir losses including seepage, evapo-
ration, spills and loss of storage capacity due to sedimentae
tion; and (c¢) manicipal losses,

a. Conveyance losses, mostly seepage, occur on the main
canals and laterals serving an irrigation project. Such losses
mmmmdmmmmmmdm
canal, the quantity of water carried, the type of soil throush
which the canal passes, and the type of liming, if any, On
ummmmmmmmmm-umu
m&m&m&-m-:vhﬂthmmh. On
lower farmlands the losses may be large because the canals are
long, may pass through porous soils, and may have leaky struce
tures, Evaluation of the magnitude of such losses has been mede
r«mmjmmmmmmmlunmm

in the following paragraphs:
(1) Ihe Prultgrowers Dam Project has about 2000 acres

under irrigation, The farm headgate deliveries have averaged
3487 ac.ft,/acre, or 87.7% of the diversion rate of L.kl ac,ft,/

1
acre for the period 1948 to 1953, .

(2) On the Grand Valley Project, Garfield Gravity
Division, which has about 20,000 irrigated acres, the 1927 to
1948 diversion rate averaged 9.15 ac.ft./acre, This high rate

1. Data from Anmual Crop Reports and Related Data, Us S¢ Dept,
of Interior, Bureau of Reclamation,
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can be partially explained by necessity for high farm applie
cations to maintain salt balance, and also for winter diversions
to meet stock water requirements, Losses, for the period 1927
to 1948, averaged 52.9% of the diversion rate of L.86 ac.ft./
acre, nntmchnvdyrarm:l?om'uh?.notth
diversion rate or 433 ac.ft./acre. _

losses have decreased since 1936 because of
the installations of canal linings, For the recent period 1947
to 1953 the diversion rate averages 7.95 ac.ft./acre and losses
were 50,78 of this rate or L.03 ac.ft./acre, Farm delivery
averaged Li9.3% of the diversion rate, Return flow from the
WVMWMWMQ”.MHIIMQ

(3) The Uncompahgwe Project has about 65,000 acres
under irrigation, and diversions, including reuse, for the period
1927 to 1948, averaged 7.8l ac.ft./acre, Excess water is applied
to much of the project lands to maintain salt balance, and some
mesa soils have low moisture holding capacity requiring frequent
irrigation, Losses for this same period averaged 2,62 ac,ft./
acre or 33.4% of the diverted water, rm&nv:rium
5422 ac.fi./acre or 66.6% of the diversion rate,

Figures for the later period, 1947 to 1952, for
this project, indicate a diversion rate of 8,00 ac.ft./acre and
1. Data from "Use of Water on Pederal Irrigation Projects", U,

8. Dept, of Inmterior, Burean of Reclamation,

2. Data from Anmual Crop Reports and Related Data, U, S, Dept.
of Interior, Bureau of Reclamation,
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losses to be 38.3% or 2,06 ac.ft./acre. Fam deliveries avere
aged 61.7% of the diversion rate or L9k ac.ft./acre.

The mean average consumptive use on this project
has been estimated by the Colorado Water Comservation Moard, for
the years 1938 to 1941, to be 2,2k ac.ft./acre, and the return
flow to be 5.40 ac.ft./acre or 66,3% of the diversion rate far
mmmmmmtmammnnm

ed and reused,

(k) Water losses in the main conveyance systen of the
Solorado-Rig Thompson Project, from the Adams Tamnel to Carter
and Horsetooth Reservoirs, totaled 18,500 acre-feet or 8,7% of
the amount diverted in 1956, For 1955 these losses were 16,L00
acre-feet or 6.3% of the amount diw.z

While some of these losses will inevitably oce
cur, they can be reduced, Canal linings reduce seepage losses
as shown on the Garfield Graevity Division, These linings may be
made of concrete, soil-cement, asphalt, or other materials, The
mdmwaqu.mmmmam“m
plant growth shows promise, In some locations, water losses
have been cut from as high as 50% before treatment with a bene
tonite sealer to as low as 7% after treatment. Cost of the
1. MMMW&MMMMM!,U.B-M.

of Interior, Bureau of Reclamation.

2. Anmual Operating Plan, Upper Platte System, U, S, Dept, of
Interior, Bureau of Reclamation,
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mummbmmmatwwmm
method now in use, mnmumou,m,um
muuumnuuammummm.
Iomlontharmﬂauelmmorum
mtmtothouduu-ibodlbmn. It is generally estimated that
Sﬂumfmhud‘audonvaryhhﬂ.duutohefom
factors:
1. Distribution losses.
2. Runoff or waste water,
3. Bvaporation,
ks Deep percolation,
mmuutionlnuumbtmbyuuuf
mmmmp-.numwm.mhrm
of underground pipe, Mmdmlienproblmunblm
W a good distridution system,

b. Reservoir losses, Losses on reservoirs can be re.
daudtvthwmm:nheumofnmirdiu. Tight found.
numwfomuonmlwmofmiwimbhm
toimmﬂuluwthufﬂnpathofmhﬁmﬁHMu
Seepage losses around or under the dam, Reservoir evaporation
m«nuwwuhmonormwuuu&
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themnutmxfmmmmbdngm Evarora-
umvm“hammuwhpmmmmtm
atwre drops with increase in altitude, it is generally true that
ﬂnhishnthnmﬂum&ompwuﬁm This is illus.
trated by the following table which gives evaparation in inches
per year at selected sites in Colorado along with elevation of
the site above sea level, as determined by the Upper Colorado
River Commission

Evaporation at Selected Sites in Colorado
o g S

Grand Junction 50.3 4730
Grand Valley .0 5090
Montrose Lo.o 5810
Glemwood Springs 38.0 5820
Lower Wagon Wheel Gap 29,2 8500
Sugar lLoaf Reservoir 21.8 10000
Upper Wagon Wheel Gap 215 9610

Mthim,otmn,mﬂnmwmn.n&
unhtinmw,mwdmowmm“, ete, The
mdmmhmnhhmmmmm
thuonetmiamt]ywmm. Reductions of as
m“&ammmmmmmm.

wmmwmmemmmm.
mmmvﬂmimntmmtothemwm
lumtothnutwnq:plyﬂrm@uminspim. For example,
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mmmmummwmm
Teduced from approximately 400,000 acre-feet to about 366,600
acre-feet between 1943 and 1996,

Ce M&. Inlminmnidmlnrmm
uumuwnnormm»mmnndmnty. Records
fwﬁedﬁﬁmmmmmﬂmuthem“
buwéﬁofthoumhnw,wnlmotm. Ire
rigation restrictions, ete,, actually inecrease this loss since
&oﬁwmummioaofihdim Leaks
in the distribution systeme are usually minar,

lrmrtm-mdminfaﬁoduthp!wml. Storage of
fwmnummnmmummm
imundation of flood plains,
MWthbyrmm
mem. In thie connection there
wm.mmuummmmmm
ummm-meuw
Guunoudauunnfcutohuuminstmﬂshnh-m
MundeMMﬁmmmm.
mmmmﬂumoaauoaorwmmumnm,
in 1942, R. J, Tipton said:
e e T i e, o,

hnudtarmpplmnulnppnu, mich more efficient use can
bondootthomtuifwbdnoonmﬁdaticud‘dit&um
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mmntyufmmmmpmm
been recognized for many years tut little has been done about

!
;
|
:
E
4
i

Ammmm”m:nuno:mmwm
wwmmwmmwmmmuwm
ities and thus conserve water,

IV. ARABLE IANDS, TRRIGATED AND NONeIRRIGATED
Acreages and Costs, The amount of land irrigated in Colerado
M-ﬁumhmmngtoummpplhrmm”
and other factors, Phdaoritmonmima-hmmm
in good water years, mronmngmumwaam
MWmammwmapmmmmmmm
ous drainages,

Table I, entitled "Preliminary Tabulation of Land
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Muﬁmmwh‘nnotm-m
nammmm-nmmmmm
mmmnmmamwamu
Mmmtmummmmmmmh.
In considering thds table, it should be noted that it 1o not
munruumummmmotmm“m
cernad,

Table IT shows & recomnaissance land classification

ummwma—qum-mmm.
mmcommwmmcow,umu
that there are 713,910 arsble acres on wiich water has not been
Mum%m“hmm»
basins,

mmmmmmmwm
MWM&.MMMMWMMW
the land into basins,
G=1 Of Irvigating land, e oot of irrigating law will, of
course, vary with each mrojoct, In many cases the land to be

MMMW:WNWW“M
receives some water, wmm:nmamm“
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As has been noted elsewhere, there is much more arable
land available than there is water to bwing that land under ire
rigation, However, in addition to the land and the water, there
is a third factor which must be considered and that is the cost
of placing water on the land and the ability of the irrigater
to repay something on the cost of construction,

A study of the cost per acre on some of the pwoposed
projects on the main stem of the Colorado River, on the Gunnie
son and in the Yampa-White basins indicates that they do mot
mmm&uwmmmmwmm
and in some cases they would be unsble to pay even the operase
tion, maintenance and replacement costs,

mmammmmmwmmwm);
feasibility studies are the most rromising omes, It is pro-
bahhthatahrppopwﬁmetthonnbhmmw&hm
verted into economically feasible projects under present econge
me standards,
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v. manmwmoanmnmmnoom.
mmm«muumwlﬂummm

trine of prior appropriatiom,
ms,wmmummmm-

E
|

Pmth-muumhshn-ﬁnm“-
mammu&mmum“mm
it. un,itMJAhMM'thlﬂdlthﬂMﬂuw
propriated waters of any natural strean to beneficial uses shall
never be denied", mmmwmmum
right to the use of the water, mom:mueum.m.
r-oninm,phuiuduuuamnm. Then comes agrie
cultural followed by industrial use. When a lower preferred use
M-mmwnmmmmmmm, its water can
NmtwmmMcmaﬂ;bymmm
u,mmumurwwmwmm
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Part Played in Develoment of State. It is generslly agreed

that the Colorado Water Law, based as it is on the doctrine of
prier appropriation, was largely responsible for the early devele
opment of agriculture in the State, Under this system, and with
no Federally financed Reclamation projects, came all of the dee
velopment in the Arkansas River basin, The same situation pree
vailed in the South Flatte River drainage until the recent come
pmdmmmm;nmmmm
supplemental water, The North Platte River area, including the
Laramie River basin, developed early under prior appropriation as
did the Rio Orande, White and Yampa River basins, On the Colorae
anwmmmum,mmunumm
Jects have been constructed; the Uncompahgre Project in 190 and
the Grand Valley Project in 1912, But this was long after prie
vate initiative on the part of early ranchers had started irri.
gated faming, On the San Juan and its tridutaries in Colorado
no Federal projects were commenced until 1938, Only two small
ones have been eompleted in that area to date.

Irrigated farming was developed quickly and on a sound
mwmmmmmummmm
until the summer flow amd the easily stored flow of the river
system had been entirely appropriated, Extensive and costly
tunnels and canal systems brought the Reclamation Service inmto
the State to comstruct the two projects in the Gunnison and Colow
rado River areas, The water supply in each case was procured and
is administered in conformity with Colorado law,
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vaﬂththeh-nﬁtofmuzht,mothum
let alome a better system, than prior apyropriation has been
mﬂtwmmmﬂhmh'smmw
to the present point,

M mum«:rmwwmmm
1ummmmhuwwummw
few years, and especially with regard to (1) the economics sure
rounding the remaining arable lands, (2) the approaching induse
trialization of the State and (3) the diminishing available
water supply.

Proper planning for industrial development involves the
procurement of, or at least an indication of, a dependable source
of necessary water supplies. The oileshale resources on the
Huh!u&npamtobomthmdpdmm
trialisation to that area. On the Bastern Slope each year sees
the erection of new mamfactwring plants,

MMWM&M!MMM&
as the population increases, Demver's acquisition of Western
mpnmnuwmmammmmm
which will provide for an expected growth, Colorado Springs partie
cipates in this development and looks about for other supple=
mentary supplies, All data available point to a heavy increase
in uwrban population, Commmdties that expect to participate in
m-mmummuwmmm
plies,
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Mach more arable land is available in the State than
there is water with which to bring it under irrigation, The
available surface water supply is quite well kmown. With the
MﬁemﬂmmmMmMmduw
supply the unappropriated remainder becomes less. Each new irvie
m;«mmmmmumm
Undwfhcolwndommstmpmmormmnmu
required to pay only that portion of the construction cost withe
in his ability to pay. Profits from the sale of electrical cure
mwmummunwtmwm.

Today the State faces increased demands for water for
mudcipal and mamfacturing uses, The agricultural demand is
MM,M&MMMMMMMM
mmlﬁnﬁmdtbutmmmﬂum
costs,

Defects.

2, Inflexibility, The provisions of the Constitutien
qmm“muhﬁobmmmmthm-'ln
arﬁn&mumekdlnquuuuymmmwm
one meaning today and another meaning tomorrow, Application of
thlﬂcpl'imiphstotbam.mufwamnﬁhinthom
hasbnntupmmmﬂnﬂahbnmdmofm. These
laws are necessarily inflexible,

During the early period of development, state water
plamning was not affected, However, at the present time water
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supplies for future industrial development within the State cane
mot be assured even though a water supply may be presemtly availe
able. The availsble supply may be aprropriated by some other
mwtmmiumemmmam
wrthmmwtothomnnumattmwm
ment, maumn,«m,mznmmmm
ning of water rescurces for the future,

In making this eriticism it is yecognized that the
mmmmmmmmnn
mmhcmmumunmmm
of this system,

b Effect on Soil Comservation Programs. Some people have
mmmm-unﬂmmmmm-pmw
mmmwuummmummx
Jurdor water right holders, In a letter on this subject Mr,
Konmeth Chalmers, State Conservatiomist, of the Scil Conserva.

tion Service says:
wmmmmwmmm
“wwr L. 1018 Lw‘?"mks“
as X can a ect
the State's water resources,
These projects can reduce the monetary damage

Mummnwummmmm
un,mmm,mupm
wmhmmmu
benefit the senior appropristars,

Ihohmt!utndnﬁnitoﬂlﬂnmuhimm
mmammmMMmmmu
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As the demand for the State's availatle water supplies
increases, more attention will of necessity have to be given
by landowmers and operators to with existing water laws.
This is particularly true in the fie of water spreading on
ranges and pastures,

In my opinion this problem can best be solved by one or
more of the following methods:

1. The awmer or operator of land who desires to spread
water should acquire a water right,

2. Adequate outlet tubes should be provided in the
water spreading dike or dam so that the State Engineer can
adequately administer the water,
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absorbed in the
more or less dry bed and thus lost to those

possessing surface water
wa

rights. Irrigatars on the upper reaches
of hmmm‘““““ﬂmdnmthﬂuchaﬁt.
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2. Surface Water.
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appropriation water doctrine imbedded in its Constitution, Idaho,
Now Mexico and Wyoming followed the example of Colorade in this

respect, Nebraska's Constitution dedicates "the use of water of
every natural stream to the peopls of the State”, and provides

that the right to divert umaprropriated water thereof for benee

ficial use shall never be demled except when such denial is dee

manded by the public interest. Arizona, Utah, Kansas and Momtana
adopted the prior appropristion doctrine by statute,

California, for surface water, has adopted by Constie
tutional smendment the principle that "All streanm waters above
the quantities required for existing riparian and appropriative
m-mmMomdlihom&Mhm
and use under State control®,

b. Oround Water. Colorado is surrounded by States that
have abandoned the common law and adopted by statute the doce
trine of prior appropriation as the law governing the use of
ground water, Idsho, Utah, Wyoming, New Mexico and Kansas ade
mindster their ground water supplies under this principles alse,
Montana and Neveda, MHebraska is an exception. In that State,
-mnmx,tusuw-cmmmmm
ciple that the American rule of reasomable use, in eonflict with
the cammon law, had been adopted im Nelweska, and was the law in
uutsunvnz Washington and Oklahoma also are prier appropriation
1. Select Problems in the law of Water Rights in the West by

Wells A, Hutchins, Govermment Printing Office, 1942, p. 31.

2, Water Resources law, Report of the President's Water Re.
sources Folicy Comsission, Vol. 3, p. 7hil.
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JmmhciMliﬂnumanﬂaunyiav-whuchpwu,-hvtuﬂ:ﬂu
common law dostrine that percolating waters belong to the cwner

None of the Western States operating on the doctrine
ufnﬁarqmnmﬂwunnhulnandmni3amu-a;nnxhnlqnl
method of reserving a tilock of water for development at a future
time, However, in Califarmia, "The Department of Water Resources
is authoriged by the provisions of Part 2, Division 6, of the
Watexr Code, to file applications to aprropriate water which
'in its judgment is or may be required in the develomment and
complstion of the whole or amy part of a general or coordinmated
ﬁhnluﬁh:tunﬂk&ndudhuu‘,w&nmuunlrum-rnp
iuutfﬂnnnhvauumulutﬂn!&d&...'ﬂﬁhrcﬂblhh
10500). Such applications are, in general, subject $o the re-
quirements and rules which govern applications by others, except
that the Legislature has mrovided from time to time that they ave
uﬁuﬂmwlﬁ:una&hﬁuv:unh.nﬂuaﬂdﬁtto&ﬂhnnuﬁ

# % 2% ® & & 2 5 B 2 8

"The foregoing rrocedure, wherely the Department of
\uhrnnmmu.-nnum:qmnnnmnsh’qmmn&dbtuuu‘-
priated water for general or coordinsted plans of development,
is the only presently autharised method wherely rights to the
m-etmummwdmhdu?uruwh.pnurnd1nnuﬂwnuuet
planning by the State,”

10 Bllllctd.nlo. J,ﬁ:sclhfu'ﬂawm,p. 216.
lhmmhmﬁotﬁnarmnmmuu,&wanuh»lhhﬁwﬁ&.




000954

-l e

"Mhis ability to file applications for future use
is further limdted by the 'county of origin'.

To the extent, therefare, that a unit of the Cali-
fornia Water Plan must depend upon a State application for
necessary water rights, under presert law, only water in exe
mdmtmamfwmdmlmﬁ.uﬂ
arigin would be available for use elsewhere,”

VI, STATE WATER PLAN
Some History. The use of water within the State developed in
accordance with the prior appropriation doctrine "first in
time, first in right®, (See Section V.) Individuals or groups
envisioned opportunities to create productive farm lands by ap-
plying water to the semi.desert. Construction of irrigation
facilities resulted in new farming commnities in all the
basins of the State, Soon the dependable flows of Eastern
Slope stresms were entively appropriated and some of the Western
Slope streams were in a similar situation.

The average flow of Colorado streams was appropriated
and irrigated farm lands developed in accordance with Colarado
water law, State wide plamming, outside of the Constitution
and the water code, was mot in existence., However, these lsws
were effective in enforcing a policy approved by the people of
the State. In general, lands and water were brought together
in the most economic way availsble to the settlers,

1. Ibid’ p. 217.
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mmummmm«.ﬁmwmm
mmmuwmmdmmmmun
they were brought into being,
1mmmmw'-uuumm
mm-a—yuwmum-w
mmbhm:mnmmm. A State Planning
Mmmmmmummum
ummm.mmmhmmm“
RBiver basins in 1936,
mm«rmmmuuuum
Mnmmmmmww
Board was mwmumnnn. and since
mu—mmmmmwdhmw
n&hwuwmmmﬁl
mmdedm.
The State Wster Develoment Plan. At a meeting of the Golaredo
Wwbﬁmmmmlﬂﬁ,ﬁﬂm
mwmrmmmmmnunmm
tbmnopaa-mmhrdwuhmmrwthnm
of Colorado, namely:

mnnmmmgmm: a contimation of
hmumdﬁam:le::'
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The Mancos Fro a contimiation of the construce
tion of the

Animas-la Plata Project.

The Pine River Extension Project,
The Paonia Project,

The 5i1t Project,

Cherry Creek Flood Control Project., Authorized;
mmaumwuimum.

mwmwmw
Project, mmrwwm

San Iuis Valley Project., Two parts: (1) Comejes
uut:m(z)mmu-pmmmm

mmmmuwmmm:

*mmmumummmumd

mﬂzmﬂ.ﬁt&unﬂmpﬂdﬂ.m-lwwh
mnmmmmmmmmm

Mnum“mmmlmﬁtm”m-
MWW“W“M&W-&M

for development in the future®,

mmnﬁusmmnq,mm

mmmmmummmm

Je
k.
1.
n.
n,

Oe

Smith Fork Project.
Fryingpan-irkansas Froject.

Curecanti (940,000 acre-foot) Project.
Denver-Blue Diversion Project

Florids Project.

Trinidad Reservoir Project (Purgatoire River),
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e. San luis Valley, Conejos Umit - completed,
ﬂuthhmub!&urahmqp!Muunlwl(E.L.NE,
Blth Congress, 2nd Session) includes the following Colovado
participating mrojects:
f. Pine River Extension Project.
8« Smith Fark Project.
h, Florida Project.
i. Paonia Project (partially completed).
Jo 8ilt Project.
anﬁnﬂnﬁhmﬁwﬁnnﬂoﬁhu
agricultural economics repart., Such a report has been come
phhdmthhoﬂnnﬂthom&othnwmiﬂmmm
priation,

Under this Act, Colorado is to be aredited with L6
Ma‘rthnmmthouhormhuﬂum
leplm-!.nmofmm. However, this
thmmmmmwdmm
mummmmmemarnummm
&Stahtoﬂﬂ.chmdlrmumnmtim......'.

A partiecipating mroject is an irrigation project ineluding
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orized, st an additiomal $209,881,)50, The Corps of Engi-

nears, Us S. Army has spent $31,088,489 on flood comtrol pro-
:m;mmuﬂmmum.xs.mmt
appropriations,

Dofects in Flan. There is an inherent defect in the plan with
respect to reserving water for future use. As the State ar.

rimﬁapndﬁuﬁmiﬂmlﬂnduﬁwmﬁm
u.wwmnmuﬂmmmmm
in the Colorado River basin, we become conscious of an urgenmt
mddaddiﬁml“fwmﬁdplmuamknfm.
ulation inereases, mmmum-nwumu

mwmnuudmmcolwmm. A e
wunmmmmwsmmmwm
vw,tutthemmmimxrﬁdmtfortbem
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population, wmwawwndmwm
tunthW,ndmdlnlNurMmmcfm
wummﬂm,mmmmmun

mhmmhmthomvorru-ﬁngtbm-
Ply. m,ummmuwmmuumu
mrlhﬂdhtomtmmmmddimtom
beneficial uses, they have the rigit to do so,
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Fossible Remedies. Gven in areas where dependable surface
water supplies have been fully appropristed, water for urban
mimwﬂiﬂhﬂnﬂlypurobmormw

tural rights, If a change in the point of diversion is ree

quired, legal action is necessary to obtain in effect the cone
lmtafmmrmwnwummmmm The pure
mamwmmmﬂnmmmmwhm
volved in some cases, anu,unt,mm
mwmewammmmmmnwu
free to develop such supplies if it can find them.

Water for industrial uses may also be obtained by
mwmdmmuﬂlthrmmww
appropriation, Mmmwalnhow:ln
favorable areas, anmmwm
umnm,uua-mmmmmmumm

What changes should be made in the plan to betber
Tit conditions of today? It is admitted that prior appropria.
umumhn.mmamm'smumsm
mumummﬁnsutouu. Particularly
well fitted for private mtlltiwinmn'mhd!n]m
pu'iod,uudu-todw'semumitraﬂstomddoam
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of guaranteeing 2 water supply, holding a firm reserve for fue
ture expansion,

As previously mentioned, Califorria by constitutional
amendment makes it possible for the Department of Water Re-
mhﬁhmwwum,wmm-
ﬁmmmwmmwctm
and hence holds water for future development, Would such an
amendment be an aid in the industrislsation of Colorado and
mpzmidi.untwnppnufm-ngﬂutlyimndmhtw

Summary

Units of water development have been adopted after
MMmemmammmu,wua
mammmmsmmmm-m-mw&.
State Water Conservation Board, The Curecanti, Pine River Ex-
tension, Florida, Smdth Fork, Pacnia and Silt projects have
hmmwwﬂmnhmtomq’MMcﬁim.
Generally speaking these projects promise the greatest advan-
tmnummmntutﬂudwmrumm
the State,

Twenty-one projects have been selected for priority
of study by Public Law LSS, Of these, those that possess engie
mmmwmwcm,zommn.
quired, will be eligible for construction from the funds credited
to the State of Colorado under the law,

nnm;}ocbsmwmthmmwldﬂlsoimm
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one, wmmwrormmcummmnamm

mmmwmpnmummmm. This procedure

will take considerable time, pemmﬁuntytohmty-nﬂ years,
If projects lhouldmlnmh, on which water

changes can be made, Thmitmmnt%aotnu
mh,amumwumrmmmm
nmmwmlar.domwm Just how this can
Mbedomhumtbundﬂﬂwdmd.
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SYNOFSIS

It has long been known that the dependable surface
water supply on the Eastern Slope of Colarado is over-appro-
priated, with mractically nome available for future development.,
The tables in Sectlon I and the aprendix show the river dis
charge at several selected points in each basin, On the Weste
ern Slope there is some water for future irrigation and indus-
trial developments if reservoirs are tuilt to stare water over
the required periods of time, Inesmuch as the land to be irrie
gahdemtpvthomﬁnaoltotmtmﬁingtheum-
m,mmimmurmmumuhmu
share of the income from the Upper Coloredo River Storage Act.

The total amount of water produced in the basins in
past years is quite well imown, From this data projections may
be made into the future, However, accurate determinations of
mmmmnumtumndmmm
gation projects have mot yet been completed, Procurement of the
required data requires several years of stream flow measurements
wmumnmuumrmmnmm
struction of the projects can be made, The State of Colorads
cooperates financially with the United States Geological Survey,
Surface Water Branch, in making such studies and must contime
todomﬂﬂxonmﬁmdmmtohemilahhforcow
sional action at the proper time,

Colnradohuuhrpmximlopodammotv&tumppjy
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in its ground-water basins. The extemt of this supply will be
determined when a complete groumiewater inventory of the State
is finished, Twenty years will be required to complete the

survey in case presemt apmropristions and cooperation with the
United States Geological Survey are comtimued, Coincidentally
with this work, the State should be locating possible underw

ground storage reservoirs for staring surface water in advane
tageocus situations,

A majority of the population of mumicipalities receives
water from surface water sources, The long drought of recent
years has emphasized, especially on the Sastern Slope, the possie
bility of securing water from underground sources, This situae
tion has also impressed municipal suthorities with the necessity
of making studies for additional supplies in order to keep a=
breast of expected increases in population,

The Report notes the very comsiderable losses expere
ienced between the point of origin of the supply and its appli-
cation to the crops. Research on low cost canal linings is
reconmended., Studies on the subject of comsolidstion of ditches,
it is thought, would point the way in many cases to the consere
vation of the water supply. A more strict imterpretation of
the termt "beneficial use® would also assist in conserving the
supply and reducing waste.

Tables are presented which show that there is much
more arable land than there is water available to bring such

i1
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mﬂm#hnwﬂlomﬂhnoh:ﬁwﬁnm‘.Ebnﬂdatﬂuqunud
;mummlmminﬂu:mwuuummmnnmbahuowﬂlnm,1tq»
lnu%,hoduntopu'urpmﬂcﬂihlcmwuudnw:mmh It
mummnhmmmtummum
uutpnuumlﬂﬁd:ﬂalnulnanptnﬂu:rumﬂhﬂtnauun
yardeticks,

The doctrine of prior appropristion has served the
Mmmmmu&ﬁathmmam
entire State is based wpon it, The doctrine was well suited
to the conditions which obtained during the early economie
development of the area, At the rresent time, with the limited
mundnnsqmb;rtmnlmnlu-tobommuuh,wuurﬂn
m,wwmnmwmmrmmmmw
ment, msm.orcnmmmmmtmuuw
mmmwuw.wmummunu
u:unmrqrumﬂluumlndlumdmlﬂntnquﬂnwktﬂnial
diligence requirement after the filing, In this way it is possi.
bhmmtmmﬂmmammrmm
trial or agricultural use, Such a procedure seems to be ome
Mhulnumucelm'smmudhwhm“w
for use in future develorments,

mm:mmwmmmmmnmu
upon a selection of the best available irrigation projects - both

i1
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large and small. Since the advent of the Bureau of Reclamation,
these projects have been thoroughly studied and subjected to
State scrutiny before final approvel for construction, Puture
developments on the Western Slope call for the plaming of ire
rigation mrojects whose construction costs will be paid far
largely by income from the sale of electrical energy,

iv
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APPENDIX

STREAM FLOW AT SELECTED GAGING STATIONS

IN COLORADO
(In Thousands of Acre Feet)

Colorado River Basin

White River
White River near Meeker
White River near Watson, Utah

T River
ampa Hiver at Steamboat Springs
Elk River at Clark
Little Snake River near Dixon
S8later Fork near Slater

Tampa River near Maybell
Little Snake River near Lily

Main
Colorado River at Hot Sulphur Springs
¥Williame River near Parshall
Troublesome Creek near Troublesome
Blue River at Dillon
Snake River at Dillen
Tenmile Creek at Dillon
Blus River below Green Mountain Res.
Roaring Fork at Aspen
Crystal River near Redstone
Plateau Oreek near Cameo
Roaring Fork at Olenwood Springs
Colorado River at (Glenwood Springs
Colorado River near Cameo
Colorado River near Cisco, Utah

Gunnison River
or River at Almont
Bast River at Almont
Tomichi Creek at Gunnison
Lake Fork at Gateview
Cebolla Creek at Powderhorn
Guanison River below Gunnison Tunnel
No. Fork Gunnison River near Somerset
Surface COreek at Cedaredge
Uncompahgre River at Colona
Kahnah Creek near Whitewater
Gunnison River near Grand Junction

#Except for periods as fioted.

ucrgg! Runoff

#*

L59.0
558.7

338.1
260,1
397.1

1149.4
Lh9 b

L26.7
106.4

83.3
48.8
89.9
(1938-1955)
92.3

171.5
993.9
1990,2
3353.5
£866.1

246.6
250.9

(1938-1955)
(1938-1955)
1004,9

20.2
201.5
31.2
1943.2

334.8
88.8
34.5
754
L1.6
81.3

362.1

65.5
254.7
138.7
873.5

1708.0

2885.2

5073.7

216.5
225.5
121.0
181.8
73.8
820.1
31L.6
17.5
181.9
26.4
1681.9
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APPENDIX

1vorlE! Runoff

Dolores River

*

es River at Dolores (1922<1955) 332.5

Dolores River at Gateway

San Juan River
Bast Mancos River near Mancos
West Mancos River near Mancos
¥iddle Mancos River near Mancos
La Plata River at Hesperus
Animas River at Howardsville
Animas River at Durango
Florida River near Durango
Los Pinos River near Bayfield
S8an Juan River at Pagosa Springs
Pledra River near Pledra
Rio Blanco near Pagosa Springs
Rito Blanco near Pagosa Springs
Navajo River at Banded Peak Ranch, near Chromo
Navajo River at Edith
La Plata River at Colorasdo-Hew Maxico State Line
Animas River near Cedar Hill, New Mexico
San Jyan River at Rosa, New Mexico
Mancog River near Towaoc

Missouri River Basin

North %%gtto River
| tte Hiver near Northgate
Laramie River near Jelm, Wyoming

South %’t“ River
Sou tte River at South Platte
Bear Creek at Morrison
South FPlatte River at Denver
Clear Creek near Golden
St. Vrain Creek at Lyons
Boulder Creek near Orodell
South Boulder Creek near Eldorado Springs
Big Thompson River below Powerhouse, near Drake
(1918-1955)
Cache la Poudre River at mouth of canyon,
near Fort Collins
South Platte River near Kersey
South Platte River at Julesburg

#Except for periods as noted.

18.8

3.6

624.0
84.1

119.5
27.6

878.7
k5.3

326.8
1.1

200.7
41.0
264.6
169.8
92.8
67.2
54.0

134.6
289.5

53k.7
3h1.9

*

308.5
631.6

253.1
97k

2u7.8
36.5
229.7
159.9
86.1
61.7
50.9

130.2
245.0

Ll .6
278.7
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Average Runoff
Im:ﬂgg 1530195
Kansas River
Ariksree River at Haigler, Nebraska 20.4
Frenchman Creek below Champion, Nebraska (1936-1955) 30.2
No. Pork Republican River at Colorado -
Nebraska State Line (1925-1955)  35.6 3k.8
Arkansas River Basin
Arkansas River at Granite 250.1 2Sh el
Arkansas River at Salida L48.3 433.1
Arkansas River at Canen City 507.0 L8O,
Arkansas River near Pueblo 498.6 k52
Arkansas River at La Junta 198.7 189.7

Huerfano River at Mansanares Crossing
near Redwing (1924~1955) 2k 24.0

Apishipa River near Powler (1940-1955) 27.2
Purgatoire River at Trinidad (1916=1955)  64.5 63.0
Purgatoire River near Las Animas 98.7 87.9
Arkansas River at Colorado-Kansas State Line 265.6 241.0
Rio Grande Basin
Rio Grande near Del Norte 680.5 598.0
Rio Grande at Alamosa 211.0 140.9
Conejos River near MNogote 253.5 228.3
Alamosa Creek below Terrace Reservoir 78.8
Rio Orande near Lobatos L40.3 332.7
Conejos River near La Sauses 161.2 131.)

#Bxcept for periods as noted.

Based on records of U. S. Geological Survey and Colorado
State Engineer. In some instances extensions by correlation
have been made for years of no resord.




