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5.--Map of Ced.ar City Val-ley showing locatj.on ofatproved unperfected applications, unapproved.appllcatlons and. anounts in acre_ieet oi

]938 to r9l+c and rt!, to r96i ,

proposed ground-water d.iversion.



J.!!UD.L rlH.L _LUI\tD - -UOnl InUeO

pace
Flgure 5. --Change in water ]evels as related to the

diffeience between the annual- flow of CoaI
Creek and the annual_ purpage in the North Area . . 19

TABI,ES

Table l. --Unperfected approved. we1l appl_ications on flle
in the State Engineerrs Office January L966 . Lz

2.--We11 applicati-ons approved but not perfected
over .l cfs j.n Ced.ar City Vauey listed. by the
year in which proof is d.ue. 1I

3. --Ad.judicated acreage ln Cetiar Valley . L6



GROUND- WATER CONDITIONS AND FNLATED
WATER AX {INISTRATION PROBLEMS IN CEDAN

CITY VAI,IEY IRON COUNTY. UTAIi

3y Jack A. Sarnett 1/

IntroductLon

Ced.ar City Valley conprises about l-92, OOO acres in eastern

fron County. Most of the .Land. is used for some forn of a€riculture
aetivlty. About one tenth of the l_and today is used. to prod.uce agri_
cultural crops.

Because of the seni_arid. cl-inxate, nost a€rj-cuLtulal crops

require inlgation. The first irri.gatj.on i.n the area l,as ac c onpl-lshe d.

by diverting the fl-orr of Coal- Creek and some of tbe small-er surface

streams onto the larid. As tbe egrlcultural econoqy has grovn, how_

ever, ad.ditionaL sources of watex r{ere needed.. Thi. s ad.ditional water
has been deveLoped from the ground-water reservolr which has water in
stora€e beneath the l-and surface.

This punpa€e, which appears to be at a rate greater tha,n the
naturaf recharge, has lovered the ground-vater levels in tbe area and

the ground-water l-eveLs continue to d.ecl_ine. The State Engineerrs

Office has, in the past, approved. several appl_ications to appropriate
additionaL trater fron wel-ls which have not been d.eve Loped to d.ate.

There are also addj.tlonaL appticatlons on f1l-e i.n the State Engineer,s
Office whlch have not been approved.

! Prepared by Jack A. Barnett, Hydrologic Engineer, Utatr State Engin_eer' s Office u.rder the dlrectlon of Franci! T. I"lavo,
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The Stabe nngineer &ust now d.elerDine whet pol_icles the

offj-ce vl]l ad.opt concernlng requests for extenslon of t1!€ in whlch

to subnit proof of appropxlatlon on the alree{r approved. but unperfect_

ed wel-l appLlcatlons ln Cedar City Ve11ey. the office nust also ad.opt

a firn pollcy wlth respect to new unalproved. vell appllcatlons whlch

request pernlssl0n to develop ad.clItlonal ground water. The estab-
J.lsbeti water rlghts, preEent anal past punlplnS rates, and. the ground-

water hydrology of the erea nust be und.erstood. and evaluated ln the
fonnulation of these pollcles.

prevlous Investlgations

Ihe water resources ol Cedar Clty Valley heve been und.er ln_
vestiga,tlon through cooperatlve a€reenents betl,een the U. S. Geo1ogl-

cal su:'vey end the utah stete Engineerrs off,1ce ar yarrous r.evers of
activlty for the past jo year6. several of the lubllcBtions lssulng
from these lnve stiga,tlons . were referred to ln preBarlng thls report
and. are avallable, lf addltlonaL lrfortu,blon ls deslred. In 1945 the
U. S. Geologlc&L fjurvey ]ubllsheal Waber-Supply faper 993 entltLed
"Geolcgy ard. Gror.urd-water Resources of cedai: clty and parona.n val-
1eys". Ihis . coapr.ehenslve publlcatjon vas authored by H. E. ThoEas

and O. IL ,Iaylor. Teclmlcal Ilubllcatlon No, T of the Sbate XngJ.neerrs

Office p[blish.:d ln $52y 1nc].rrd.es a chapter by U. E. Thonas on Cedar

Oity V&]]ey. ,.lhornas lat:er authored professlonal" Faper 3.f3_E for the
u'$'c'[t' entlLled "Effects of Drought 1n ra.ins of rnterlor Dralnage,,,

In ttri6 pubLlcation he dlscusses water leve1 d.ecLlnes 1n the Coal

Creek tr'a., and thelr relatlon to strea:n-f1o,,r end. grouhd.-water purnBa€e.
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The relationship. Ttionas found. compares favorably vith more recent

find.ings d.iscussed later in tbls report. Much of the basic data useti

in this report r,/as obtained from a report prepared. by G. W. Sandberg

of the U. S. Geological Survey and. published as Basj.c_Data Report No.

6 ly the State Engineer's Offlce, Add.itionaL informatlon ca.ne from

unpubl-ished record.s on fj.]e in tbe U. S. Geol-ogical- Survey's Office

in Sal-t Lake Cj.ty, Ihe Utah Water ancl power Board has publ_lshed a re_

port entitl-ed "Grormd-Water Conditions in Utah, Spri.ng of 1964 " which

was also refened to. A report authored by G. W. Ssrdberg of the

u.s.G.s' enti't]-ed "Grou'd.-water Resources of ser-ected Baslns 1n south-

western TJtatr " has recent\y been rjleased. to the open l,ile and w1l_I

soon be published by the state Engineerrs office as Technical publlca-

tion l\c. lJ, The report by Sandberg should be referred. to, if addi_

tionsf inr'ornatj.on is desired on the movenent of growld vater into and

out of the basin, IIe also cornments on the possibLe effect of ad.dition_

aJ- deve lopnent of ground wate' on lrater leve]-s in the area. rnforua-
tion f]'om Sandbergrs report was free\r d.rawn on j.n the preparatlon of
this shcrt Infornration Bul.l-etin.

General llyd.roJ.ogic Conditions

Crder City ValJ-ey i.s essenfially a closed inter_nontane

hg,sln. fre :ipi'"a,t, j.on is 11ght, a^uounting to l_ittle @ore than ].O

j.nch.-:s p.i yeer on the vall_ey floor:. This l-ack of precipitation results
in a s:ni-arid climate and. virtually aLL of the lrater reaching the

val.ley by trrl'ec j.pitat ion, surface strea&f1ow a.nd. und.erground seep8€e,

i6 consrjxo.id within the valley. The very snal-l amount of water not
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consurned within the vall-ey, discharges into other d.rainages in quanti-

tj.es il-l-ustrated. ln figure l_. Sandberg vas ab.l_e to conpute novement

of grourd. water between d.rainage basins from r.rater-1eyel- d.ata and. a

knowledge of the nat'.lle and extent of the sedinents. He estimates

that onfy about l-50O acre-feet of underground water seeps southward

from the valley near KanarravilLe annually. An additional )IJ acre_

feet flovs fron the valley to the north and. vest through lron Springs

gap, and l-00 acxe-feet through Twenty-l,tile gap. This outfl_olr of water

is more than offset by the estimated 3OO0 acre-feet of und.erground.

r{ater that annual\r seeps fron parowan Valley to Cedar City Valley

through Winn gap a:rd the adjacent mountain mass and. reappears as

springs near Enoch or recharges the ground_lrater reservoir directly.
Water l_eveI neasurenents indicate that an underground. water

higb is present in the val-Leir whlch essential-l-y d.j.vides the valley
into two seljarate undergror:nd. lrater basj"ns. Thls hlgh j.s lndicated.

by lvlarch 1962 vater l-evel_ neasurements and is il-lustrated by the at-
tached flgure l-. Thj-s divide, or ground_water hlgh, extends almost

directly west f'ron the connunity of Cedar City. Ttre ground._water

divi.d.e provides an opportunlty to consider the valJ"ey as two separate

sub-basins for undergrorind. water administration purposes. These

besins afe referr:d. to in the report as the Ncrth Area and the South

Area. Bot-h L-'r' the basins have separate outlets from Ced.ar City Val-Ley

and. bot.h basine have separate pl-aya Lakes. ,Ihe playa in the North

Area is Rush l,a,ke and the playa in the South Area is euichapa I€,ke.

Althougb it would be possibl_e to Eove this d.ivid.e north or south by

grcund-water devel-opnent, it is unlikely that tbe present rate of
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development in one. area l,ril-]. lnterfere wlth develoDnent in the other

area in the near future.

Sone water in both areas is Irasted eacb year by evaporation

and transpj.ration from water surfaces and phrealophytes. It is esti_

nated that 50O acre-feet annually 1s l-ost from the surface of euichapa

Ieke to the atmosphere. This toss of water has been reduced. in recent

years by the lowering of the water levefs. The lowering of growtd_

water level_s in Cedar Clty Vauey from March l!6L to March 1965 and

ttre declines for selected well_s from March l_950 to March I9b5 is
ll]-ustrated on the attached figure 2, The lovering of ground._water

l-eve l-s is also il_l-ustrated. by the vater-level decl-ines measured in
vell- (C-35-11-)33aac-L and recorded in a hyd.rograph on the attached

figure J. This figure graphicar-r-y irr-ustrates hon the water r-evels in
the Coal- Creek al_luvial fan have d.eclined as the average precipitation

in the area over the fast decad.e has decli.ned, Ttte watex level d.e_

clines, although at a naximum j.n the Coal Creek fan, have been observed.

through the entire valley. Figure 2 indlcates that vater levels have

decLined in the l-ast r5 years 3l+ to r+o feet in the coar- creek fan north-

west of cedar city, 11 to 13 feet in the south Area near KanaffavilLe

and Quichapa I€.ke and less than 2 feet in the Rush l€.ke area"

the figure 4 illustrates how the fLow of Coaf Creek has been

below average in 9 of the t3 years fron L953 through 196:- ana the punp_

age in the North Axea for irrj.gation has varied in response to these

cnanses.

?
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Figure 2,-Map of Cedar City Valley showing change of water levels,
March 1964 to March 1965,
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Figure l+. -- llydrograph of flov of Coal Creek for each rater year from \g39 to
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Pnesent and. Past Underground Withdrawals.

there are presently about 1OO large diarneter pumped vel-l-s

in Cedar City Va11ey, Most of these have been used. for irrigation

purposes and in many cases, the wells are used as a supplemental sup-

ply to surface sources. The largest source of surface lrater is Coal

Creek and figure 4 illustrates hov the increase or decrease of flov in

Coal Creek influences the purnpage for iTrigatlon purposes. In years

when the flov of the creek d.eclines, the prunpage increases and. as the

streamfl-ow increases the irrigation pumpage decresses. However, j,t

woul-d appear from the figure that an increase of flow in Coal Creek of

B0O or 11000 acre-feet results in a decrease i.n prnnpage of only ZO0 or

300 acre-feet. It can also be seen in flgure 4 that the average pump-

age fron the North Area for irrigation over the past 20 years has been

about 151560 acre-feet, and that over the years the annual pumpage has

been increas ing.

Tn \)6\ there vas just over 22rOO0 acre-feet pumped in Cedar

City Vau-ey for all uses cornbined. About \rOOO of this uas pumped in

the South Area and ab out 181000 in the North Area. ft 1s significant

to note that vater levels as indlcated by the hydrograph in flgure 3,

have declined. rather steadily since the annual pumpage approached.

1!,OOO acre-feet in 19L5. The generally below nonnal precipitation

since 1950 has urdoubted.ly influenced the rate at vhich water fevels

have d.ec1ined..

Autborized Future Withdravals.

There are 24 approvecl appl-j-cations, each to d.ivert in excess

of O.l- cfs, for the d.evel-opnent of additional groundvater in Cedar
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City Valley in good standing in the State Engineerrs office. Table

l- il-l-ustrates that 13 of these appllcations are in the South Area and

l-l are in the North Area. An attenpt was nade to esti.nate the addi-

tlonal dlversion in acre-feet that has been authorized vi-th the ap-

proval of these appl-ications. Most of the applications were for irri-

gation purposes and a factor of J acre-feet per acre was used when the

applications proposed the use of ve]-f water as a sole supply. For ap-

pllcations under whi.ch the well-s are to be used as a suppLenenta] sup-

ply, a factor of l-.5 acre-feet per acre was used, unless additional

linj-tations in the application further restrlcted the water use. Ap-

plication 27864 in tbe nane of Cedar City for ) c.f.s. presented a

speciel- problen. It was deternined that at maximum devel-opnent, the

city night be al-l-owetl I0 acre-feet per day for 365 d.ays a year.

As can be seen in table f, these pending applications would

a1lolr the diversion of an estinated addi-tional- l-!r4lB acre-feet. Of

this tota1, 9085 acre-feet couLd. be developed. in the Soutb Area and

I0r353 could be deveJ-oped j.n the North A.rea. These fi.gures nay be

conservative, as future couxt action may result in a higher duty of

water per acre that could increese the estinates by as nueh as a

thlrd. The locatj-ons of these potential diversions are indicated in

figure 5, The circles represent locations of approved wel-l- appLica-

tions for nore thar .l- c.f.s, under vhich the vell has not been

tiriued. The circles vith an incl-ineal line running through them, are

locs.tions of aDplications und.er which the well has been dri]-]ed.
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The four triangJ.es represent the l-ocatj-on of

The numbers to the side of the wel-l- Iocations

nated future potential acre-f oot r.rithd.rawal-.

urapproved appU.cati.ons.

are the aeount of the esti-

Al-l- of the approved pending applications have proof-due dates

in 1965, I)66 or I)6'(, T?ris is il-tustrated by table 2. fhe tabte

points out that the applications that have proof-due in I96j are older

appu.cations, al_l in the Soutfl Area. Many of these applications have

had. some d.evelopnent. Almost al-l- of the eppllcations which require

proof-d.ue in 1967 are in the North Area and involve applications ap-

proved wlthin the past two years, with no d.evelopnent accomplished to

d.ate. Fifty per cent of the 24 approved, pending appLi.cations vere ap-

proved in the l-ast tvo years,

Potential Withdrawats Recognized. by the proposed Adjudication.

Ttre State Engineerrs Office is presentl-y enga€ed in the de-

termination of water rights in Cedar City Va1ley draina€e as part of a

general- adjudicati.on of water rights bej.ng made by the Dlstrlct Court.

Water rights have presently been established to irrigate about IBT2OO

acres of l-and in the VaLley as tabulated in table 3. Of that total

about 5r5Lo acres receive their sol-e suppfy of water fron surface

sources, 4r2l-b acres recelve their sole supply of water from the und.er-

gror.md sources a-nd about TrLBO acres receive vater on a suppLemental

basis fron both surface and ground. water sources. Ihe p6l+ Water Com-

uissionerts Report ind.icates that in practice water use ranges from

.OT to l-4.l-7 acre-feet per acre per year. The proposed. d.eternin-

ation suggests a duty of 3 acre-feet per acre per year. At the rate



aoL'rs z.--welr appllcations approved but not perfected over .l cfs incedar c'ty valley listed by the year in vhich proof is due

NORTH AREA SCT]]|H AREA

fti*ii"' 
*r*,**,, r*'gr,*ffii:-o fts;" 

frffiiiii: ffli#I+il:,_.

Applications Wjth proof Due in 1956,

( f e96 15 1l+ T) 9i Bro t4' 73-1023 90O L2 7?- l nq2 r^qn
73-Let2 15!o 5 +i-;;;, ';;; ;73-L9I7 120 2 ??_ IA"R 1.7.,7|-zoii r5oo a''
T3-zoj6 ]too 2
Total ,-(15 T2(.1"

Applications With hoof Due in 196,

Total 0

73-570 2l+o zL73-66 t3l+ r?73-790 3oo 973-ro22 r5O It73-rol+9 t!\o 573-ru5 55o B
?3- r9r-0 285 l+

73-I9L9 3650 9
@ry

Applicat,ions With pr,rof Due In lir67

73-329 1310 2 T3-13o3 30 z73-520 llf i0 2 '
73'L5O3 ir -io 2
73-1558 9oo 3
13-1929 iri'A 2

30



Acreage

4216.1

t+7r7.8

,93.7x

r07.2

r97 -2

793.r#

61. o
LUIZO,>

587r.5

169. o

000. 0

786.5

000.0

<)' a E
Y-"''t

7+79.5

18zo5. o

TabLe 3. --Adjud.lcated acreEge in Ceder Vall-ey

SoIe Supply Rigbts

Source

Underground. Water

Coal Creek

Quictrapa Creek

D:neen (Leecbes) Creek

WaLte r l,turie Creek

Sburt z Creek

Braffits Creek

Supplenental Surface end li::d.erground, Rights

Coal Creek and Ltrnderground.

Quicbape Creek anti Underground

Duncan ( l€eches ) end llndergror.rnd

Halter l,lur1e Creek srd Undergrou.nd

Shurtz Creek and lJnderground

Braffits Creek ald. Underground

?ote]-

xPending vel} perni t will be supplenentel- to thls rigbt.

r+Pend.lng vel-l- pernits LriLL be supplemental to part of this acreage.
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of 3 acre-feet per acre, the proposed deterndnation would allow the

vithd.rawal from the underground. of about I2|6JO acre-feet of vater

per year as s. sole suppl-y for irrigation purposes. In a very dry

year when littl-e or no surface water is avaj.lable to be used on farm

acrea€e vith a supplemental- surface supply, an addj.tional 22r\5Q acre-

feet of water could be withd'I'awn to j.rri.gate these supplenental lands.

This me€Jls that ln d-ry years a maximum of about ?( lnn qnro-fcp+. nf

vater could be wj.thdrawn fron l'e}]-s under present establ-ished j.rrlga-

tion ri.ghts, with a duty of J acre-feet per acre. Ttrls is about

1JrO00 acre-feet more than the &axinutr wi-thdrawn in any given year to

date and. d.oe s not incl-ude already established. rights for the diversion

of water for intlustrial, stockwatering, domestic or municipal uses,

Potential Future Withdrawal-s and Future Water-I€vel- Declines

Durj.ng the period between 1p)6 and 1p64 the avera€e total

pwopage for all uses in all of Cedar City Val,ley vas about 2lr20o

acre-feet. T'lf,e water 1evels in this Deriod have shown s.n ahost con-

start d.ecline. It is expected. that the water levels will continue to

d.ecLine, if the punpage rates renain at about 211200 acre-feet annua]-ly

anri the opportunities for recharge do not improve significantly. The

authorized withdrawal- of an additional- 19r\OO acre-feet, if accom-

pl-isheti, woul-d bring the total withdrawal to over 4OTOOO acre-feet a

year.

If maximunr d.iversion of sround water vas nade under the ir-

rigatlon rights set forth in the proposed deternxination at a duty of

3 acre-feet per acre, the total- yearly withdraval with the develop-

nent of the approved appl-ications voul-d be over 55rOOO acre-feet'



This would nore than double the averase withdravals that have been

recorded. over the past 9 years. ff future pumpage wlder presently es-

tablished water rights continues at the present rate and the 24 ap-

proved applicatlons are perfected. antl pu[ped to a rnaximr.m it vould in-

crease the pumpage in the North Area from 19,000 acre-feet in 1959 to

over 291000 acre-feet, and the pumpage in the South Area lrould increase

from a max imum of 4,400 in 1!60 to almost 14r500 acre-feet. Ttre d.evel--

opnent of this anount of additional water can only be accolp]-ished ]rith

a significant fu-rther l-olrering of the vater level-s.

An attempt was rnade to project futu-re water level decl-ines

with the expected increased purnpage. It vas found. that a correla-

tion exists in the North Area between the average annual later leve1

changes in B selected wel-Is, and. the annual water year ( October-Sep-

tember) d.ifference between the flow of Coal Creek and the volume of

groundvater pumped in the North Area. This is illustrated by a

graph in figure 6. Thi.s graph ind.icates that vater levels vlll de-

cllne when the flow of Coal- Creek exceeds the annual pumpage by less

than 121000 acre-feet and that watcr levels vill rise when the differ-

ence is greater than l-2,0O0 acre-feet. Ttre water level rise or de-

cline s.s il-lustrated. by the slope of the line in figwe 6 uill be at

a rate of 1 foot for every 51625 acre-feet of remainder above or belov

l2rOOO acre-feet. Tbis implies that with the present use of the

stream, vater level-s would naturally decline in years when Coal- Creek

flows less than l-2r 0OO acre-feet even if there was no groundvater d.evel-

oDment .

In the period. fron 1,939 to 1!61+ Coal Creek has averaged. a
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flow of a little over 2l-rOOO acre-feet. This means that in a year of

avere€e streanflou conditions vater levels vilL tiecline when pr:mpage

in the North -Area exceeds lr0OO acre-feet. Assundng a msximum punp-

a€e of 29r0OO acre-feet in the North Area for future vitbdrawals as

was d.one earfier, predlctlons can be nade of future ground-water level-

d.eclines. With this allorjrt of pumpage and with avera€e strea:nflow,

the water fevels should d.ecline at aJr avera€e rate of 3.6 feet per

year. If ground. vater is prmped in the North Area at the avera€e

rate of 2!1000 acre-feet annual-l-y for the next lO years, the average

vater l-eve1 dech.ne over that period. should be about 36 feet. pLrnpege

d.ata and. strearflolr record.s for the South Area are not suffi.cient to

pernit establishing a sinl]ar rel,ationship for that portion of the

vaLley.

Conclusions

Water 1evels have been declining for the past 20 years in

Cedar City Valley antl the rate of decl_ine has been increasina in re-

cent years. This is due to increased ground-vater developnent and

punps€e and belov normal precipi.tation. The water rights al-ready es-

tabl-ished as set forth in the pending adjudicatlon and the additional-

approved. applications, which can be developed, make it very likely

that future ground-vater putrpa€e vill- be signiflcantly greater than

at present. Baming a najor upward trend j.n precipitation, the water

levels should. decline at ar increased rate and pumping Lifts arld co6ts

shoul-d. become greater.

The approval of the 4 pending unapproved applications would
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add an additi ona]- 289, acre-feet to these totals. It vould appeer

that j.f these addltional appl-i.cations were to be approved, lt shoulal

be vith the knowledge that it is very likely that the approval will be

authorizlng the nlni-ng of the groundwater of Cedar City Va1ley.

In the open fil-e report entitl-ed "Ground-Water Resources of

sel,ected. Basins in Southwestern Utah", by the U.S.G.S. the author,

G. W. Sanalberg, indicates that Cedar Clty ValJ-ey ha6 tlre snaffest po-

tenti.al- for future development of any of the four Southwestern basins

covered. in tbe report. He does ind.icate, hovever, that some addition-

a1 development may be feasibLe 1n a snal1 part of the val-ley near Rush

Le,ke. It would. appeer that perhaps this addi.tional development may

bave been authorized by the approval of several appli.cations in the

last two years for developnent j.n this area. Very }lttle developmrent

has taken place under these appl-icatlons to date and their proofs of

appropriation are due in I)66 or l967 (fig. :)'


