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FOREWORD

The program of reconnhalssance water-resources studies was
authorized By the 1960 Legislature to be carried on by the
Department of Conservation and Natural Rescurces, Divlision of
Water Resources in cooperation with the U.S5. Geological Survey,.

This report is the 5lst report prépared‘by the staff of
the Nevada District of the U.S5. Geological Survey. These 5l
reports describe the hydrology of 158 valleys.

The reconnalssance surveys make available pertinent

Anformation of great and immediate value to many State and

Federal agencies, the State cooperating agency, and the public.
As development takes place 1n any area, demands for more detalled
information will arise, and studies to supply such information
will be undertaken. In the meantime, these reconnalsgsance-type
studies are timely and adeguately meet the immediate needs for

‘information on the water resources of the areas covered by the

repaorts,

ﬁﬁﬁand D. WEstergarég

State Englneer
Division of Water Resources

September 1969,
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A

. WATER-RESOURCES APPRAISAL .OF THE LOWER VIRGIN' RIVER VALLEY AREA, NEVADA
T ARIZOWA, AND UTAH _

O S

By Patrick A. Glancy ‘and A, S. Van Denburgh

SUMMARY
2. -~ The study area includes the lower Virgin River Valley, Tule
Desert, and:Escalante :Desert basin in Nevada. The lower Virgln
River.Valley comprises the river flood plain and its tributary
* drainages from The Narrows, about 5 miles east of Littlefield,
‘ Arlz., downstream to the river's confluence with Lake Mead.
: This valley, plus Tule Desert and the small part of Escalante
: Deaert in Nevada, erncompass about 1,840 square miles. Although
the report boundary encloses territory within three States, the
. report emphasizes hydrology of the 1,205-square-mile area in’
Nevada., Principalvhydrologic estimates pertaining to the Nevada
part are summarized in table 1.

The lower Virgin River 1s the dominant hydrologlc feature
- of the area., :Water contributed to the river's: flood-plain area
o - 1ncludes direct precipitation, river inflow, and ground-water
. underflow from east of the report area, plus surface-and ground-
oW water inflow from tributary drainages within the report area.
Outflow from the basin includes streamflow and ground-water under-
flew to lake Mead, consumptive use of surface and ground water
within the basin, and natural evapotranspiration. N -

. _For Escalante Desert in Nevada, input is provided “solely by
precipltation. Jome ‘ephemeral surface outflow occurd, but the
greatest loss of possibly salvable water is ground-water underflow
to Utah. L a UL wpoT Coee '

Most consumptive use of water in tthlower Virglin River Valley

1s for irrigation of crops by diversion of surface-flow. Only a

small amount of ground water is pumped for iPfrigation, hut ground-
water reservoirs furnish most; of the municipal:, domestic, and

livestock supply. . o A o

Most natural discharge of water by evaporation of surface water
.and.phreatpp@ytic transpiration of ground water ocecur-along the Virgi:
River flood plain: Phreatopbyte growlh along the river flood plain
is .apparently increasing with time, - N LR o ‘

N The principal known aquifer asystem oceurs within the valley-£ill
oo, deposlts. However,” unitapped aquifers may also exist within the
. ‘congolidated rocks, most likely in the carbonate rocks. Ground-
” . water movement through the valley-fili deposits of the lower

1.
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Table l.-~Continued .. . "

Lower

Virgin Ezcalante
River Tule . Desert,
Valley  Deszrt Nevada
Estimated ground water, in storage in - . S
upper 100 feet. of saturated valley- . ' ' L o
fi1ll reservoiy (total acre=-feet) 2,900,000 530,000 190,000

- SyatEm yleld - o

F:- Cround wvater underflow ‘and’ ephEmeral surface-Water runuff to maln
Vlrgln River hydrologic Bystem

b. Surface-water flow and. gruund-water underflow from :main Virgin Rivar
hydrologic system Lo Lake Héad

e ' * F‘G

€. Ground- wate; outflawiand Ephemeral aurfaee-water flow to- Escalante-

Daaert Utah

d. Cavﬁrnﬂuu carbonate rocks preaumably restrict runoff and enhance

,recharge.



Virgin River Valley is generally toward the river,. which-1is the
focus of natural discharge in the hydrologle system., Once there,
.1t is either dissipated by evapotranspiration, or moves toward
Lake Mead as surface or subsurface flow. S 3

“wWater in the Virgin. River usually contains 1,000-3,000 mg/l1
Omilligrams.peﬁ”liter§ of dlsgolved solidg~-largely calcium,
sodium, sulfate, and chloride, . The water typically Iis most dilute
during perlods of high fiow, and it is most concentrated during
low flow, when the discharge is. sustalvned by springs upstream
from Littlefleld. Throughout the year, the:dissolved-sollds
concéntration ilncreédes markedly 1n the. 20-mile .reach between -

listlefield and_RiVErsidez(in_waterayear”19ﬁ7; the increase
averaged almost 30 percent)..  The river transports large quantitles
of sediment, pirticularly during high flow:~ The suspended-sediment
load averaged almost 3 million tona per: year durlng 1958-67.
Despite the problems caused by excessive sediment, the streamflow
in 1668 was generally ‘acceptable for-irpigation,. . roo=a7e

Ground water éidng'the river characteristiczlly is very hard,
and contains 500 to asmuch as. 5,000 mgflol.dissolved -golids, .
dominated by sulfate and sodium or calcium. Throughout much of
the basin tributary to Beaver Dam Wash, and in many other upgradient
parts of the report area, streamflow .and: ground water are kuowh or
lnferred to be of much better quality than waters along the Virgin
Rlver flood plaln. However, wells half a mile to 1 mile south - -
of, ‘and upgradient from, the flood plain yleld generally accépbable

munlcipal supplies,

The available water supply of the lower Virgin River Valley.
ig considered in the context of a system yield for condibtlons as
of 1967-68, which includes both surface and ground water., For
Tule Desert and Escalante:Desert, Nevada, about half the estimated
subsurface outflow is considered the perennisdl supply. Estimates
of ground water stored in the upper 100 feet of gaturated valley-
fill represent preliminary determinations of the availability of
ground water for future development.

Although present water development in the lower Virgin River
Valley is geared to surface flow of the river, future development
may Gepend in part on the quantity and quality of underground water
avallable to meet the needs of the area,

.
¢




. INTRODUCTION . . . -,

Purpese and Scepe of the Inveetigatlon

Nevada is currently experiencing a rapid growth in population
and assoclated development that began more than a decade: ago.
Increased water requirements for domestic, industrial, agrlcultural,
and conservatlion uses have accompanled this growth, AntiCipating
these increasing water needs, the Nevada State Legislature enacted
legislation (Chapter 181, Statutes of 1960) authorizing an expansion

“iof the established program of hydrologic inveetigatlons ‘being

-,condueted by the U,3, Geologlecal Survey-in coopération with the

'Nevada Department’ of Coneervation and Natural Resourcés, Division
‘of Water Resources. The legislation provided financing, in the

form of matching funds with the- Federal Government, to conduct a
reconnaissance appraisal of the ground-water resources of the 3tate.
The appraisal is belng made as a series of reconnaissance investi-

gatlons of individual areas or groups of areas. This investigation

is the 515t In the series.

Ae studies progreaqed the neceeeity for: suppIementary

information on surfaceuwater resources was recognized, Accordingly,
‘the reconnaissance program was broadened in scope 'to ‘Include

apprazeals of the surface-water regources .

. . The- ebjeetivee ‘of the reeonnaieeence 1nveetigation, ineluding
thie gtudy; are to (1) describe the general geology as it relates’
to the witer resources, (2) appralse the sourge, occurrence, move-

ment, and chemical duality of water in the area, (3) estimate’

average annual recharge to and dilscharge from the ground-water
reservoir, (U4) evaluate the surface-water resources 1n7the valleys,

- and {5) provide preliminary estimates of the yield and ground-water

storape. Althmugh ‘the area encompasses partsof three ‘States,

Cmost quantitat1VE estimatés of the water: reeources ‘are limlted to
‘NeVeda. : .

This 1nveetigation was made under the generel supervisien of
G, F, Worte,,Jr., district chief in charge of hydrologlc studies

enby the GPOngioal urvey 1n ‘Nevada. Field work was done during

November 196 7*“,3

Locatien and General Geographic Featurea

‘The lower Virgin Hiver Valley area of this réport includes
territory roughly enclosed by lat 36%30' and 37°54' N., and long
113°48' and 114°28' W., and is 1in the southeastern part of Nevada
(fig. 1). Tt wainly-comprises .that area tributary to the

'Virgin River in Nevada ss modified by the filling of Lake Mead,

It includes Beaver Dam Waeh dralnage, which orlginates partly 1n

5.
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Nevada and Joins the Vi["rgi’n"”‘F{.‘w’r‘e;1 hear Littlefield, Arizona. .
It also includes.g.small area in.Arizona.thag. drelns directliy ol
into the Vlrgin"RIVeP frem the-northwédstern- ‘slopes+of the Virgin CoE
.Mountalns. (pl. 1). It excludeg, the Muddy River basin, which was
tributary to the’ Virgin River prier te the. filling ef Lake Mead
Lin. the 1ate 1930' , The Muddy River eres wes dissussed by Rush’

AAAAA

(1968b) o f{‘a o e

PR

.r,w

The Virgin River drainage ef this feport,\ineludin sthe

' Tule Desert (190.8quare miles), thus’ encompasses about, 1,735 .aquars

_ Dem Wash resldents arée all engaged , An: ‘ranching. .. Livesteek is

miles, of” which about 1,100 square miles.is in Nevada® (Rush,»1968a)
_and the remainder (sbout 635. stuare mlles) 1§ 1in Arizona and , Utah.
‘This report alSOmJnclude s ‘the' Nevada part 6l ‘the" ‘Escalante Desert
drainage. which’ eemprises about 105:square mlles 1n Nevada (Rush,
1968s) and 1is. north of.the. lower Virgin Riveerslley. gs;. R
Overell pepuletiOn of the ‘aved’ probsbiﬁ 1s 1ess than 1 EDO*
‘people, most OFf whom 1ive on op along the Virgin:River, flood
plaln; about 10 people reside in the uppéer Béaver Dam Wash, Abeut
1,100 people are concentrated in the Mesguité-Bunkerville.area
and more than:50. reglde in Littlefield and.lowen, Dedveér .Dam Wash.
No kneWn res;dents are; in Tule Desert or in Eseslsnte Desert Nevada.

Agriculture is thé major industry snd many peeple are . engaged i

.An the operation.of dairies and.small farms, along.-the river bottom, .

. Some . cattle’ ranches operate along the, river,?end ‘the "Uppér Beaver -
‘ghazed” thsougheut .bhe aree, eltheugh netiveregetstien acceptable )
fer gfszing is generelly sperse, psrticularly in the drier DaPtB

IR O L

,of the ares, in Nevada. . .., IR 3 ST h e

“

The tewn ef Mesqulte is en U.u. nghweyfgl esnneetinggLes
Veges &nd Salt; Leke City, ‘and therefore interstate travel -and-
"toufism éontribute o the local €Conomy ., Construction on inter'-
state highway 15 has been completed over much of this route in
Nevade,.T The old route of U8, 91:through Riverside, and Bunkerville
to Mesquite 18, 8t111" meintsined in-ita. paved conditlon cThe: =
remejnder of the Tlower’ Virgin River Velley Ag: served by a few well-
maintained gravel roads. Numeérous. dirt poads and tralls.alsos -
provide limifted accezs to and within the area. The Escalante
Desert, Nevada. is .served.by paved NevadarHighway-25 and a gravelled
route, Nevada nghway 75, as well ds several dirt roads and jeep
trails.,: .The .Los . Angeles-Salt Lake seetlen of=“the Unlon Pacific
Rallroad trever sesrthesareaipe .or oo . S R T Ca

o s ' T ' - - . "'J L P
A i‘“l L PP rn, Kl s . W { LIEORS ;" U S ot ‘,.&
‘ . ; Hﬁstory of Waterbbevelepment T .1" i

& omf- . s |‘, H—" ._..,-.».‘
LTk - i

N wiIndisns|were the;firsr residents efwthe,area,.and evidenee .
of their habitation exlsts along the lower Virgin River valley. S

'i
o -.6
»
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Figure 1.— Areas.in Novada descrlbed-In previeus raports af th.is series and the area described in this report
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- streamflow in the area probably was.undertaken several hundred

According to R. Gwinn Vivian.(written commun., 1568), Arizona
State Museum, an archaeological-survey.in the Littlefileld area
revealed an extensive development by the Anasazi culture Indlans
near the confluence of Beaver Dam Wash and the Virgin River«

The site was excavated by the Museum of Northern - Arizona. Other
sites inhabited by the Indlans also ocecur Iin the lower Virgin

River Valley. Vivian stated that these sites probably belong to

the Virgin Branch of Southwestern Anasazi culture. The culture
In this.area may date back to A.D, 500 and was well established-
by A.D. 900; however, these people largely abandoned the Virgin..
River area by A.D. 1150. The Anasazi-Virgin Branch inhabitants
practiced agriculture and probably utilized streamflow for irri-
gation. Therefore, some primitive development and utilization of
years before exploration and settlement in the 1800's.

. - The establishment of an Indian village at the confluence of-
the Virgin River and Peaver Dam Wash may have been partly influ-
enced by the perennial availability of good-guality domestic.and
irrigation water f'rom Beaver, Dam Wash. . As discussed later. in
this report,.the flow of Beaver Dam Wash is superior in general
chemical quality to the low flow of the Virgin River. .

A party of American explorers led by Jedediah Smith, enroute
to California, ‘made the first recorded .entry into the report area
during their downstreamjourney along the Virgin River in.September
1826 (Morgan, 1953, p. 197-198). Smith reportedly named the Virgin
River the "Adams Kiver" in honor of President John Quincy Adams.: '
{(Morgan, 1953, p. 197, and Cline, 1963, p. 199). However, the
origin of the river's present name is somewhat controversial.
Leigh (1964, p. 106-107) stated that the original name was "Rio .
de la Virgen! as given by the Spanish in honor .of the Virgin Mary.
He clalmed it was later shortened by the Spanish to "Rlo Virgen',
which form adhered for about a century until it finally became -
Americanized to Virgin River. Leigh speculated that the name may
nave been bestowed by the Spanish explorer Armigo. Averett (1962,
p. 97) stabed. the nawe is variously credited to elther Father
Escalante or Jedediah Smith. Nevada State Writers Project. (T941,
p. 18) credited the naming to Jedediah Smith, who reportedly ‘named
it after Thomas Virgin, one . of the explorers in his party. wo. -

| Jededlah Smith, on a second trip to Ualifornia in the summer
of 1827, again passed through the lower Virgin River Valley.. On

thls trip, instead of descending the river through 1ts canyen and

emefg;ng.at The Narrows, he crossed.the Beaver. Dam Mountains north
of the canyon, apparently somewhat along the present route of ‘U.S3..

Hlghway 91, At the base of the west slope.of the mountains- he #

Intercepted the dry Beaver Dam Wash, which he called "Pouteh Creek",
and followed 1t, downstream to its confluence with the Virgin River



(Mergar:, 1953~ p. 237+ 238) T SHlthYs retorded ‘observations ‘of ‘ .

the*area 1lheclude theé” muddy End-ibrackish naturé of’ the river”
Wwaterand the agrieultural—praeticee of the few. Indiane he. -
observed "(Cline, 1963, ‘p.: 331-334).. "The' Indians webe™ farming
eern and pumpkins, whlch impliee eeme uee ef water for 1rrigaticn.

}‘a The old" Spanieh trailf “the’ first charted dourse "ACTORS the H
Grest .Basin, connected New-Mexilcd with gouthern California end -
ingludied part of the' lower Virgin ‘RIVEr: Valley. It becdme ah
established route in’ ‘about: 183o=-‘(cline~-‘ 1963, p.i'165-167, -and
Hul®ey,!. 1966, p. 43244) . Premont‘used the trall ‘on the return
leg. of ‘fiis 'extensive western exploration ahd' damped at the
conflugnce of Beaver Dan: Wash and the Virgin River in eerly
May 4844, (Cline," 1963, P 213 21#)

o '\":,-:k v "
..-U

: Mormon mieelonarieg vieited the Indiane ef the Virgin Rlver
Valley as'early.as 185 ~(Morgan, ©1953, pv YAKY- 5 Mormons later
started sthe ‘first eett]ement‘ef the area“when the’ eommunity of
Bunkerville wag ‘Ffounded by &' group: dedt by Edwakd Bubker, Sr. ,,in'
January: 1877 (Hulse,” 1966, pii-149L150)% < Andther group arrived

in 4879 and. fourided the. neighboring community of Mesquite. The_
economies of both communities weré:bhased on agriculturé, ‘and the
farmers diverted Virgin River water for irrigetien aleong the flood
‘plain.. Uhfortunately, disastrous rlodding in1882 ‘caused extensive .
idamage’ 'to the Arrigation werke ‘of both’-eommunities . * More: fleede' ‘i
xand problems plagued the Meequite eettleru, diucour‘aged they .

it
i

- abandoned-the: Mesquite colony in 1851+ Mesquite was eventually L 'qmﬁg

regettled.in 1895 . (Hijlge; 1966, p.- T49-150), ° The ‘Buinkerville-

- Mesquite..area remained the major center ‘ot habitatien in the

reportieree, ‘and although the e¢onomy 1eenow somewhat more diver-e
sifdied 14t is still based: :mainly on agrieulture, which in’turn

S R dependent 1arge1y onfthe quantity and quality ef Virgin Riveé

waber,

LT . ‘ ooy : . R ' RN .
T '; uh - Previoue wgrk "ﬁffg‘ﬂ SR

e Geologie inveetigatione in the area, and i edjaeent areas,.
began i the 1870's. Longvell (1928, pilk) ‘mentfoned a slgnificant

geotogle/study in the Virgih Mouﬂieine hy . Ry MaxVLme g -

geologist -with the Wheeler Survey party” 1n 2871, ‘Longwell (1928,

- ps 9 also credited geologic work done in the Virgin Mountailns and

‘summarized by . Spurr:intl903: Longwell's werks Ty an adjaeent area
(1921; . Y922, 1928, and 1949). cover many afpectd 6T the regional .
'geelegy. upeeifie geology of-'the  report ~ared is" aleo covered by )

Jkah - Geologicakqgeciety {1952):+ Wilson and’ otHETS. (1959) Teehenz'
- ‘ang."Pampeyan (196 1), cHintze s (1963)“ and Longwelbfand‘others (1965).

‘Raphael (1954) dieeueeed*eruetel dleturbanees 1n the Lake Mead area.

Hydrology wag firet diecueeed mpecifieally by Carpenter (1915,

s

10.
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" p. 58-64), The University of Nevada (1944, p. 13), Hardman (1046,

p. 95+88), and Miller and others (1953, p. 18-21 and 56) published
data and discussions relating to -the chemlical quallty of water in
the area. Shamberger (195%) discussed surface-water hydrology in

detgll 1n“hls report on the Colorado River and its tributaries in

Nevada. A watershed work plan for the Mesguite area of the lower

Virgin Rlver Valley was cooperatively prepared and activated by the

Mesquite Irrlgation Company, Tnc., and others (1962), Varioug
aspects of the hydrology of adjacent areas are covered in reports

gYaSTég§b§195O){“UWS. Bureau of Reclamation  (1961), and Rush’. {1964
n . -..:..' 3 R . - . et o . . -»..'

ol "

L o . .
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“ | GENERAL HYDROLOGIC ENVIRONMENT. © & . (@22 -

Phyoiographic Features f'f -7T;£:.f o' et

&

Tho Virgin River is a major tributary of the Colorado RiVEr,
1ts confluence with the: Colorado River occcurs at Lake Mead, the!
reservolr behind Hoover Dam, The Virglin River has:cut a Preoipw
1tous- canyon through the Virgin Mountains. and.emerges: at "The .
:Narpows", about 4 miles east of Littlefield The lower.Virgin -
. River Valley is northeast-trending. and is, _oblong {pl..1).. ‘Most’
. of "the valley is bounded by mountaihs, and near the river the .
land is comparatively flat., The major tributaries are Tule Desert,
surflelally dralned by Toquop Wash;- Beaver Dam Wash; Sand Hollow
Wagh; and numerous ephemeral drainages heading in the Virgin
Mountaino ‘southeast-.of the- river and in’ tho Mormon Mountains
"zUOPthWEBt of the PiVEPf. L I A

I 3 S TR S

) Altitudeolin the lower Virgin Hiver~Valley range from a.
maximum of:-about:8;, 350 feet above seavlevelsin/the Virgin Mountains
to. about 1,150 feat at .the-. riVEr s confluencerwlth:Lake Mead: .In
Euoalante Desert Nevada, altitudes range  from - about 7,700 to about
5,700 feet, Major mountainvranges are-thesVirgin, Beaver Dam,
Mormon, and East Mormon: Mountains. The mountains are generally

" fugged and’ Sparsely vegetated. . Transitional. sloping alluvial

 surfaces join the steepor mountainous ma)meafW1th the comparatively
‘ flat 1ying dissoctedimeaa topography of the valley interior. '

PrRlE oo ¥ S e

‘WEE}::”._Ey- o ;;g }’ Lithologio Units

The generaliaed geology of the area iq shown on plate 1 aﬁd

'._a uummary of lithologic. units«and thelr character is included in

““table 2 Difforentiation O0f T thé four lithologic units.on the
Plate and in the table .was based mainly on their hydrologic prop-
erties. For thils .réconnaissance, the several alluvial deposits
were grouped into either older or younger alluvium. Criteria for
separatlion of the units are as follows: (1) alluvial areas where
erosion and'deformatlon appears to have been recently dominant

over deposition are classified as plder alluvium, (2) alliuvial
areas that are either thinly mantled by younger alluvium or mantled
by younger alluvium that has ne particular significance with
respect to ground-water conditlons are classed as older alluvium,
(3) aliuvial areas where recent deposition has been the dominant
process and where thlckness and location of the deposits renders
them slgnificant with respect to ground-water hydrology are classed
as younger alluvium, and (4) younger alluvium is assumed to have
been deposited during comparatively recent geologio time, and 1is
generally less than 100 feet thick.

For this report, the consolidated rocks are grouped into

.12,
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nonuarbonate and carbonate, rocks (pl ){' The carbonate rocks
commonly contain solution cavities or enlarged Jointg and’ frac-

“tures whnich, where int9rconnected~~readlly conVeyed ground water,

In contrast, local data Bhggeést that tHé noncarbonate rocks are

generally of low permeabllity and do not readlly-convey ground

water: . Structural: deformation may-have /increased or. decreased
the transmissibility of .the consolidated rocks, dep&ndlng on a
variety of factors-and conditions; thereforeys the predent hydro-
logic charactaristics .of the rocks may differ-to, varying degress
from those common;to the rocks at the time.of thelr emplacement .
structiral deformation - 15 generally more.complex and common imse
consolidated .rocks than in the valley-fild: depositssy, however, . :
deformation of some of the. older alluvium has occurred, and
locally may have signiflcantly altered the transm1551ve Lharacter
of thia unit _ : .
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'“?‘;>*ﬁ”?*f“f' | VAELEYZFILL RESERVOIRS™:7 - RERER

TS T B e T T T

wm-h!hﬁ Extent and BnundaPieS

Thexvalley-fill reservolrs‘are fonmed by the ynunger andw o
older ‘alluvium.  Laterdl “extent-.of these- deposit’s Ta shown on.:.
pYates 1 ‘and 2.° Three distinet valley:-fillipeéaervolrs are :

“Identified "in the report - area: The 1argelloweruVirg1n River ™

tValley, Tule Degert; and Escalante Degert.. The reservoir in. «f
thexlower, Virgin.ﬁiver "Valley is divided arbitrartly inte the :
part 'Iying in ‘Arizona:.and Utah and “two: :partsineNevada., ‘The .-
two*Nevada parts - aPEIEEparated by tne Virgin Riven.-%v
A L P E T SR ST oans ED

S The reservoir boundaries of the 1ower VirginaRlver Valley
ape formed by the consoclidated rocks of the peripheral mountain:
ranges and by a ground-water divide on the -southwest, which is
presumed to coincide with the surface boundary between this area
and Lower Moapa Valley. Thé ground-water divide is a transient
boundary subject to lateral displacement, depending on the
astresses imposed on elther side by discharge and recharge.

- The boundaries of Tule Desert areifofmednbyfthe.peripheral .
mountaln ranges., The reservolir boundaries of Escalante Desert ‘
in Nevada are formed by unnamed mountains around the south, west,

and north sides. The east side is arbitrarily set at the 3State .
line, and the valley-fill reseprvoir 1s cnntinuous eastward with B
the very large valley in Utah. T

Wherever the reservolr boundaries are carbonate rocks, they

-are likely to he leaky, The most significant leaky boundaries of*

this type are probably those between Tule Dasert and lower Virgin-
River Valley, and the consgolidated-rock mountain segment east of
the report area in the general vicinity of The -Narrows. The
arbitrary Stateline boundaries, of course., are political rather
than hydrologic,

The maximum thickness of the valley-fill reservoirs may be
as much as several thousand Teet. Well 10/69-7bb 1s the deepest
in Tule Desert and penetrates 566 feet of valley f1ll without
encountering bedrock (table 22; see well-numbering system), Well
14/69-33a1, along-the Virgin River downstream from Riverside,
bottomed in valley fill at 880 feet, Wells 13/70-35¢ddl and 2
along the Vlirgin River in Nevada, upstream near the Nevada-Arigzona
State line, bottomed at 300 feet 1n valley £111 (table 22). Well
A41/15-29ded, near the confluence of Beaver Dam Wash and the Virgin
River, 1is reported to have been drilled 2,600 feet deep as an oill
test well, but no log is available. Railroad well U3L/19-36¢ ab
Modena, Utah just east of the Nevada part of Escalante Desert -
bottomed in valley i1l at 635 feet, id

16,
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Oeeurrence ~and ' Movement of ‘Ground Water

qdn.the walley+fill ‘reservolirs rangespﬁrom‘zero;;p.spring_%pggs,xo
~about, 390Lfeet in well 10/69-Tbb innthe Tule-Desert.. Avallable
data on-depth.to. water arecareally-biased, wilth the greatest .data -

concentrations, generally near areas .of greatest habitatlon., . -

'ﬂ.':ETheckhown‘degth;belowwlandgsufﬁaq¢f$g the.zone of.gaturation

Informationgon-groundfwatep.movgmgntwin_argas‘removed from

.~<the developedcpart of the Virgin, Rivéer flood plain is restricted

' becauge.of a Shortage-of-well.data; therefore, springsprovide
most. of the Information.in those areas.:Spring areas occur-most
commonly near-the heads of. ephemeral -drainages where the.valley-
£111 reservolr is generally thinnest.:;However, the largest spring
dischargespoceur: along the Virgin River from about the Nevada-
Arizona Staterline. upstream to The -Narrows, :and-in_Beaver Dam Wash
rnear-its-confluence ‘withathe. Virgin River, The spripg discharge

r5.in these .channels probably -is .the result. of stratigraphicgor

.structural barniers to-downgradient flow in.thercarbonate.rocks,
which may underlie the.valley £ill at moderate depth. The combined
flow of these springs exceeds that possible from local recharge.

f,WithiEWthe report area, as-deseribed.in*a.laterssection of this
neport . N . ‘ - .

. - v . wn BT -
L st S P . v S LT

N . ¥ . : N T2 T LNy
L g FPCIY S * R

. . : . A T S R - ‘e . . Lo
' Shallow depths .to water (1éss than 5O .feet) are common altong
- the ‘£lood plains of Virgin River.and  in, the downstream part ofh
Beaver DamWash. At:increasing:distances fromsthese:flood-plalns,
slope of the land surface generally steepens toward the uplands
at a greater-rate than the ground-water-surface. Asza result, .
+.adepths-to.water generally-are greater near the ‘mountaln. fronts:
then-along the, ficod plains. .- =~ e R :
In the,Virgin'Rivér~Valley, the movementrof.ground:waten !
through the valley fill is generally from the bordering mountaln
masses toward the Virgin River and down the valley toward Lake
Mead. The hydraulic gradients resulting from changes 1n river
stage govern the movement of the ground water in the areas adjacent
to the stream, In Nevada, ground-water movement in the Virgin
Mountains is northward to the river, and in the Mormon Mountalns
and Tule Desert ground water moves southward to the river. 1In
Escalante Desert ground water generally moves eastward toward the. -

main part of the valley in Utah. ‘

Y
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CarbODate rocke locably may”ferm a’ etorage detranemieeien
,fracturefeystems*and in ether zores ol weakness . caueed By perco—
“lating-watérs. - Carbonaté:rocks, asishownvon platerl, make up a
considéranle-part of-the exposed, and prdbably~alsc the-buried,
congolidated rocks of the area, Structural deformation of these
rocks - Is 1ritensée-and- widespread. Field examination: ‘disclosed -
*#*that '‘some 6f thé.carbonate rodks 'are riddléed by solution cavitfes.
Freeh»expoeuree invroadcuts iniThe Narrows:{pl. .¥) disclose-
;numereus ~cavities in-the.carbonate rocksy:many of which are’ as
:much-ds*several feetsinvdlameter: The: cavities appear to. be-

'—etratigraphically controlled because they ogeur -in’zones. parallel
. to bedding planed. sUndoubtedly, many--others. are- etructurallyfi c
=-~contr011ed becausesthe ‘mountalrnous-consolidated {rock: masses ~aré
bstructurally deformed. < Assuming..that isdlution.cavitiesuare alao
‘commen“inﬁthe*eubSurface L1the earbonaté-rocks ofsthe:area: probably

. .are. capableuofhcontaining and- transmitting appreciable quantities
~ & of water. .;:"J i : : .

.1~_.~ e A Q:'J*.‘. u' ..
L‘) 1D ,.r*r\

L& e SR Fador pUTAY BaTIET N el
St Only ‘oné - well (U43/18 7d)ahas been drilled” deeply (630 feet)
into carbonate rocks in the area., It resulted in a dry holej<but
-1t bottomed more than 400 feet above the water-surface altitude )
arinsthe inearest adjacent well {U43/19-20b)oabout .6 miles to the .
soutliwest.,” ‘Therefore,. that: testswas inconéluslve:and the water- '

aﬁvyieleing eapabilities of“theszéarbonate~ rocksrremain untested

Iy LI T nen 1‘6‘?_“--'..'? P o

J CTa .
r~The carbonate-rocks. probablyeprovide the route by which o
ground water. In Tule Desert. ‘moves generalily-southorisoutheastward
to the lower Virgin River Valley (fig..2). Also, as preViously

mentioned, carbonate rocks are believed to convey weter from
the- eaat to the springs ‘downsgtream” from+ThewNerrowe. i o
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‘rates, oy

-be slightly greater in theé eastern and northern parts of tﬁé“éréa{

PR

e 4 o INFLOW TOUTHE VALLEYS. T

SSREL LU

e e s Prec 1pi,tat 0 ¢ R L ae e . .

"Precipitation’ within the area is the main source of ground

“water entering the valley-rill reservoirs in Tule and Escalante
. Deserts, but in the lower Virgin River Valley, inflltration of
- streamflow provides the principal source of ground water. '

R Ll

The climete of southern Nevada ranges from semiarid to
arld, the valley:ifloors being arlid and thé bordering mountalns

-semiarid. Most precipltation occurs during the winter, and

typlcally the amounts increase withcaltitude. Winter storms.

usually are regional, whereas summer storms, typlcally aré'iqqaliﬁﬁd

‘thundershowersy  The climate 1$ further characterized by an™ ~

abundance-of sunshine, dry winds, and..asdoclated hilgh evaporation:

o TR & L TR ¥

Much of the praciﬁftatién occurs as rain, but snow can
accumulate in significant amounts in the higher mountaln areas

during the winter, A summary of average annual precipitation. at .
- selected stations in and near the réport area is shown in table 3.

Many of the station locations are shown in figure 2. The table
shows annual averages for the stated period of record, and éstim-

- ated averages for the period 1931-66, . The estimates for 1931-66

are synthesized on the basis of long-terwm® recordas for Boulder Clty,
Nevada, and Gunleock Powerhcuse, Utah®,  Table:3 shows that -the ;
estimated long-term precipitation in the region; at the altitudes
sampled, ranges from about 4 4o more than 20, inches per year. .
The data suggest that precipitation_for given altitude zones may

-
-

_—

T, e 4 v ‘:

Surface Watep

|

£y ETLE e SR T T

”Eﬁiﬂ. 0, Moore
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Surface water of the report area consists of Virgin.Riveru:“%_

 st§eamf1ow entering the lewer Virgin River Valley from the east, .
trletary streamflow originating within the report area, and
springflow entering the Vifgin River*near Littlefleld. Streamflow

qQuantities were determined from available records of flow within
the report area, records of flow in adjacent areas, and by indirect
methods based on channel-geometry measurements.

Records Avallable

The only active stréamflow gaging station in the study area is

~19.



Table J.==Summary of average annuel grerigitation at selected statinna

LCcmputpd from published recnrds of ‘the U.S. WEather Bureau/ - S ,;.

Approximate

S EBLimated
Perind of Average annual average annual
full-year PfECithatiOn precipitation

P

' recoxd | for period of for period
: —toration Altitude  since 1931 .. Tecord 1931-66 -
Station Long, Lat, - (feet} (years) __(inches) (inchﬂS) -
NEVADA g L : e . :
Acoma: 114°09' 37°34" 5;521 - 1951,7; ‘ 0.8 . 10 ..
N | S . 1954m58 U R
Boulder Cityl/ 114°51' 35°59' 2,525 ~'1932-66 . 5.2 . 5
‘Bunker Peak 114°07' 37°27' 5,575 ‘; 1952~63 15.4 . 16
Caliente . 114°31' 37°37% 4,402 1939-66 - S X T
Carp 114°29' 37°07' 2,600 1950, 4.0 © 5
. o 1952-54
1956, " ey L
Crestline, 114°08" 37°%0% 5,982° 1958-65 . . 12:8 ' 13,
Desert ' o ' ' -
.Hational
Wildlife L L T _ . o
Rangel/ 115°22* 36°26! 2, 920 1941+66 4.0 . S T
Elgin . 114°32' 37°21" . 3, 335 1953-66- 8.7 e
Hidden Forest . o 1946-58, - S
Campi/ - 115°12" 36°38" 7,550+ 1960-64 113.3 © 14
Las Vegesl/ =~ 115°02' 36°14' 1,879)  1937+48 43 4
Las Vegas
(McCarran ‘ Lo ‘ s o -
‘Field)1l/ 115°10¢ 36°05' 2,162 1949-66 3.6 - 4
Mesquite - 114°04" 36°48' 1,600  1943-46, Bul - 6
]:959‘_.6011 o
1963
Overton 114°25' 36°31' 1;220- - 1953~66 3.7 3 4
Pine Canyon . 114°14!' -37°24' 6,500 195264 12.7 14
Pioche 114°27%  37°56'" 6,110~ 1939-66 - 2.6 . . 13
Ursine 114°13"  37°59' 5,760,  1965-66 13.2 ..ot
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* Tablé 3,--Continued

L) - .
YL b e -

S 4.

: Véyo

- L . Estimated
. Period of Average ennual average annual
e - . full=year . precipitation precipitation
Approximate _ record . for period of for period
. location Altitude eince 1931 record 1931-66
_Station Long, Lat.,  (feet) (years)  (inches) (inches)
UTAH ' '
Cedar‘City o : y
Steam Plant 113°02' 37°40! 5,980 1962-66 12.3 14
" Enterprise 113°43' 37°34' 5,330 1955-66 11,9 13
Enterprige=
Beryl Jet.  113°39' 37°43' 5,200 1961-66 9.1 11
~Gunlock ;
Powerhouse: .113°43'  37°17' 4,060 193166 11.3 5 11
LaVerkin' *  "113°16' 37°12' 3,450  1953-66 . 9.8 1
" Little Grassy _ | SRR ’
Creek 113°51F 37°29' 6,100  "'1959~64 17.1 22
Long Flat 113°23%* 37730'* 8,000 1959-64 19.1 25
Lund 113°26' 38°00' 5,091 1953-66 7.2 8
- Modena 113°55% ;37948 5,460 1931-66 9.3 9
St. George : ' : o
Powerhouse  113°34% 37°06' 2,700  1959-65 6.9 ' 8
) 113°39' 37°21% 4,500 1958-66 12.3 13
. ARIZONA . . Lo
Littlefield  113°56' 36°53% 1,800 1952-58 6.2 6
_ Pietce Ferry = S a :
;. 17 8sHl/. . 114°05' 35°53' 3,860 1964=66 11.1 . 12

1. Sratien location not shown

on Eigufe.Z.‘

]



4 \
on the Virgln River at Littlefileld, Ariz., Just below the confluence .
with Beaver Dam Wash; the station has been operated ‘since 1929.

-A crest-stage, partialvrecord station..has.been. operated since-1963--
‘on Blg Bend Wash at U.S. Highway 91, 2.7 miles southwest of
Littlefield, Miscellaneous streamflow measurements were made on
Virgin River, Beaver Dam Waish, and several of their tributaries

&

- . during the course of thisgtudy.  Miscellaneous" measuremeﬁts were

made on several springs, canals, and: Beaver Dam Wash during previous
_¥Jears. Selected channel features were measured.on .d.number of- -
ephemeral and perennial streams during this study and were used in
estimating average annual. runoff, using techniques devised by Moore
(1968).. Gaging-station and measurement sites. are shown on plate l,

and results of most of the mlscellaneous measurements aPe listed.
in table &4,

<Streamflow  *

Most streamflow in the .area occurs.in the: Virgin 'River..--The
major part of the flow originates in..the upper Virgin River baein
which 1s upatream from, and generally nhortheast of, the report area.
Intermittent runoff occurs within the report area, some of- which °
contributes to the flow of* the Virgin: River. '

Virgin River, —-Virgln RiVEP flow 1s varlable, both ennually .
and seasonally. uummaries ‘of streamflow at- the gage at Littlefleld,  gaa’
Ariz,, for 38 water years (year endihi.Sept. 30) of record (1530 67), .
are shown In tables S and and figures 3 and 4. Flgure 3-shows. i
the -average monthly discharge of the . Virgln River at Littlefield =
25 a percentage of its mean, annual discharge The dashed line in .
figure 3 indicates the medtan® dlschdrge for- each month; that is,

50 percent of the monthly flows. were less and 50 percent were .
greater than the-value shown. , The upper linecis:the upper qu“ﬁt le
indicating the value for which only 25 percent of the monthly flows
were greater and 75 percent were less than the value indicated.
Similarly, the lower line 4s ‘the lower quartile, indicating the ‘value
for which .75.percent of .the monthly flows were: greater and " only 25“
percent were lezs than the value indicated.

Although some additicnal inflow occurs below the Littlefield
gage, fleld observations indicate that a substantial net decrease
in flow occurs between Littlefield and Lake Mead. An attempt was
made to determine the mean annual flow of the river near its mouth
(15/69-30c) using channel-geometry techniques (Moore, 1968).
Preliminary results suggest that the average annual flow is about
80,000 acre- feet; however, the degree of reliazbility of this method
is unknown where upstream diversions, such as those into irrigation
canals near the Arizona-Nevada border, are extensive.

22.
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Figure 2,—Lecations of weather stations and general diroctions of ground-water movement
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Tgple 4.--Miscellane0us.sqreamflow and aprin&ﬁﬂggg@ggggggggggi

. e ore et

. -”_” PRI

T in_the lower Virgic River Valley ™= ™

€

Site number

B
T T
ok Tl

E‘.

Dxﬂchargeq

(01, 1) Site Locarion __ “Date ' ‘(efs):
1 :...Virgin River A41/14-32a  11- 7-51 69,8
S we 12-13=-51 143
' Do ‘“i A41/14-30c 12-13-51 158
3 . ) Do~ v v A41/15-254 12-13-51 170
4 Doy ! . AGO/15-4bd  6-18-54  52.4
‘ o Pt a4 7616455 +7 55,1
o 7“ ? 57‘ . 48.6 i‘:
. ‘ : 65305584 g, 2 !
5. Slaughterhouse Creek ;- U39/19-8 10- 3-57 2.24
6 ;" -Beaver Dam: Wash U36/19=-32 2-22+67 7.1
7 “? Uonamed tributary U40/19~5 2-22-67 487
‘8 N BeavegQDam‘Wash _ T U40/19-4 2-22-62 5.55
.-9, ', Rast Fork Beaver Dam Wash - U39/19-26. 2-22-67 .00
10 - . Beaver;Dg?‘Wash U41/19-4 2-22-67 .00
1 Do. A40/15-5 (at 7- 2-57 .37
) e highway -, . .6=30<58 .. ., -00.
- L bridge) = 2-22-67 .00
T 12 Do, .- ALO/15-4 (at 7~ 3-46 4,02
. mouth) 7- 2-47 3.069
6~30-49 4,15
. g= 1-50 3.03
s b ‘7" 1"50 2.26
v . : 7= 1=51 3.25
' AR R e 1'52 ‘-’lwﬂl
. 6=17~53 3.48
: 6-18=54 5.55
- 6"].6"55 3|93
A . 7~ 2-57 2,82
o t :tr e Fem ' ‘-3- 6-30 58 A J"f{ “74 . ""
. ' ©2-22-67 2.80
. Y 2- 8-68 2.72
13 Slim Creek Springs ALQO/15-4 7- 1-51 1.29
14 - Camp Wash Falls Springs .,  A40/15-4 _ 6-‘13501l¢;:-1.68
. C : 7- 150 | 1,78
o . 7" 1'51 032
15 + Petriffed Springs A40/15-4 (at 6~ 1-50 1.387
* : T . orifice) 7--1-50 2, 03

25,
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Table 4.--Continued

e e et e pas Ty o PR S e P o
== Y e T F " ! -.’."_‘ TETER B t

Sire number ‘ R ‘ T .Discharge
{pl.l) s . _SBite Location Date (cfe)
16~ Perrified Springs “ALO/15-4 i ,6m 1=50 2.32
TR e e e : - - (spring -~ 7= 1=50 2.65
. e : : wouth) 7+ 1-51:-173,27
: [P \ _ S 7= 152 2.43
- 0 7-18+52 1.86 .
| 6-17~53" 2,14 ~
S 6=18=54. 1,90 {
Co- e e 6~16-55 1.94 -
17 -, -Littlefield Springs - A4D/15-4c 7- 251 260

W

18 . Viegin;River . -A40/16-35ac  7-17-68 59,3
o v _e Comptae s st e rion S
19 Do . TE 13/71=19 ¥ T7-73346 " 11.2
: L R SRR {7 FanDERT 15,29 &
' .., 6-30-49 . . 8.80
6 1-50 1643

& 4
' oo e =t
Ly e e T (SR

S|

FaY

< | Loms : S YL B “30.6
20 0 Ddg':'::"’$ ARTala 14/,10,_75& rooml17-68 T L1 est,

‘ . e | ' gl el oad O
RS Dov , . .  15/69~30c 7-17-68 .00

22 - '- Littlefield Canal T A4D/15e4¢ T . 7= 3-46 . 1,39
L Lo S 7- 2-47 1.31
S SRR I ST SR T 6-30-497 .98 £7

Sk o T S - : 6- =50 1.03
S T 7~ 1-50 1.14 -
CRL L 7- 1-51 1.18
S o 7- 1=52 .88
S DU : 6-17-53 .77
; S ! 6-18-54 .70
: IR S 6-16-55 1.08
Seen -3 _ \ 6~18-56 40
Ch Peres © 7= 257 A
¢ 3 Clel ek 6-30-58 47
23 7. Petrified Springs Canal AO/15-4 6~ 18-54 3.41
Lk Sew 6~16=55 3.23
Cak R , 61856 2.82
L T ey S r s d=- 2757 . 2,14 1
‘ . _ 7-15-58 2,38
24 ¢ .. Bunkerville.Canal - 2 5 13/715190 5 2Li7- 346 1643
Lo ORI 7-.2-47  15.4

: gm0 ¥ _ . 6-30-49  11.9
Ty o T . :'--..-“ _“»;'__‘ 4 ’ : ™o 6",_ 1_.." 50 e, 1ﬁ2- 1 cf
IR P T | T o7+ 2-51 234

26,



400 T | L l I | 1

‘ Note: Mean annyal flow =224 cfs .
350 |

Quartiles

————— Median '
00— ) T

PERCENTAGE OF MEAN ANNUAL DISCHARGE

0 : ! | 1 R L L

Oct Nev . Dec Jan Febh  Mar Apr May ".lune duly  Aup Sept

Figure 8, —Average monthly discharge as a perdentage of mean annual discharg'c' far
Virgln River at Littlefield, Arizona, 1930-67
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Table 5.--Summary of annual streamflew of Virgin‘River'

at Littlefield, Aviz,, 1930-6]

(A1l values in acre-feet)

Water Watar ‘ Water

Year Flow Year Flow : " Year  : Flow
1930 188,100 1943 178,100 " 1956 92,820 .
1931 119,400 1944 182,700 1957 ,'106,200' 
1932 381,900 1945 166,300 ; 1958 - 294,600
1933 127,400 1946  121,300. 1959 - 92,860
1934 78,000 1947 192,200 1960 83,440
1935 164,800 1948 116,400 . :- 1961 ‘108,500
1936 131,000 1949 115,900 © 1962 142,400
1937 240,300 1950 127,100 1963 83,230

1938 278,600 1951 99,930 1966 89,510
1939 154,900 1952 273,700 . 1965 120,400
1940 173,700 1953 99,470 1966 132,700
1941, 400,000 1954 136,500 1967 187,600
1942 - 215,000 1955 135,500 . 1968 a 128,700

Maxinum annual flows 400,000 acre=feet in 1941.
Minimum anoual flow: 78,000 acre~feet in 1934. . lw
 Mean amnual flow: 162,200 acre-feet.
Median annual flow: 134,000 acre-fest.
2. Value became available since completion of report; not i?cluded in

computatione,
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Local runoff,--The amount of runcoff in the mountalns within
the report area cannot be .computed. directly because.of the absence

~vof stream-gaging stations. Therefore, estimates were made using

methods devised by Moore (1968), Runoff was estimated using runoff-
altitude relations and channel geometry. .
. . Mean annual runoff generated at the mountain fronts In the
three study areas is summarized in table 7. Only about 35 percent
ol the report area generally contributes.a significant amount of
dependable runoff. Occaslonally runoff may occur locally on the
valley floors but generally is so erratic in. frequency and. durationh
that it has little value to economic development.

- Channel-geometry measurements were made near the mouths of
several of the larger ephemeral washes that enter the Virgin River
to determine their average annual discharge. -Table 8 .1lists estimated
runoff of three major washes discharging to the Virgin River. These
edtimates, in turn, were used to estimate the total runoff to the
Virgin River., Results are as follows: runoff to the river within
Nevada is about 5,000 acre-feet per year, and runoff to the river
in Arizona downstream.from the Littlefleld gaging station. 1s about
2,000 acre-feet per year, '

‘Estimated flow from springs that discharge into the Virgin River.-
A largs part of the runoff at the Littlefield gaging statlon 1is
supplied by springs entering the Virgin River upstream from the
station. For example, the following table shows the flows at
Iittlefield during several months when the flow near S5t. George,
about 18 miles upstream, was zero:

‘TFlow at
Iittlefteld
Date {clsg)
June 1951 02,0
June 1953 68.6
June 1655 66.6
September 1957 59.9

However, the gage at Littlefield does not measure the total apring-
flow, because two canals bypass the gage: the Littlefield Canal,
which diverts water from Beaver Dam Wash, and the Petrified Springs
Canal, which diverts some of the springflow that would otherwlse
enter the river above the gage. The total springflow 1s estimated
to be nearly 70 c¢fs--65 ¢fs at the Littlefield gage plus 4 c¢fs
combined flow of Littlefield and Petrified Springs Canzls--or about
50,000 acre-feet per year.

Two perennial springs systems were identified: (1) The dominant
system along the Virgin River, which supplies about 65 c¢fs and which

33,



Table 7. —-Hstimated average annual local runoff at the mountain fronts

[SS R A S T %;Txd R o
o - : : -;Area contrlbuting EStimﬂtEd average
- e © - Area = .. gt e . runoff  ~ - annual runoff
LI ﬂj'ua:(acreS) . (acre=feet) -
Lower Virgin- Rlver Valley -

Area in Nevada north of river o 1055000“- . 5,600

77 T LiArea 1n Nevada south of river . 13,000" R 700
~ Area in Arizona and Utah l173,005 ) ‘ 8;006
Total (rounded) - 290,000 .. - 14,000

Tule Deaert‘ : U 75,000 : . 14000 .-
-Eacalante Desert (Nevada) - ,l : . 34,000 o a 3,2001

a. Of this total, the estimated average annual flow across the State

line to Utah is abaut 400 acre-feet, on the basis of channel "geometry

o

‘measurements (Hpore 1968)
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L T : .J-igtream discharging to the'VirgIn River

Table 8, ~—Entlmated average annual runoff Of thrce ephemeral
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SreTapera i ey e ML T e ST e F nepegp Smmae ey oo e pgE e s, e 0
is¥mcdéféta1y“saliﬁéf{taﬁfe*l?T;~éﬁd%%§§mthewspringsband ground-
water inflow.in ;Beaver Dam.Wash, which contribute about 5 cfs of .~ .. .ii
Eood‘qualityfﬁatérmﬁb“ﬁhe*VirginfR*veftu#Aﬁouﬂilfdﬂs"1n Beaver °~ . - .
Dam Wash 1s diverted.into Littlefleld Canal for trrigation. Most R
of the 65 cfs of saline water enters the Virgin River channel
betirgenThHe Narvrows (Sr within~The Narrows)  and-Littlefleld-gage.,

Morégver,  this.water is believed.to originate upstream and largely ”.*
outside-the.report area, :~-Lt probably.reaches this area by flow
through carbonate rocks. )

Bt T e PR AL P B L L PR L s SR ke e s = e L AR o s e A e L 1 SRy e

Beaver :Pam Wash -and the more:saline major.spring system-(mainly . - -

Pl

‘the latter) provide most of the river flow entering Nevada during.
low-flowsperiods; they therefore constitute a significant part of
the local irrigation supply. in Nevada:during the hot summer part
of 'the growlng season. RN G b e

~In addition~to~the spring systems-discussed above; ground-water . ==
£16w from recharge areas-northwest and southeast of the river probabl
enters -the river system along the channel between the Littlefield
gage and’ Lake Mead., However, the magnltude of flow and areas where
it -enters the Virgin River are unknown. Discharge of the Virgin
River .was measured on July 17, 1968, about 8 river miles below the
Littlefield gage (site A40/16-35ac, table 4 and pit. 1). The dis- :
‘charge was about 6 cfs (10 percent) greater than that recorded at . g
the gage;.and the river stage was steady at the time, The plckun .
in flow may have been the result of return- flow from the Littlefield . =-
and- Petrified Springs Canals, additional ground-water. dlacharge to =
thé, stream channel, or a combination of both, -—:Also, local resldents
report that springs were occasionally observed along the channel

. near;Mesquite, Bunkerville, and Rlverside, and that the quality of

.- degree of accuracy by assigning prec¢ipitation rates to various

~water was better than that of the Virgin.River during low flow. o
However, areas where ground<water dilscharge -entered the Virgln River
reportedly were plugged -and the flow dispersed by sediment depositlorn
and channel-changes during. flood periods. - Therefore, the springs

do not-have'well-defined points of discharge to the river but vary .-
along the river channel. The total cumulative flow represents that
part? of the local recharge not consumed by evapotransplratlion or
discharged as subsurface flow to Lake Mead.

Ground-Water Recharge

.Ground ~water recharge. throughout most of thé report area
originates mainly as precipitation within the area. A method K
‘deseribed by Eakin 4nd others (1951, p. 79-81). was used to estimate . -*
recharge in this report, Hardman (1965) demonstrated that in TR
gross .aspect the averape annual precipitation. ih Nevada is related ~ -
‘closely to altitude and that it carivhe estimated with a reasonable -

altitude zones, Estimates of precipltation and recharge are shown

36.
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in table 9. As.- shown in table 3, data for Utah suggest that
pfechitatlon “in.given altitude-.zones. maylincraase S1ightly in«
e eaatern part "6f the Virgin Mountalng and T “the Beéaver Dam
Mountains. _However, for.the purposes.af this,reconnaissance,
plecipitation ~altltude relations in the western part of* the

‘ Peport area. are utlllzed to compute recharge ‘for all areaui e

e
. ., Ly

The estimated average annual precipitation Jon” the 1ower VlT%in

“River Valley is about 580,000 acre-feet,:-and. the estimated average -
annual recharge totals ‘about 97500 dcre- “feet. 'Thus, only about 1'6:7

percent of the precipitation appaPEntly reaches the ground-water
- reservolr, o , . . Ju“;. . ’ﬁf

e :- N *

- ' 4 '\
.'5’1‘.3'?. * 5

' Much of the recharge probably occurs by qeepage*aﬁ Stfeam5‘ 

¥ _‘éross alluvial fans. .Mean annual runoff.in the Jdewer; Virgin River

Valley reaching the alluvial areas, excluding Virgln River flow,.

‘“”is estimated at about 14,000 acre-feet (table 7). " Thérefore, theae

cestimates sugegest that«runoff is about 1.5 times: gpeater than
e%tlmatﬂ".d PE(‘hdI"EE; ' et . ,.g .o -.{au- - .

“Some of the. recharge occurs: in the»mmuntains by 1nflltfﬂt10ﬂ
Of precipitation and Fanoff 1nto the carbopate rocks thdt are

”fc;JWldespread surfieially (pl. 1) . The highl¥y transmissive™and ~" »

: e
o v
b/

~structural ly deiormed*charactercef the carbopate rocks can. tronglv

..affect the magnitude and direction of ground-water.flow. .Therefore,

the zasumed recharge beundarlea, arbitrarily chosen to Loincmde

“WJth surficlaldrdinagé boundaries for the compilation. of table 9,

may not be-.correctly located. However, the reconnaissance: ‘hature
of the study and the lack of conclusive:.ddta do not p@Pmlt more
aecurdte location of recharge boundarles i = - N ,"\ C

Although the Virgin R1VEr gain% sbme flowllocally, perhaps kS
" iom springs (p. 39), throughout much .of: ita. course 1n the loweri

‘valley,_it is a losing stream recharging agquifers underlylng its

Tlood plain. Recharge from that source probably is greatest during

-« high river stages andiieiceéeds that from preeipitatlon in. the lower

Virgln River Valley.

uubsurface Inflow ST ftnﬁ

. .The.. lower. Virgln«River ~Valley receives ground-water“inflﬂw
from the east and from Tule Desert. "The subsurface inflow from
the east was estimated in the aection "Estimated’ flow. Irom«uprlngm
that diuoharge into The Virgin River". to?be about 70 cfsf S QP aboui
50,000 acre-feet per year: Infilow from "Tile Dosért; whete no :
evapo?ranupirdtion losgesifrom ground witer oceur: (m1h1mum depthu
_to water in excess of 65 feet) is congidered to be-Egqual to the

ostlmated recharge, or dbout 2,100 acre-feet ‘per year. ¢
o o i
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A PRI A L 7 SO il S [ —— Lieooe Y
i ot e T iy ‘”;.“\T.J R R T
I BT T AR N Vo ' FLErm ol -:‘lEstimatedvrecharge
Altitudq;v ceg T Estimatﬂd annual prenigitat;ﬂn " cAmsumad ¢

Zona
L "(feet) s

Area Ranae
(acres)_ftu(fnrhpa)
atia

P ‘:'l’n‘

Avaraga
W*FEEL 4 Acras fPet:

o A G T Leh

_ :~mJin Nevgda orth 0 River s
Abgve. 7,000 400 T i»15 1.3 . .520.
6,000=7,000 10,760 12-15 1.1 (
4,000267 ;000 ¢ 9359901 * :3-12 LY

07 g QTR VIRGIN RIVER' vayﬂ\- A

s.xs‘,\

12,000
" i75,000° Ve

percentage of Acre—feet
.1tatinn ”_“
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2 B45900 -

. 1}15 s ' -5-
§:12‘ D
A
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.IrﬁQQ}

8 X . '-ﬂn—n‘-—‘....‘ o B -
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"4 000-6“000 f,lABMGOOZ
Bﬂlow ﬁ 000\ 234 ODUI‘f

cpid
. 12 15 1.1 30,000
' ' AR B § 14 00‘3f
‘,;. PRET S W R PO

,n'n“ 'h( -_--

ol 260 000r

:;Subtuta1 ? 467?6ﬂ6-éifni£f: C?J;:x .J?;
(ruunded) e SR

". Total ) . L o
- (rounded) 976,000 cate LRI 580000

T 227050008
. In. Nevada South of River o ‘ _
4810ngw e 15 ey I - 120
"‘1 1.; 2 800 AR A

5 -uzq 000 % '
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- F] iy i
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: "---_ AR ¥ S “’TULEDESERT' i
e 1600 ey 2315 e BUrv8e
v 95820 0 12315 *=-=.-~'u1-";1' EER o
- 70,270, . B=X2, 2 '.B‘
fﬁ?ﬁ&lﬂr:r“ LB n w5

AboveeZ,OOG
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BElﬂw 4 000
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Table “9§--Cnh£inﬁéd ‘fr'_?f V[%E‘ . L Jfﬂ?.‘fh‘t‘ﬁa.-

Estimated recharge

T

Estimated annual Erecigltﬂtion C

Altitude - ‘ Assumed : :
Zone . 4%&3 , . 'Range Avﬁ?mge I percantage of Acre-feet
(feet) g gggrEBIJ flnches) _Feat. Arrewfeer grecipitatfan ner vear

o o . ESCAI%N”T DESERT {(Neveda) . = . .- -,’* R

Above. 7,000 .. 4,340 R - 1.3 - - ' 5§ 500 L1500 T840

6,000-7,000 57,000  12-15 1.1 63,000 - - imiri S

‘ (b20,000) do. do. (b 22 orm) 7 1,500,
Below 6,000 9,760 8-12 .8 7,800 -- --
(b 0) do. do.. (b 0y : L= .-

Total 76,000 2,300

(roundad) 71,000

1. Areas are based on planimeter data using U,S. Geological Survey 1: 250'009'
scale topographic maps. They do not agree exactly with those listed elsevhere

“in the report, which were obtained froem s less accurate 1 500 000-scale mﬁp

and repcrted by Rush (1968a).

a. Of this subtotal, an esrimated 2 y800 acre=-feet reaches Beaver Dam Wash
draxnage and 300 acre-feet reaches the Virgin River drainage In Nevada,

ba. - Because little recharge 1s believed to occur in alluvial areas where
precipitation averages less than 12 inches per year, the effective area for
recharge is assumed to be 20,000 acres between 6,000 and 7,000 feet, and -

0 acres below 6,000 feet.
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. —~-attempted, However, a grude estimate of underflow through the .,

-W~Mper2day ‘per ‘Foot, times ‘effective width, "about 2 miles;-times- "~

T

Subsurface inflow beéeneath the Virgin Hiver tovNevada occurp

through the valley fill and probably the underlying cansolidated;;;f';&*}

rocks., - -No estimate of--flow-through- -the~consolldated—-rocks is -+

valley fill ean be computed~by a" form of Darcy s law, using o
egtimated, values, as~fol;gws--’transmissibility, 25,000 gallons
hydratilie gradient, about’ 25.feet per miletvthe same as the

ﬁariverbed slope, which%auggeats an underflaw of atﬂleast 1 000

acre feet per .year. . - Y .- NP Dt h
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OUTFLOW FﬁOM THE VALLEYS

Surface-Watér Discharge

. . - : Lo
The Virgin River emptles into Lake Mead, about 30 miles down-
stream from the Nevada-Arizona.-border. The mean annual discharge
of the river near 1ts.mouth is not messured, but is estimated to
be about 80,000 acre-feet, as determined from -characteristics of
the: channel geometry. B
- Mean annual runoff leaving Escalante Deszert in iNevada, calcu-
lated from channel-geometry:characteristics, iz about U400 acre-feet.
similarly, average surface-water outflow from Tule Desert to the
lower Virgin River Valley is eStimated to be about 1,200 acre-feet
annually. - : ‘ . -

Surface-Water Diversions for Irrig
+ Several surface-water diversiona for irri%dtipn peeur In the
lower Virgin River Valley. The canalayand most of the irrigated
lands are shown on plate 2. . Mesguite and -Bunkerville Canals are
the largest, According to Shamberger (1954, p. 68}, the combinead
water rightes for these canals by a decree.of 1927 are 17,512 dcre-
feet per year; total perfected water rights on Virgin River,.as of
1922, were 18,57k acre-feet. Two streamflow measuring stations
were operated on these canals durlng the period'ﬁgril 1951 to.
September 1955. The gage on Meaquite Canal was 1% miles east of
Mesquite and 2% miles downstream from the_point of.diversion {pl. 1).
The gage on Bunkerville Canal was 100 feet downstream from the. .
bridge on old U.S, Highway 91, about 2% miles northeast of “Bunkerville
Table 10 lists the monthly- and yearly diversionssyat these two -
stations: ; ' ‘ L U v

" Compariscon of the.ava}age monthly-diversions {(table 10) with
monthly streamflow (table 6). shows that the periods of maximum
diversion are somewhat out of phase with the periods of ‘maximum
streamflow 1n the Virgin River. The peak diversions for the periocd
1551 -55 ‘generally occurred during April-July, whereas peak-stréamilow
at the Littlefield gaging stabion during the period 1930-6T7 occurred
during February-May. i ' S -

As previously mentloned, Littlefield and Petrifiled Springs.Canals
bypass the Littlefield gage; they supply water to farmlands along the
north 'and south banks of the Virgin River, respectively, near the
town of Littlefield, Arizona. As shown in taple 4, miscellaneous
measurements of the flow in these canals in June and July during. the
period 1946-58 ranged as follows: ILittlefield Canal, O.Ko_1.39 '
cfs; Petrified Springs Canal, 2.14-3,41 cfs. . ’ .
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developed dlong the Virgin River just upstream from Lake Mead. .

are,. involved,

) ¥ . P P PR Tows - -
T O R B A T T L Roatp gy e
E L v . e e e R v e g m B

. . .
il ) e Py

Divérsions from.the Virgin River also.occur just downstream
from the town of Riverside, and are used to Irrigate lands along
the -south side-of -the-flgod plaln-for-several*miles farther down-

' stream..  According to Kenriéth Romrielle (U,S. Soil Conserv. Seryice,

oral-commur. ,~1967), &n irrigated.area of about 200 ackes 1s béing

. ; ey
g I

, Several comparatively -amall surfide-water diversions occur in

the upper part of Bes¥er Dam Wash in. Utah.. In Escalante Desert.-.-

in Nevada, some runoff from a few ephemeral streams is retainedsby

earthen dams for stockwatering; however, oply minor water gquantlties-
DNt )

. e
B 58 HA.

Table 11 shows the estimated Iﬁrigétéé‘landdanﬁgcagsﬁmptiYeduse
of -diverted surface water in.the. lowéd 'Virgin River“Valley. The
prinelpal crops include alfalfa, grasses, .small grains, and some
vegetables, . o, e, :

 Alr temperatures provide a Pough”guidé.in'&ﬁ%ﬁﬁﬁgiﬁg;tpg"“"'
growing season, and the length of growing season largély determines
the crop type and the drrigation. requiremerits, Température-+is "
recorded at several weather statlonswiniand near the report’area,
and a summary of those data i1g shown.in .table .12. ..Temperature.data:

iafftbQ%M9$quite and Littlefield stations togetheriwith-Tlorger records

at Lag . Vef-_,”aﬁ ». Querton, . .and. SE . G’EOVI‘geg..,.‘.ﬁuggest_ -Lthat crops- ableﬁto
grow at temperatures. above 28°F have an-average growing season of
about 250-275 days along the Virgin River .flood plain, . A,congider-
ably shorter growing season prevails in the upper Beaver Dam Wash
area, where the altitudeé 1s several thousand feet higher. The
lower parts of Escalante Desert:in Nevads; although pot presently
farmed, probably have a¥growing season”slightly shorter than that

at Enterprise-Beryl Junction, where temperatures above;28°%F:probably
prevail for at.least 125:days a year.. - . T

NEvapotfﬁﬁépiféﬁiohf

A substantial quantity of water is discharged Trom the Virgin
River system within-the report area by évapotranspiratiofiin .areas
of . 'phreatophytilc vegetation. ' Phreatophytes obtaln most:.of their

-water from the grourid-witer réServoir or overlying capillary fringe.
In the report -area, most  ground-water bodles ghallow enough to

support phreatophyte growth are closé to pefennial stream-dolurdes,
namely the Virgin River and the perennially-flowing reaches of
Beaver Dam Wash. Along the Virgin Riven and lower.Beaver: Dam Wash
the- dominant phredtophiyte 1s saltcedar. ;.Saltbush, mesquite, willows,
tules;’ cottonwodds,dnd a, féw other typesiare. less'prévalent, s Some

of the phreatopliyte aréas are shown on plate 2. Areas ofnevapotrans-
piration along the Virgin River gensrally coincide with the area .of.
younger alluvium shown.on .plate;.l. along the Virgin.-River- flood plain.
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Table 11 ~-Estimated 1rrigated acreage and consuy ytive ‘uge of crops. QK-V

Eglipd by diversion of’ uurfaﬂe water from . ; '-)

P R PEIET 2 BT - o S . H N :
IHERA SIS hwa-‘a n~v1rg1nt3iver and“itawtrioutarips .'g‘“ e f T
ChetLE NEAA T S I SN I SR RS R R Eas ‘_ UL RD Wl H e -:."‘{‘7 LA : T
5 5 -». x e :‘ W e W o : L ——rey -‘~ B R e IS “ < -
gt Eatimated -_“_Gdnsumpl:ive ugeIiR 2
‘;* Diverslcn Bystem 4: > irrigatpd e ‘ RIS
i vl P - Wl - - .
o "‘o: Iocatlun uf T e i ppiTRR " Rate (feet/ Acre,feat
iir i‘ﬁg‘ated area e Crcm t"‘m&” et (acres)____ﬁ___er vear)d! “per year
AR Uann Lenhr st LR famevos ' )
MEEQUlteJarea¥ SRR Alfalfa and . <
o (MESqU].t 'Canal)‘”‘_“ el ‘Pasture’ ¥ “':'w : :
&mﬁ I 'J-a‘yiﬂ ek, v ;?.i.:s‘
: mall graina "and "
vegetables
Bunkerv111e area ooxg Alfalfacand r. -, -
(Bunkerville“Canal),_ _ .paatureru._¢?5
RO N SwallPgraing and- 5

vegetables

Alfalfa and _
pashure i .

o § Y

Area just downatggam
frcm Riversid"’ ¥

e
7 LTS mEel

Area Ljust“upatream
. from, Lake Mead

i R w-”‘“-'.; Jb
'Q,anrnbab1y~a1falfa*
f”ﬂﬂdvpﬂﬁtﬂ¥€hﬂ.;f

ot co

it nas Totalr(rﬂunded) Y n ; 3**&?
% 5 “ARIZOFA = Vi.__gln River and lower Beave_g__D_@_W_g_gh
‘Mesquit&iarea LS L(*Alfalfa and "‘“‘“ ST
*’(Mesquite Canal) R C‘pasture = ";“ ﬂ'IEOA'ﬂ;'T )
nt AUTER ST U SR P . SR S M & 16
-Small graing iand:
. A5 vegetables - R
y'thtlefleld*areaiui"Eu!myﬁPfﬁhéﬁfjlmﬁsﬁly- . .
(Li;Llefield Canal) . alfalfa wdy £ -
Littlefield area Probably mostly e n o S
(Petrified Springa “alfalfa- DR 0 - 5 . oo -t
3 '~*Tota1 (rnundﬁd) VAT % % *
v g | T T I 3 s . .
R o "UTARYS upPer Beaver Dém'wish

K AL -5-L-""

'Several~ranchg§1 _ {fgﬁlfalfa and a1 -
S Ao L o, PASEUTel s iy

A -

F1:5%Kefine th“Romr ielle¥ (U, S'“Soil Consery. Serv1ce;~oral commatl,
Q2o distributicm of"l.rrigatlun From: Meaqult g rville
< twothirds” fur’alfalfa and3pastureqand about

,'1967) reports
Sunkerville Capals is about PRI
’ﬁé-th;?@ffb?wgﬁﬁllfgfﬁihafand o

- Lrliivepetablag, o a0 . L n L ; s - :
o ."‘1: T ..;.-_.-I -1 .f S --.'- oo o -\__:.g““‘-:v = Pt N -

“27; -Usei.rates along 1nwer Bédver. Dam" Wash and'Virgin 'River are basad oh findings
of Houston and Blaney {1934), V.8, Bureau. of R&CIamatinn (1962), and Houston
(1950). The rates for alfslfa and pasture: arevthought to be Tess in upper

. Beaver Dam Wash bacause of increased altitude ceoler tewperatures, and shorter

ﬁmwing #eaton. | - I-l-}-l-‘.
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Table 12.-~Lﬂnath of Praw;ng Beanan betw&en killlng frost

‘that ocour at 32° -2

A_and ? F

!

Perind of

1,

o

k

'. (a) e

45,

ot : Gr$W1ng 2@pason (gav*) _
Statioqlf. record | T 3Ze G 2#”
N (years) | Average! Raree |fverace! B_gme‘» Avarsne | ] s .
Cedar City R T | - S
Steam Plant| 1962~66 156 1129-187| 165 |133:183| 196 | 133~232;\«
Desert - - W'
National o
Wildlife | . 5 SR | S S | -
Refuge2/. | 1948-66 217 [184=245| 244 1205-291] 278 | [236-347
Encerprise- |- ' . 0 |- ' L : _ A
~ Beryl Jet, | 1960-66 | "102 | 70-150) 127 .| 98-167| 158 | 130-190
Las Vepas .
(i4cCarren B : - o ACTIE -
Fleld)Z/ . | 1949-66+ [. 250 [214-285| 276 -|232-313] 305. :| 277-343
. ] . . o . .
LaVerkin 195366, . 177 {158-202] 209 |181-248| 242 205-284
Littlefield | 1953-54, | | & . I K
| o | 1s5 222 [209-233| 249 [213-280|0 295 |- 279-324
Lund 1953-66. 108 | 88:145| 137 [127-168 154 | '134<190- -
Mesqulte . 1959460, 1. ... N o
. 11965 247 1242-256| . 2664 |262-267| - (a)-
Overton 1948-66 | 224 |168-256| 252 .|173-298| 291 | 227-319
Pioche 1948-66 150 ;128-173| 175 -|132-210] 204 | '173-232"
St. George 1953-66 | .209  |189-234 . 246 . |224-284] 272 | 235302
Veyo i 1958—66 153 i106-183 "'173-” IBA-ZOD 219 186-248
Eee table 3 and figure 2 for 1acat1nn and altitude.
NDt ahown in figure 2, | |
2. Unavailable. o



They also occur .intermittently throughout.Beaver. Dam.Wash.  No..
significant -evapotransplration losses by phréatophytes occur in o
Tule Desert or Escalante Valley-in Nevada.. Minor evapotranspiratlon- =
logses accur in the mourntains of 211 areags around the mountaln
..8prings.,. where small concentrations of ‘willow, meadowgrass, wlld rose,
and cottonwoods are-common., - S P .

- EStimated. dlscharge in the pPincipal areas -of phreatophytes 1s
‘shown In"table 13, " Ratés in the table are based on work done 1n
otheri.argas by Lee (1912), White (1932), Young and Blaney (1942}, -
and. Robinson (1958 and '1965)", o T .

A part of the Virgin River flood plain was gerially photographed
for the U.S, Department of Agriculture's Soll Conservatlon Service
in 1939 and 1940, Corparlidon of “those photographs’ with others?taken
in 1953 and 1966 suggests that phreatophyte encroachment, prineipally
salt¢edar, hag, lncreasedimarkedly along the flood. -plain during the
27-year peried. The phreatophyte increagé probably results in a
greater discharge of water by.evapotranspiration, and therefore,
average anriual water quantities reaching Lake Mead probably are
somewhat"lesarnow thanp<they were priodr tbﬁth% heéavy encroachment,

f e - R R ; L, j saer o

"+~ - Evaporation from Water Surfaced”™ = 7 i
. . ’ : : i SR T ’ I
,~Surface-water, evaporation rates.-in the lower altitudes of the .

area are large. Kohler and others (1959) estimate that the average -
annial lake-surfacé‘evaporation ranges from about 58 to T4 inches; .
or averages about 5% feet, per iyear., Estimated -evaporation: from :
canals and live streams -is shown 'in. table (14, However, no eatimates
were made for Lake Mead because it is the terminal sink of the system
and®waté® reaéhing Lake 'Mead- is no longer‘available for use in the
study area. ST T TR N 7

+

<A o ' Ground-Water Pumpage | 7
v e I T L+ 1 IR

i

Ground water. is.used mainly for -domestle,-municdpal, and stock- ..
watering purposes in the report area. -Afthough- ugiiig ground water

for irrigation is practical in some areas, most irrigation utilizes -
water diverted from the Virgin River, Along bhes VirginsRiver flood
plain, irrigation with surface water is occasionally supplemented by -
pumpage in a few places. Actual quantities used are-unknown, bub

they are small compared to surface water. The pumped wells generally
are -shallow, and the water they pump probably ig contiguous with

and chemlcally similar to Virgin River water.

Table 15 shows the estimated pumpage in 1968 in the lower Virgin
River Valley area. Pumpage 1n Tule Desert and Escalante Desert,
Nevada, is minor,

- k6,
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Table ;4.—vEstimaﬁed gyaporation from water surfaces . .

" .
Water body Eﬂtimated average area Average evaporatibn g

; x (acres) .1 (acre-feet: per yEBr)m/

! KEVADA - SR

v . - X : 2

f+'v1fgin River ‘ a 200 1,160

_Mesquite,,ﬁunkerville,- ' oo .
and small canals o 15 g0 . -

Total (rounded) 215 1,200

_ IR ~ ARIZONA ' T .
‘Virgin Rijer’ | . -4 150 825 ‘-~ .

. Meaguite énd;small canals ':‘; A ) 22

é | Totai (rdunded);‘_. C 150 - 850 -“f'

i - ;
§ o > P ' :

B P o . =, UTAH\ A S .

) TR TR p———" SR L, -,
P g i \ : . - . .

. ‘Beaver Dam am ‘Wash and B L R :
. tributaries <10 S 100 ¢ Pooon

Sk = " - -
? - -w‘x I A

; 1. Based on, evapnratiun rate- of*about 5% feet per year: frum free water
L surfaue (Kohler and othera, 1959). B -

\nda.grAvarage area thrnughaut gggrgoﬁ average annual runoff. o
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Ground-water- development. ls increasing rapidly in the Arizona
part of the area, Much of ‘the recent drilling has taken place .
along lower Beaver Dam Wash pear its confluence wlfh the -Virgin
River and additional development is reportedly planned for this area
(Kermeth Romrielle, U.S. Soil Conserv, Seérvice, oral commun.; 1967) .
Two new (1967) wells were drilled north of the Virgin River, on a
bench above-the flood plain, just east of the Nevada-Arizona border
{pl. 2). Well a40/16-3Ucab (table 21, pl. 2) reportedly yleids

about 1,500 gpm, and is the best-producing well known in the area,.

Springs

The larger springs in the lower Virgin River Valley area have
been described in the surface-water section of the report. Small
springe oceur in places upstream along Beaver Dam Wash. There, the
flow is either utilized for small scale irrigation (table 11}, or
is dissipated by evapotranspiration or by infiltration into the
generally dry astreambed.

Numerous small springs occur in the upland valley-fill and
consolidabed-rock areas. The f£low of these springs was not measured

‘during this study. Many of these springs furnish limited quantlities

of water for livestock. Several of the springs in the Virgin
Mountains south of Mesquite and Bunkerville furnished the minicipal
water supplies for these towns via long pipelines prior to develop-
ment of the municipal well fields. The total flow of fThese SpPIiNES
is about 50 gpm.

Chemical-quality data for some springs are in table 17 and the
spring locationsg are shown on plates 1 and 2.

Subsurface Outflow

Subsurface outflow oceurs from the lower Virgin River Valley
to Lake Mead, in Escalante Desert across the State line to Utah,
and Irom Tule Desert to the lower Vipgin River Valley. outflow from
Tule Desert hag already been discussed in the section on subsurface.
inflow (to the lower Virgin River Valley) and was estimated to be
about 2,100 acre-feet per year.

Subsurface outflow to TLake Mead beneath the Virgin Rlver Valley
occurs through the valley fi1l and probably through the underlyiﬂg
consolidated rocka. Although no direct estimates have been made,
the water budget suggests that the subsurface outilow may be
aubstantial, possibly as muech as 10,000 acre-feet per year (table
16). This amount may seem unreasonably large and may well be
conasiderably in error, but as already described, the Virgin River
upastream from Littlefield gage gains about 50,000 acre-feet per
year by upward ground-water flow withln a few miles, Thus, a

bl.



-seepage loss'of’ this magnitude in the 30-mile!reach downstream

from the State line+may bé possaible. :If" BO, the- bulk of the
flow probably occurs through the underlying rocks. .

In Eacalante Desert Nevada, the- estimated annual”recharge

1z 2,300 acresfeet (table 9). No significant patural-evapotrans-

piration from the ‘ground-water resefvoir OCCUrs - in the-valley, so
the bulk of the' recharge is. assimed’ ta move eastward as underflow

to"Escalante Desért’in Utah. =~ - @ " SR

52,
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. WATER BUDGETS ce .
Over the long term and. for natural conditions, inflow to and
outflow from an area are equal, provided that the long-term ¢limatic
regimen remains nearly coéonstant. -An equilibrium condition is
assumed to prevail for the study area--an assumption that may -not -
be actually correct for the lower Virgin River Valley, - If it is not
correct, the amount of ground water in storage may be changing. - -

For all three areas of this study, the estimated rechargé and
discharge-totals in table 16 are shown to be’in balance because the
subsurface outflow for each was computed by,dlfférence; that is,
outflow eguals recharge minus:all other estimated élements of-dis-
charge. Obviously, this determination is .an over-simplification,
because the difference also contains all errors in the other elements
of -the budget. ‘ L ' o

. o Leoon Lot ‘ ‘ .

- The budget for the lower Virgln River Valley:-is. Yimited-to! the
Nevada part of the valley.. By far the largest element - in.the budget
15 the Virgin River flow. "The large outflow to Lake Mead of 123,000
acre-f'eet, although provistonally estimated to be two-thirds surface
water and one-third ground water, 1z begt consldered aswa total

)

quantity until more” reliable data are available. e
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Table 16,~=Water budeets for the valley-£ill reservoirs T

EE Ain Nevadd for 1968 conditiona -

T W e P Wi
5 P R} - .. . . ) N T ' o H -
. (All estimﬂtﬂs in %tre#fe‘?‘t pgri‘.yeat) ST SR oL

suF 1 - T ST

Budget elements, . ~ Lower Virgin" TuleEscalante

. oo i:River Valley .Desert: Desert
S o Svstem ' Ground-water
INERCH: e i et “budge’ V- budgets | e -~
s .4 Streamflow at Littlefield gaging T T .
., station (table 5),: adjusted to -~ -~ o oo SR o
..+ Nevada- Btate line -. .. - - 159,000 ©50 e T e “
e Cles ' AR A R :
Local funoff'diréerly to¥iegte | . .. LU e
©o 7 River (pl.’33) 0 - T T 7 50007 e TR
Ground-water recharge (table 9) T 800 2,100 2,300
: . e b e T S < ST S .
;s Subsurface infléwi(pii37) © . T e e e P e x
v L From Tule Desert JES1007T0 o e T

SRES L

= L B B e T
Total (rownded)s ()" - o 168,000 1 25100 2,300
UUTFLUW: R el

s ot Ul eh
Across Srate line. -

Congurptive uge by crops irrigated . :
. with surface water (table 11) 13,000 0 0
Evapotranspiration in phreatophyta o
areas (table 13) - 30,000 - -
Ground-water pumpage (table 15) - ' 300 Minor Minor

Evaporation from water gurfaces _
(table 14) 1,200 - u-

Subtotal (rounded):; (2) 45,000 Minor Minor
By difference: (1) - (2) . (3) '
Surface-water outflow L m -

h 123,000
Subgurface outflow ) b 2,100 b 2 300

Total: (2) + (3) 168,000 2,100 2,300

a. Adjustmente includez (1) Additional inflow, principally from canal

diversions bypassing the gage, local runoff, and local recharge, about 6,000 - e
acre-feet per year; and (2) additional outflow, principally surface-water .
diversions (except Mesquite Canal which-is included with streamflow), pumpage,

and evapctranspiration, about 9,000 acre-feet per year.

b. Computed as difference between total inflow (1)'aﬁd'qubtotal outfloyw
(2); in lower Virgiu River Valley, surface-water outflow may- be rwo=thirds
of thie total (p. 22), lesving one~thivd for subgurface cutflow (p. 51).

Wi,
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CHEMICAL QUALITY OF THE WATER

ChEmlcal analyses of water from wells, aprings, Vlrgin Rlver,;
and Beaver-'Dam Wash are listed in table 17, Additional . analyseés of
samples collected“prlor o 1950; largely -from. -canails ] SpPTDF83 and
the Virgin River, were given by Hardman and Miller, 1934, p, 45, and
by Miller and others, 1953, p. 56-57. Most of the data in table 17
are for. ground water from wells adjacent ‘to the river; only a'few
analyses are available for water elsewhere.in the.valley..« Thus,

knowledge of Wdtﬁf chEmlstry throughout much of the,utudy area is
scanty.” .

S -';\

General Ghemical Character ;E” %;frhﬁh;"f“wﬁ

S&mpled ground water along the Virgin Rlver shows Lhe*influence

of geologic units, particularly the’ Muddy Creel ‘Formation {table 2),
“which contain soluble minerals sdch as halite (uodLum ch]oride) and

gypaum (calciun silfate). Most of these waters 'cantain 1, OOO-J3OOO

g/ (milligrdms per- liter) of dlasolved uDlldS (Milligram° per

liter are-equivalent té parts per million; :Cﬂ‘footnote 1, Table
17.} Sodium-and (or) calcium characteristically are’the principal

prDElthE jons and Sulfdte general]y ¢S the pred@mlnanL negative
LDh - : ‘ o %

"'..i 4?“‘3;- .
V%Pgin River water usudlly Gontalns ks ,000 to 3,000 mg/Y ot

dissslved golids, largelyvealelum, sodiumg sulifate add chloride’y
The river typleally is iost ‘dilute guring periods’ of! dbundant o

runefT,. and is mdst concentratédat low flow, when- upringu Ty
the Littl¥efield area and upstream (for example, spring AN0/15-ldc,
‘L table I7) provide the 'entire discharge:. The' dissolved-solids -

concentration increases markedly between Littlefleld and Riverside,
about 20 miles downstream where return flow from 1rrlgafA0n has.
entered Lhe stream.. qdmpieu_col1eoted ‘eShcurrently -at the two
sites (by the U.S. Geol. survey and Federal Water Pollutlon Control
Admi, redpectivoly) throughout water year: 1967 uuggeat that ‘the

downstream 1nnreaf@ 'in dissolved: solids wasd almost 30 percemt——

from about 2,000 mg/1 at Littlefield .to abdut 25700 g/ 1 - ‘at -

 Riverzide, Fof 211 available data during.thé water yedr, time—

welghfed average concentrations of several Amportant constituents

~at the two sites were as follows, in milligrams per liter:

e
r

A - . 3
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Dissolved

- a . LI . N
s At Y e e f

. AT S :@Vfi‘u%”'ﬁ¢'tr.rmnrgffh - H-QSdlids
T el s ET L L S S N PR AN e Hresidue on
S A A £ S:}dx_um B!.carhonate Sulfate Chlorideea Hardneas’- Jevaporafiﬂn)
thtlefieldll 281 _273 -f' 903 K © 357 T = ~oeo © 2,140
" Riverside2/. ﬂagb5§¥ el 244' ;7, 1 ;180 - .5D2“f% 1 320~ 2, soo

-

1. aSﬂmplea collected daily by: the U, 5. Geﬂl. Survey, R ® A
Wik Samples collected weekly By ‘the Federal Water ‘Pollufion Control Adm.r“ a

~The-Virgln R¢ver ds . muddy, -and. 1t transports large quantities
of moqtly sllt- and clay igized “sedimént--in- ‘suspengion, and mostly
sand-sized aediment as, bedload...Duning the .10 water years, 1958-67
{from}oct 1957,..£0. Sépt. 30,;1967), anndal qiiantities of suspended
sediment passing The | measuring statlon near Littlefleld have ranged
from,O 8'million to, 6. 4’ mllllﬂﬂ .fons, and have averaged 2.7 miliion.
tons (datarfrom annual publicatians of /the U.S.. Geol, SurveY) -The
quantity oﬂ1bedload transparted by;mhe rlver 15 unknown.. e

l'" ey oty '~-~'r=~m,'.ﬁ~;.f-i - :
Thr@ughOUt_much of the.basin trxbutary Lo Beaver Dam Wash, and

_in many ‘othér’ upgradient partu of ‘the study area, ‘streamflow and

ground water are known or thought to be more dilute than along the
VirginwRiveri .Even:near the .rlver,wells suth;as.the Bupkerville
and”Mesquite municipal supplies,,which#are half a-mile toza mile:

south of,1and~upgradient irom,.the flood- plain, yield,much mDPE’T
dilufg water than do wells.on the:flood,plain itself (300-500. mg/1

UVEE%QSRI 000-5,000 wg,/I) .. Apparently the rmunicipal wells in.dlarge

cMountalns..w i P{ﬂ@AT _.A,J:. . “',q,,jﬁﬁ

$8

part .tap dilute ground water LLhat - ‘Hoves: dcwngraalent from the Virgin

. RN L
TIET \L ' : PR

; I. eI @
e T I e I B R} ‘ R . . E :
...-_‘! S ARl AT SR S [ - - -t

%ld4lﬂﬂﬁ@ ouitabilitv for Domestic Use St

N

i The ULS. Public Health SerV1ce (1962 p T—S) has formulated
drinking-water standards.that are generally accepted as a guldeline
for public, supplies, = The standardsf sas.they ! apply to data. listed

in table 17, are-as fo}lows.¢w e 6TIRT
sm B S LR S AR L P S S SR A E
: um€;?cuL;‘ a qaxm;“umRecommEnded;maximum-U? w3
' concentration (milligrams

- Constituent per liter)
Iron (Fe) : - 0.3
Sulfate {30y , | 250
Fluoride (F) " - About 0.8a/
 Nitrate (NOg) - 45
‘Dissolved- sglids content _ ' 500
—

a. The optimum.concentration is about 0.7 mg/1. Water contain
ing more than about 1.4 mg/1l should not ‘be consumed reg-
ularly, especially by children.

56.
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pE—td

Twhle 17.--Fartio)l and daralled ghemlcal snatysce of watwr fram wallsx, ppcippe, peeps, and acTadms

|Fimlid=~ol{lce and detailed 1alwnstory anakyses by che U.5. Gealoploal Survey, except ag Llodisstwd)

tarr I
Milligrams pur liter (upper ounber) and Fucturn aifecting
eidllfagulvaivni s pep Jter (lower pumberyl/ Specific mnilahility for
Sodiun conduct- Irrigallogd
[HA) anece pH ¢+ Bodium-
Source Tizmw Mag- plus Hard- {micro- (Lab. adunrp- So-
(with wall par=  Cal- ne-  potas= Blear—  ful-  Chlo- Dissolvad=  asex mhos per decer- tlon  dium
depgth whers face ALurw <ium atum alun bunate fate ride wolida e .cmoat mina- Halinlty ratic haz-
Locatsen appropriatad sampled  °F °¢  (ra)  (Hg} (k33 (ACOAAS (R0 (i) contencs!  oncn,  ZERG) 10} . lazard (SAR) agd
GROLND WATER
ada
H/70m1 Ak Hell (30 £t) 11-14=r7 &4 18 178 44 19 303 190 23 e Hoi AT 1,200 7.5 High 9.3 Low
8,85 4.05 (LBl 4,97 8.12 0,45 12.93
8/72-32cd Wkll {61 1) 11-L4-67 - —- 57 72 - - 59 24 e 320 232 510 - Meri {um — -
2,44 1.R1 206 bR 4,60
L0/ YTkl Well (366 ft) 11-15-67 - —- 34 14 22 137 41 13 e 240 141 370 7.8 do. LA Liw
' L7y L1z .97 2.57 .83 Y 7.47
13/70-1344d Well (60 reh 11-15-67 70 21 244 126 522 e 1,320 5100« 3,100 1,130 4,000 #.0  Very high .8 Me-
12,18 LOJ4C 22U 143 2748 14,3% 22,04 dLum
—3la Well (J00 fr) 11713_r.7éf — 144 [ n3 165 644 2oe 1,000 620 1,500 8.3 High 1.8 Tem
. 7,09 .32 450 2.75 1351 2 17.51
“301 Well (118 £t} 11=11-h7 - - 102 b 385 221 144 414w 2,00 J9z7 3,100 7.4 Vwry high 6.0 e
) 2.n8 7,74 16.76 4.2 13,590 13,37 15,82 dium
-3he Well 11-11=A7 70 21 k11 164 Rl EEY I S 11 701w 3,900 1,470 4,900 7.8 da. 7.1 ligh
15.47 13,90 I7.44 5,50 Al.44 19,78 29,37
-aueddl  Wall (300 £E) 11-10-67 77 25 8 2u - - 72 22 e 130 18k 560 - Hediun - -
1.40 2,32 1.50 K-¥i 3.72
-35edd?  Well {300 f1) 11-10-67 76 24 I 29 - - 128 43 e 460 211 730 - da. - -
1.90 2. 3R 2.0b 1.18 4,26
13/71-10ku Well (138 fr) 11-16mB7 - —- 458 1b7 489 425 1,670 50 & 3,600 1,830 4, 600 1.3 Very high 5.0 Me-
22,85 13.71 21.2@ €.87  34.77 16.08 16,56 . dium
“local 8/ well 1z £ 7-17-46 68 20 487 1A2 528 AN 1,770 a0 3,780 1,680 - - do. 5.3 Do
24,30 13.3% 32.0%4 6,536 36,83 17.18 37,03
—19dactd wWall (98 £y L-20-49  BE 1IN a4 50 132 288 395 243 1,150 440 1,830 - Higb 4.7 Do,
4.7% 4.1l o0 3.74 8.2 691 H_on
—a0eed!  Well {210 £o) halTuil 74 23 ar 14 55 141 Ly 38 369 170 ShE - Mol 1z 1.8 Low
LHs 196 2,41 .01 2,77 1.07 3.41
—zicedd! da. 1-14m52 = - a2 18 an 139 106 4 365 179 561 - do. 1.6 Do,
Z.n 1.4R 218 1,2H 1.2t 1.13 3.58
—zgpbad! W11 {225 ft) 1-14-5% 72 22 36 14 - 148 73 - ¢ M 137 486 - da. - -
1.80 1.21 2043 1.52 3.03
n20hhs snd poseibly -20cud  1l=lY=67 == == &0 27 6l 145 192 54 e 490 763 780 (] High 1.6 low
(collected frim miorage tank) 2,0% 220 2.63 .38 4,00 1,50 5.75
L4/69-13ck Wall {234 i) 11-11-87 = ~a 178 Lk Ih4 204 Sk 150 = 1,700 H? 2,400 8.1 Very high 3.9 Muw
. B.B4  7.2H 1Ll.06 3,34 I1v.64 P H 16,16 dimm
=2%aaz Wull (R25 ft) L1-L1-67 —— 210 116 261 226 BRI 254 e 2,000 1,060 2,800 a.1 do. 1. Du.
10,48 9.50 LL.34 .70 MIL4S 7.1 11.95 '
2L ar &l Well {205 ££) Y-2h—bE me 557 186 231 303 2,460 571 5,280 2,160 - - do. R.7 High
Ty . 27,79 15,30 40,58 s.00 51,24 2.9 [N
=23 or ¢} Hell (198 ft) 10-2H-4k = = 7la 240 560 373 7,00 LT 4,920 z,00 - - do. 4.y  Haw
A 35.63 19.74 23 88 h 13 47.87 25,28 5%.37 dium
Lafu-zal Y Epring ' F=11=hé  w= e B9 a0 o3 71 143 52 06 34y -- - High 1% Low
Auhd 2047 don: R.05 - 2.98 1,47 n.91
-1762 8/ pug spring 7-174A8  —- — Bs 10 77 390 B4 40 %0 127 - -- da. 1.9 Do
4.4 2B 3036 694 L.73 1.1y .5
-168f Wabwr [eom Grewg  5-31-35 - == 4 19 53 360 16 3 53 zEe - s~ Very high 1Ll Do.
Fautmrn Mine h19 0 156 3.el .00 2.42 9 5.7%
L5/ {14 and Cuhin Canyon JLIELHETY IS Ay 1L kKl AGR 58 18 461 350 759 - Eigh .3 Do
AL/ Springs 4.45  2.54 1,43 6,09 L1 a1 6,99 .
Arlzona
.A3l_|j1r,-.:...l-" Yell N=12=10) _— - Ay 1% 216 138 3871 152 1,170 467 1,750 - . hoh I,
hoid 50180 341 2,26 Li.l4 429 9.34
A4/ La-TIabb Wall (105 ey L1-16-67 e m ) 125 110 4h4 1,780 A6 e 2,000 1,640 3,400 7.6 Very high 1.3 Ha-
22.65 10,12 13,56 J.R0 T6.AS O 12.07 Bt dium
—aebai® Lltclefield Spring 7 —4h  m- —- a0 27 52 208 113 44 X:H] 311 -— - Wigh L3 Low
b P LN 5 S I ) 4,68 Ay L.2% 6.2k
447 B PeteIfind Springs - -4 -- -~ 425 141 3y 4Bk 1,2700  CA31 T 2,820 1,640 -- --  Very high )3 Hes
27,21 1L.60 L13.42 .40 ?e.44 0 12,19 32.HL dium
whilly feep in roadeour 2~ G=hi: 76 24 345 129 o 14 1,280 L0 a 2,600 1,400 3,430 .9 dn. 340 D,
1737 10.63 17.81 L. Zu.us 22413 28,00
-4de Bpring 32l-by o= ae 378 133 343 iz 1,390 434 ¢ 2,800 1,490 3,730 7.5 do. 1.4  Do.
18,86 10.91 Ll4.9n 5.3 27.07 12,24 .77
=5hab Well (100 k) 11-15-67 &3 20 Y 28 74 250 138 43 w 500 357 B 7.4 High 6 Low
.0 2340 1.05 4,10 287 121 7.13
AG0716-1¢cc “Wall (340 ft) 11-15-078 am am 96 48 - .- 371 125 ¢ 910 447 1,400 — do. - —-
. 4.79 AL 7.72 233 B0
=daenl Well (285 £t) 1-15«h8  F7 25 134 4 N 210 685 Ity e 1,700 773 2, A00 8.2  vary nigh 1.5 Low
9,43 601 Y.59 EREL IR 746 L5.4h
ALl /15=29dcc Well (about 230 re)11i-15-678F — —- 27 14 - - 97 1% » 280 127 440 - Mudium - -
1.35 1.19 1:94 87 2.54
=33chd?  Weli (abour 10D tr)1Iwi4=-h7 —- — 191 79 160 297 534 254 & 1,400 AOG 2,100 1.9 High 2.4 Tame
9.6 k.47 7-00 4.0F 11,00 7.17 16,10
Utah
UL /20-354 Well 11=17-67  —- -~ A 7 1% 1is L K} w 230 147 k) o4 Madlww 7 Da,
2,40 .54 _R3 2.98 .39 1.04 .94
U4/ LE-53bal Summit Spring L1-11-07 == == 50 49 g P18 149 20 e J00 51 1,100 7.5 High 1,0 De.
1.99 4.06 374 411 h.lh 2.5 7.0%



Toble ¥7.—partiol and dotailed chemifal ghalyscs of URCAT bram wella, sy

Ingny sepps, and sbiesmm—Gonl fnued
Part L—-CUonKEnoad -

i Milligrams per Liter (upper numbaT) and . Fautors atteccetlng

mi]ll valents per Liter (lower number)d/ specific . cultability for
Buntd lam . coenduct- 1rrignt1n’ny
(MHa} ) . ance pH © Bodiun-
Taw= LEY.E olun . ' llard- {micro- {lab. . adsorp- Eo-
pulr  Cals= ne—  potws—  Bicar-  Sal-  Lhle- Udsmsclyed-  ness  -mhom per deter- ticn dium
Tiud e aturs  cium :1um-' aium bonatc fate vide, go0lids as ¢ arc nina- 5311|‘|1:y rucle hak=
Letation Zouree aompled  °F 00 (0x) [ 3 (LA sog [} content®  taly A"y tion)  Lozard {SAR) ard
Sriapt/ -
U4/ 19-17at Wicwl: Fiok Beawar  11-16-87 59 15 4B 3 - - 14 15 c 2o FL L0 - Mureldum -— -
Dam Wanh . . 2,30 1,50 AN -7 PTH
U4/ L9=ht Budvur T Wanh 11a14-67 - — ] 23 - - 49 20 ¢ dsb 286 St -- LU -= -
) 2,89 1.93 1.2 %1 w2
240 /15-4n L &/ do. (SF LR PR i 22 47 85 . Loz 27 454 277 - -- da. 1.2 Low
1.85 2.06 4,72 - I,12 78 554
=ihelf do. bepz-n) —- - 2 K1 8, A% n 9§ n78 621, - du. . B D,
147 1.0 4,23 5 1.77 36 5.56
—dpetf dis. 3-3)-55 73 23 mwoAN S L] 2 & 410 2K f07 &1 dar. 1.0 M.
3.99  L.64 4,44 L.yvé W73 . 501
=fibviy a0 L1-1y-G7 By 14 - - - — 1an Co e 440 311 oo - da. - -
. 2,27 1.07. G2l
—-'u:c:-"-“‘ Virgin River 4=13-B0 b4 18 197 Bl 7y 280 452 252 L0480 ful} L1940 7.H High 2B Tow
) LI 5.02 74 G4l 7.96 14,00
—heat/ do. R-20-66 B0 27 4oy wir (M 374 1,70 RUE 2,730 1,500 1,560 7.8  very high 3.3 He-
WAL 9.2 k.13 A4 11.37 30,03 dium
11-/7!?-7111-1&" do. 12- -ib - = 385 CRR (7Y 186 1,070 132 2,020 L,in 2,880 N} da, 1.5 Tow
17,71  5.1a EIR TR ¥ ' daie 2. .
— e 104 da, 7- 5-§7 —- - 4y PP A AT 2,00 947 A R00 . 2,170 5,870 7.4 da, 6.2 Uigh
. BB TH. 34 Lo h3 4z.8e 278 4294
Addicional .l fnallous [ deralled asalysea
Purt II . .
Milllgrans per liver (wpper awmber} aod © Milligrams per liter {vpper aumber) snd
min:l.equivnlmts per Liter (fower nu.mhcr)l/ ;an,-_ﬁ_u_i valenln ppar TLLel [ lowkl :mml:cr)l
: So- Focas-  Fluo- Ki- Uo- . ful Pulaa-  Fluo- Hi- L
E1tlea  dlum’  aium slile Tratc Yon . filica dlaw plom ridds CLEHLE P
Lovation ®  [510,) (Ha} (KD (F} (K03} (B) . _Loeardon (8000 (M) (H) 0 (F) (N5 (B}
GRAMT WATER ] ’ o
13/ 71-16ca 25 - - - - - AlG/ 16-4a 4,1 — - 0.7 1.0 0.1
. . -4 02
-l9das 2% -- - 0.4 oL .
. t.bz u.ulL Ad) Ly-febd 20 - -— - - ==
-20ccd 32 - - ] 9.4 0 =44 15 - - == - -n
1949} 02 .15 GTREAMS -
—dieed A2 - - -- g.8 - ' il .~ . - — -
{Luaz) L4 “‘“’11’.,32; m
LT P - - - 'Jiﬁ - _ibe 40 — - . 2,7
N ’ {1950y i .nh
14/69-23h 1 7 - - == - - —ibo ¢ uh 47 - — LY -
oroe (19533 L.l R
L - - - - _hee 14 175 16 1.0 2.0 AR
or e (4-13-66) 7R 0,41 0,05 .03
15/76-24 oo = shee 18 293 3L L2 L6 .85
=1k Fh - - - - - {SP==hi) 1200y 7Y Rild WU
15/71-4 and 3 - - -- - L4/70-Tbch - 114 13 - us e
-15h .0l {L2=7-68) 5,13 32
- (F2]) ¥ - - -
29,00 LY

1. Milllgrawsput Litw: wnd wllllayulvaleald per 1icar wew meliin wsilk of meakars Chato ard virtunlly ldootical vo parca per million and equivaledcs per
wlliion, reapeecively, for all waCwra haviaf @ specitic conducCmice Jwwn L whoul 10,000 niefouhod.  The mecrie ayacow of medsurenoot 12 receiving inercascd
use throughout the United Scates because of 1ts waluc as on Incerpacicaal form of sedentific communication. Theyefore, the U.4, Geological Survey rocently
huw adopted the systen for reporting all water-quality data, Wwhers only one number is chown, it iz milligrams per litcr. to

L, Salinfey baward Lo hawad un speclife cosduclasus (o omicomtion) ss follows?  Tow, 0a250% mediue, 251-750; high, 751-7,250; wery high =2,230, Sodiom.
adsorption ratia (SAK) provides on lodicecion of wlhet efteul ae frrlgwtlon watst will heve ou Goil-dralowpe vharaoLeriscles, AR La caleulaced as [ollows,
using millicquivalencs per 1Leer: SAR = Haf /(0a + Mg)/2Z. Sudiuw lmsanil ix bwssd onoan cmgiricol rolation between salinicy hazacd and eodium—yduworyt o
eatt, TRexidua pdlum carbonyte {sxpresssd in williequivaleniy per liter) in teﬁntgi_':'uq'ly;ru'lﬂl:ﬂd Lo aultabilicy for iveigarion aa 'follovs: safe, 0-1.25;
marpinal, 'I.gﬁ— T30 unauitable, »2.50. BSU 45 0,00 (safe) for all analyscs licted:above wxospt well wuliatr 15/70=1¢h, which has 4 value of D.a {aate) .
Tha srveeal Tueiars should he nepd ax E.um';'u'l n Alurs omly, hecanxe Lhe nodtability of s walnt Lo [evigatiom A];m' dupsinds on elisace, cype ot doll,
draipege chatdetsci=tivs, plant bype, and wmunt of waler applisd. These snd ocher aspects of wibter quallily for {rripat iom are disvusued hy the 15
Rallelty Laboratory Scabi {1474 . R

4. fumpuled se the millequivalent-per-liter differcnec berween the determined nwgatlve and positive fons) expressed aa sodiun (che codceatration of sodium
grevaily laowi Twsst 10 times that of potsseivm), Computatiom asgumes that comcencrations of undetermined negative ions—-cspeclally nilrrate--arée small,

4, ALL carbonace (003) valuws 0 mg/1 sacept! 13/70-32a, 4 mg/1 (0,13 me/1); 15/70-12b," 19 mg/1 (0,63 me/1),

5. Compnled wum, with bicarbonate expressed as carbonate. Loty o' denotes eatimaced sum.  FoT Virgin Blivcr at laf-Jbeb, valugs reproscnt residue on
svaporation, rather chan computed Sum.

by Sumple bailed Teom ounosed welli way pot represent chemlcal cherscter of wacar yiclded by well after apprectable pumplng.

7. Deitalled Tahocalory Aoalyslng addlilooe] deteroicntions arw Hiatwd o Part. 7T of this Lehla-

M. Analyalu hy Stule ol Nevada.

9, Ntream-watcr anolyscs are limtud Lo dowodCredm ardat.  Analysed of Vieglo River 3t slies a0/15-9ce mnd 14/70-Tbeh shiow representstive chemies] characier
for low aod high disaslved-sclids coATers. . .

10, Analyeis by rederal Water Pdl.l.ution. Control fdm,



l 5 «Most of these are only recommended 1im:|.t.a,, and water therefore may

given valuea. ‘ : o s T

Among the listed constituents, excegslve iron causes stalning
of porcelain flxtures and clothes, large concentrations of chloride
and- diusolveu .80lids impart an unpleasant taste, and-sulfate can
have- a Yaxdtive effect on persons wha are drinking the water for
the firzst -time. FExcesaive fluoride tends to stain teeth, especially
of children, and large amounts of nitrate are dangerous for infants
and pregnant women as 1t may increase the possibility of blue-baby"
disease.

Other subatances, such as arsenic, eyanide, and selenium, can
have serious:.physiological affects if present in more than trace
“amounts in drlnklng water, The U.S, Public Health Service . (1962,
p. 8) has established concentratlon limits for the several sub-
stances (for example, Q.05 mg/1 for .argenic}, Although no trace-

element analyueu are avallable for water ip. the Virgin River Valley
avaa,. tho Tact that . Jlocal water has been used for many. years,
me;minviy WLthout adverwe afL cts, suggestn that no: trace elements
arg preseht in ‘harnful quantlties. The . hardness of a water ig |
lmportant to many domestic users. ThereFore, the U,8, Geological
survey has adapted the following rating.

i
. .. Hardness range PP i - PRI
- (m¢111pramb pPP 1iter) o Rat*ngfand remarks
-60 ., . . .Boft (uuitable for most uses Without
s : S T ~ artificial softening) .. -
e . 611120 R .Moderately hard {usable except in some
. . o . industrial-applications; °oftewing
o : profitable for laundries) :
'121-180 "Hard (softéning required.-by laundries
y L . 7 and some"other industries)
More than 180 . ‘Very hard (séftening desirable for

most purposes)

' =5€f- - ‘The bacteriological quality of drinking Water algo is important,
‘but is out51de the .8cope of this report

Most waters sampled along the Virgin River flood plain includinp
the river itself, centain more than the. recémmanded concens rations of
sulfate and Uiﬂu@lVEd solnds, and Lhey characteristically are very
hard. - Elsewhére in the’ study aréa, the quality is more favorable

- for dameatie use, though very hard water occurs almost evérywhere.
The chemical - quality or"Well ‘water used as municipal Suppllea for
- Burkerville and Mesquite 1s generally acceptable at present (1968),
S However the qual¢ty of these Waters apparently can deteriorate with
W5 . ‘591
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Ltime if thé welle are pumped heavily._ Thetfollowing deta for‘the
Mesquite wells- iglicgest a moderate “fncréase in- dissolved eolide‘“

concentration between 1952 and 1967: ’

- '1' Yoee s , "; - . 5 .qu---. R Spec ific

i o e 3; conductance
| " Well ;__"l . 7' -+"Date - jmioromhoe]
.. 13/7P_2000d ' -Je 11952 - , ;f} ﬁ“aAw 561 -
L. (13/71-29Bba. Y 0 9B T TS M LgE e
=_(- iulB/’Tl 220bba, -andi « ‘. 1967 2 N I 780 ‘ -‘1

- possibly 20ced

“Further deterloration may occur if hedvy pumping ‘dontinues. The
alternatlive probably ‘is a greater number of widely- speced welle,*
with only*emall to moderate pumping of eech well. f”

On the. baeie of Very limlted information, neither fluoride
mor nitrate seem to béra problenm <4in-the study area. If any doubt
exists: regarding the -acceptabllity of a ‘drinking=water' supply, the

" Uzer should- cantact: thefNevade Heelth Division, Bureau of Environ—
mental Heelth Lee Vegae or ‘Carson- City.-

N _»__‘ » l.-l-(.d";

Suitability for Agriculturab Psa

In evaluating the sultability of a weter for 1rrigetion,
‘eritical factors to be. analyzed include dissolvedisolids -concentratior -

P
. .
) .

- the- proportion of sodium to calcium plus magnesium, and the QCCUrTente .7t
voflconstituents; such as boron, that can be toxic’ o plants. Four

factors used by the U.3, Salinity Laboratory Staff. (1954, p. €69-82)
‘to evaluate the suitability of irrigation water ' are” 1isted in table
175 dnd. are discusseds briefly in' footnote 2 of that table. Minor

amounts of bordn. are ‘es§ential’ td plant nutrition; . but, large quanti- .

ties -can be Highly- toxfo. "The recommended limite for’ boron in water
used for irrlgating eeneifive, semitolerant, and tolerant crops are
about 142, andi3 mg/l reepeotively, according’ to” Seofield (1936).

Virgin River, which presently supplies most irrigation. weter
-1h the study area-, *has’ proved generally. aooepteble ohemioally
although it has a high to very high salinity naZabd.” The rlver‘
water is acceptable because (1) soi1 dralnage 1g adequate In most
irrigateq- areas,.(é) the river's sodium hazard is” low or Ohly .
moderate,‘(B) large volumes of, fresher, though, sediment - 1eden,~:o
YriverTwater are- availeble td, flueh out,” o 1each aooumulated galts
durih® the &pbing snowmelt perioo,4end (4) the;Eropd Brown (largely
elfelfe) are edequetely tolerant from.s’ weter-quality etandPOintn

?equdiment £hat aooompaniee Water divefted from the river into
irrigation canalé, as 'well-as sediment- dumped’ 1nto the tanals by

it 60.
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B local thundershower runeff, 18 :a; major problem: in the Mesquite-
Bunkerville area. Reportedly, the quantity of sediment 1s so
great, particularly during large runoff, that the canals must
be flushed at least once & week during the irrigatlion season
(oral commun-.. from eeveral loeal irrigatore, 1967} .

‘The - river may not remain as acceptable. fer irrigatien in
the future as 1t is now (1968). Proposed upstream diversiong,
as part of the U.3, Bureau of Reclamation's. proposed Dixie Preject
.-(1961), may reduce the present-day average streamflow “at Littlefield
by as mich as 40 percent (U.8. Dept. of Intérior, 1967,.tab1e 18)
As a result, the average dissolved-solids doncentration may almeet
double, from about .1,700 to-as much.as 3,000 mg/l (U.S. Dept. of
. Interior, 1967, table 18). -Moreover; the overall salinity hazard of
water used for leaching.-and- irrigatlon-would increase. On the other
hand, favorable .aspects of the upstream development would include. a2
better control of the time, quentity, and hopefully, the sediment
content of the leaching-and irrigation water, In addition, 1f° ..
streamflow were .dugmented during the. summer period of: low flow, .

the quality of 1rrigation water during thet peried might be,: 1mproved
somewhat, - ‘ ‘ , o .

Much of the ground water beneath the Virgin River fi0od: plain
— is less desirable for irrigation than the river water, because of
. characteristicslly higher salinity and sodlum hazards. Elsewhere
. in the study area, most water is much.more sultable for irrigation.
. This is particularly true along- Beaver Dam Wash. Boron apperently
is. not a problem in the etudy area.

. Ae a preeautlon, water from a newly drilled irrigetion well :
should be analyzed to determline 1ts chemlcil acceptability. The
Sample eheuld be collected after the: well.1is" teet pumped for a.
period of time sufficient to provide. water truly repreeentetive
of that 1n the water-bearing strata. Analyses may be obtained free
of charge by Nevada residents. For information, contact the

gniVErsity of--Nevada, Coeperatlve Extension Service agent Las
egas.,, :

Meet animale are mere tolerant of poorwquelity:water than ;
man, MAlthough available data are somewhat conflicting, dlesolved-
s0lids concentrations below 4,000-7,000 mg/l apparently are safe
and acceptable for most animals (McKee and Wolf, 1963, p. 112-113),
provided that specific undesirable constituents are not. present

..in excesslve concentrations. -All water .zampled within the study

" area 1s sufficlently ﬁilute for liveatodk ugey hewever, dairy
cattle watered with river water are reperted to have béen’ leee .
productive than when: watered with elear, more dilute ‘ground water
{George Hardman; written commun ., 1969).

Ee
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THE AVAILABLE WATER uUPPLY

" QDUPGEE of Supply

o

In the lower V1rg¢n HJver Valley, the available water supply
consists of two interrélated guantities: (1) the system yield,
and (2) part of the grodnd wdter in storage. In'Tule Desert and
Egcalante Desert, Nevada, the -avallable wateprd supply ig limited
to the perennial yield of the ground-water” system plus part of the
**grouud water in Etorage - 8urface  runoff id donsidered too undppend--
able and too erratic fDP much successful development

[N

':“ System Yield RN

C
Lo

. *SyotEm yield ‘has been defined by Worts and Malmberg (1966)
ag-thé maximum amount of surface and 'ground water :of usable quallty
that cédh be obtaired economically each year fiom seources within-a
system for an-indefinite period-of tilme., “3ysten yield cannot exceed
the -natural ‘inflow to or outflow from- a-system. -Under: practical -«

- dohdltloRs of development, thé yield is limited to’ the maximum
amount’ of surface-water, ground-water, and water-vapor outflow .
that can be salvaged or diverted ECOHDmiGally dnd 1egally geach
yearffor beneiacial uqe

o

i

B ‘The eatlmated system yield of the'® 10wer Vlrgin RlVEP Valley
is- baqed on the guantitiéts’ 1izted in table 16 and thé followling.
limitations and Assumptions:” {1} Use by irrigatioh and muﬂLCipdlitlES'
is. considered salvage; (2) most evapotranspiration discharge can’
be salvaged; (3) up to half the surface-water and ground-water out -
flbw can be salvaged; (4) evdporation from watér: durfaces cannot,
vesalvaged; (5) water-quality, though marginal for some uses,:
1s acceptable for the Antended use; and (6) the”estimated system

yield: is within the’ 1imit¢ allowed by legal approprlationu and
decréés., -~ |

-

s Fop this"recbphaiaﬁance; then, the. éstimated system yield
shown in table 18 is the sum of cornsumptive use by crops, evapo-
transpiration in phreatophyte areas, ground-water pumpage, and

roughly half the burface—water and groundmwater outflow (3ee
“table 10.) \

B W ] P

'“’”ffff.f B [ Perennial Yjeld S

“The perennial yield cf a groundﬁwater revervcir may be defined
as the maximuin amount OF natural dischdrge that. can be - alvaged
each year over tho'lon& term by pumping; Without bringlng about

somé undesired result. Preliminary estimateu of perennial yield
are given in table 18.

'62Fh



. Table, 18.--Yieldﬁand'water"ﬁonsumptinn lower Vi_gxn Rlvé‘
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_equals the volume of saturated deposits multiplied by the specifilc

distribution endrrenge in chemleal quality of the grcund weter

_ Natural diecharge from thelTule Desert area, eccure by sub- '
surface’ eutflow.““Fer 1ack of” contrary evidence, the undérflow
is assumed to be southwatd toward:the:Vipgin River. The peepihility
of salvaging all or part of .the outflow wlthin the, valleydepends, - .
on theumannerin which thereutflew takeStplaee.* If water 1s moving o
over at Yapiliway" or YTip;d7-a largetpartscould be galvaged by drawing ;
down- the greundwwater levei ‘below the ~outlet ‘altitudey . On the other
hand, if:the outfrownieadiepersed vertlcaﬂly through a permeable

*fault eyetem or- 1oint pattern, or if .it- oecurs ab eeneiderable r:'{epi:h,Eg

only a small amount could be eelvaged by Jpumping within the. valley.
Becausé the salvable discharge prcbably{liee ecmewhere ‘betWween these
two 11mite,wthe preliminary estimate..of watér that could be-salvaged
within the Tule Desert is assumed ‘fer reconnaieeance purpoeee to, be-

wo.,

about one-half: the eetimated annual recharge*ﬁr”ebout 15 OOOwacPe- S
feet - S —— i . -I.l.nah :repu x Pr 4 s b st W S b ¢ . T . - - .
o . . P " __(.‘:' sy L"" v = 'TM,}" vy b r}n 5. R T . . .

Natural ground-water diecharge From- Escelante Deeert Neveda, R

is by subsubface-ontflow to Utah. «Prebleme ofs galvage - would: be
similar to those of Tule Desert, -‘Thus, for the purposes of-this - ° -3
reconnaissance, 1t l1s.assumed.that about. one-helf of the subsurface’ -~

outflow could be salvaged by pumping. - '

Ground Water in Storage in the Valley-Fill Reservolr

The amount of ground water stored in the valley- -£{11 reservolr - Q

yield of the material. Specific yield of.a rock or soil, with T
respect to water, 1s the ratio of (1).the volume of water which,

-after belng saturated, 1t will yield by gravity to (2) its own’

volume (Meinzer, 1923,‘p 28). Speefie vield is commonly expressed
as a percentage. ‘ .

«

‘In.the lower Virgin River Velley erea, the specific yield of T
the uppermost 100 feet of saturated valley fill is assumed to . - -
average about 10 percent. The area mapped ‘ag alluvium having: 100
feet or more of saturated thickness is- eetimeted to be about 80
percent of the alluvial area shown on plate 1s -This iz hased on__
topography, subsurface distribution of the alluviim, depth to *
water, and shape of the areas. The areas mapped &5 alluvium on L
plate 1, the areas used to compute storage, and the ‘estimated T
ameunt of stored water are summarized in table 19. ®
Although the,. eetimatee of ground water 1n storage are large,
the amount where’the. depth*te waterds less than 100 feet and where

sultable land is available’ fop eultivefien, is eppteOLably lesas.

Much of water in storage may be highly* minerdli7ed and therefore
unsuitable for irrigatlon or domestic uses.-The amount of- ueeble o
ground water in storage that 1s economically available depends R T

largely on the distribution of water-storing deposits and the '

BAL TR o
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Table 19.--Estimated stored-water in the upper 100 feet

o ; offsaturatgd valley £ill in_Nevagg .

A,

L

.- Estimated area underlain.

'Eatimated

Hydrographic by 100 feet or more of
area saturated valley fill . stored water
; : ——im - {acres) . '(ﬁﬂréffﬁﬂtl‘
Lower Virgin River Valiey:

In Nevada north of river 240,000 2,400,000
In Nevada south of river 46,000 460,000
Tortal (wounded) 290,000 2,900,000
Tule Deserr 53,000 530,000
Eecalante Desert 19,000 190,000
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“'WATER USE, 1968 = - . . :

Estimated total water use in the lower ‘Virgin River Valley
area, Nevada, during 1968 is summarized in table 20, The evaporation
loas from canals cannolt be prevented, -and therefore is assumed. to
be a hecessary loss asgoclated - with irrigation,

Total consumptive use of water for all purposes in Tule Desert -
and Escalante Desert, Nevada, probably. averagea less than 10 acre-
feet annuallv I .

R

66,



Table 20.--Summary of water use in 1968 in the

lower Virgin River Vallex, Nevada

Esrimated use

(acre-feét)

. Irrigation consumption of surface water (table 1))

Evaporation from main i:@iéatinn canals (table 14)
Irrigation gqnsumptiéngaf ground water (table 15)
Municipal consumption of ground water {table 15)

Private domestic consumption of gruung‘wﬁter-”

(tableé 17) ' ‘
Livestock consuwption of ground water (table 15)

i

13,000
80
250
230

10

30

L0 014,000

Total (rounded) -
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FUTURE WATER SUPPLY
Present water development in the lower Virgin River Valley
centers mainly around the flow-of the river.  The proposed Dixie
Project of the U,5, Buresu of Reclamation provides for upstream
dams and reservoirs in Utah for power generation and additional
~drrigated acreage -(UyS:- Bur: Reclamy, 1961). The report -states
on- page 7: '
“Releases from the Virgin City Resérvoir would be made
to meet the irrlgation demands .in the Hurricane. Division- and
the munleipal requifements, and within-the 1imits of the
remainlng water supply, to so regulate¥the combined power out-
put-of the three project: power plants-that the-power supplied
would eonform as nearly as posslble to the pattern of the
power market, due cohslderation being given to downstream
irrigation requiréments along the Virgin River in Arizona
.and-Nevada," (Emphasis_added.) . . e : ’

- T e .

More specifically, the impact of the proposed Dixie Project on e
~-stream regimen-is given-im-tables 18- and 21 of“the Bureau's report,
which show a depletion in average streamflow, under the 1930-55
condltlons, from 178,400 acre-feet per year to 116,800 acre-feet

per year. The flow reaching Nevada would be diminlshed by more

than 30 percent under the proposed plan of development. Because .
downstream users depend on the better quality of water provided

by flood and snowmelt runoff to leach lands, and in part to irrigate
¢rops, detention of these flows may cause problems, as is indicated

.on page 30 of the reports :

"The Virgin River 1s an interstate stream wlth parts of

.. 1ts watershed located in the States of Arizona, Nevada, and

- Utah. A number of meetings between the Governors and/or
representatives of these States have resulted in a substantial

- measure of agreement regarding the Dixle Project. The quality :

of water under the Dixle Project development that would reach e
downstTeam users in Arizona and especlally Nevada appears to &
be one of the untesolved items at this time." (Lmphasis addsd.)

~ Ground-water reservolrs in the area are as yet larsely untapped,
However, these reservolrs are in part hydraulically controlled by

the Virgin River. Thus, any intensive ground-water development
adjacent to the Virgin River flood plailn, generally upstream from
‘Riverslde, could be expeected to affect the river itaelf. Conversely,
any substantial depletion in river flow would affect adjacent ground-
water reservoirs. Large ground-water withdrawals adjacent to the
river fleood plain might be accompanlied by deterloration of the
chemical quality of the ground water caused by intrusion of poor
quality water from beneath the flood plain into the ground-water

regservoirs. .

- 68. ‘




Future ground—water development in the Nevada . part of the
Virgin River Valldy will depénd to varying degrées on: (1}
water -requirements, - (2) ‘technological and economic problems

‘sontrolling the- extraction of the water, (3) guality of the |

ground water as related to intended uses, and’ (4) effects of

1 Wupetream development on the river system. '

Por Tule Deeert and Eecelamte Desert Nevade} the only :
dependable source of water is the groundeate“ reeervoir._ Salvage_
of ground-water dutflow (table 18) is possible by’ ‘pumping:,, Any.
appreciable -reduction of cutflow would be. accompanied, by a sub= .

stantial depletion of ground water in,ﬂterege. This in turn means'
that to. salvage. as much a8 1,000 acre-feet’ per year of outflew

pumping 1ift¢ could be expected to increase markédly.
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'i‘ NUMBERING SYSTEM FDB HYDROLOGIC SITES“““ ?*”f“?,

-
SN B

k- [
Inﬂthis report, numbers assigned“to hydrologic *sTtegig — ¢
Nevada, are based on: the Pectangular subdlvisions of the«publlf
lands reférenced £6'the Mount: Diablo bdae 1ine’ ‘and meridian CEAdh,
number conslsts of three unitsi- the*first 18 thne “townahlp" aouth“”
of the hage 1ine, the m@COﬂd unit meparated from the f:rst by a
slant, Is the, range’ east of . the meridian,‘and the thlrd unit,
separafed fram the aecand by a . dash; deaignites’ the section number, Bl
which in-turn iB followed by a- 1etter that 1ndicates ‘the quabter- R
' section.; The quarter ections ‘are designated QDUﬂtEPCIOCRijE el e T
‘sequence N Fallowing the 1etter, a number 1ndicatem the order "The d
which' the site ‘was: re¢5rded within the partig¢ula¥r tract;. Tor Ter
example, well ¥3/70-25aB61°18 the firsf well redorded in- Nwhﬂwuswi
sec. @5, T. 13 8,, R, 70 E., Mount Diablo base line and meridian,

Lf only one site was recorded in a particular tract, no number
follows the tract letter.

_, .
v

The numbering systets hormally used in Arizona and Utah are .
the same as for Nevada with respect to section number and quarter
section; however, township designations are slightly different.

In this' report, the Nevada-numbering system 1s also used for

Arizona and Utah wells and springs to provide continuity for the
reader; however, gites in Arizona are preceded hy the letter A,

as in AK0Q/15 3&1 and those in Utah are preceded by the letter U,
as-in U40/19-3d1. The township and range numbers for all sites

in the Arizona part of the report area are -north of the Gila base .
line and west of the 3Salt River meridian, respectively. -Those for -~ %
Utah zre south and. west of the Salt Lake base line and meridian. o

70!

ba
"
w
%



~={0G0g

rO) BOTIDRIISH0N

Lo-ET-TT §og T " 71 0oL 29961 InABg "L *D BZE~
Lo-0T-1T S daviiey T o 00€ L95 o ton Z99psz-
‘ . . ’ *O038Y sA99 .
- _— 0SS *T - BT q 01T SOGT A23ey STTTATeRUNG TQqpsz-
~nTenT L0-CE-TT 0Z8°T —— sheq o 0g - £iteq usyey PPDPLI-
LT S5~ -6 oLy L E/0T e o hT Gyat g b DIH-0L/EE
- == CEQ'E aTou L10 fl o LGy CoAT : L0 PET-0L/TT
F0TEEE £9-21-11 a1 > = g T €95 €S6T . RT3LT Louy  qqz-§%/cT
L TT=M UTBIUNCH _
T°D 894 TZ'IE L9-%T-TT 0% € - 40T e 0 19 6177 SUTT ‘WIY  POZESTL/E
: : - . 1T=n ]
el 1A a1 T6- -6 064°¢ ~-f0T *38° g 9 ng TG6T  A21Ten TING “wig . zByT-
T ZHTR gt cT £9-9T-11 0L e - nss o o FOST TIE IRRTI-04 /D
. . TI2H
- 2 (ARt (6% % - q - 6% 756T que) surRg -rrIg BT~GO40
£5ht €6 €9~ -0T noofe - a a o £94T Yo, C} Pl
U3TS m.....nEﬂn_n_
T %She T £a- =0T 0scte - a g +£E £9GT SABJ 2IPIS BRBADH BLI-TL]S
EPTASN — AATTFA WOATH PISHIA . -
SYHATWAY (2JBIINS PUEBT 2IBD (LA [EEEEY 220 (ERUDUT} (3223 F DPALLELL TUEU 10 meaa I2O0ITE -
#0729 J927) PS5 UERE UMCTMBID DUE Izlasmein ugdap Ieag Ti=R

atael I=3en
o1 uideq
IVOWBANELIT [S4T[-ISTEM

DaADd® 129])
DVEIANE PuE]
JO BPNITITY

fmGaAYy praTL

233UTHUT SIBIG EDBASH Il

3¢ SeTTF =243 ur X=qomt o7 sul ST Jdsqung 77 STg4El ur
ToT 8, IASTTIID 71 (1 =Tqe3 UF STsATeue [eaTmeul o eyipway

' IsRuITiug 2aBag
BREATE 2173 10 SPI0DaX meIi IO “pojandsyd SUMODMBRIDR DUER DISTR

‘ S 28N jusiine sa1euBlTsep 1UBiS

2u] SUTAOTIO TOGWAS ‘@sn TT9s TRUISTad sojeulTssp JUBTS

e Burpsosxd Togwds -pssnun ' Tyoo3s g TRdiorunm fm
THOTIEEIZAT 7 fLITen ‘g Jordsouwon f TUoTIonITISTOD fa rosq
IUDLSTBURY DUBT IC NRIANT 'gef ‘WIS iouru io Iaund

Sprodsl FIRt-~"T7

STAEL

@

.I-



e

1 ETEE - -= 01E T - .0 A | e BGET TesiRy Moty Y =EGf0T
- - - fez 1 _— af1 - - . o ipang 3sel1cy ICT-B9/6T
T DETY g 19~ ~£ GSE°T -—f007T LY - ¥T 0og TosT L sweDpy "TI R ( BLE-
10 1T oy-27-01 g1 LESTIR afT of aeT 0 ORET o 7o€T~
1°0 T°6T G-tT-T 0LE°T RUC T i P s S 4 | © 96T TTRRPUDT ‘¥ wuOrL  To€z-
T3 DGLC vAAS L9-TE-TT Ty’ T - a - a CEg 690T *of Zegi-
: . s . R UDWEY BNI8H
: vqIIxy = sorfey
1 - o 6oy °T -~ I A Tee 13390y ‘2 Tegz-
T°0 vogY gige £-TT-TE - o99'T R A E 1 A el {pung URATT)  GLT- h
K] . . .”‘. . .- . - n. f ‘ v ‘ L ‘HHﬂOU . ...‘....
- TZTET E 4 GER T : - TLel lats) B+ 1: SR o oiny oprsasaty  IPCT-69/%T -
B ¥ 4 44 21T L3-GT-1T. . pes'tT . —~f0g5T .. oT. - TEZT - - -~ ZOLTe- © el orog - - qagEz-t “
S5 990 -0 OTT L TEe .7l T 060l njse g 2 gz 16T oq 2qq5z- ?
T ZBSE arA | - g angtT - .- W I 4 HCAT o BITE~ !
o . - S *J08SY I9IBh .
) nT - apety neire woon oTs 596TORITISHIR ] muﬁﬂwmm: L n Ty T
B A T L0 Y £ B & S MU o 1= Lo SRR q o Gh GR5T Xoy 1PUTIITI DEPET- o
: . . T "o uuﬂuundm t~
- 65T oy~ £ 09T - o0 g Gl YEAT  TOOUDQ 23TNDSIMT  eRqLT-
> fets 9y L 065 T - S CLED L 4 - £1TeqiaATHRSA  ©I9T-
: 'o088Y Aa3Bf
T2 NED6E B2t £8-¢T-1T 0T8T e . 'I - 2T RET m@mwammumeumm;muaafnma mmqﬂnqhama
B e CTZET SL9-ET-1T 029°T e f 00 ol 2T 06§ gusy T .om:..u grpage -
0 £86¢ §°01E £9~TT-TT 032°1 ~=J5Z¢ 1 0z GOE amaﬂ g “oft uﬂUmm
L R C e o - *208SY S1asf’ .
S £95T CGLT & T 05o*1 /et - nym 2 oL mnmﬂ Hmumx.maﬂﬁbmmxanm opIGE-
10 €6 £9-TT~T1 cosT T - . 8 2 - o o0 7oE-
T £9E%  HRE £0-TT-T1 AN e sfea 0 ol SG6T | mmmﬂm ounxg  “TIRE=0L/ET
mxumauwlﬂufmumzm PUET SIE] REEE (35317 EERMECT ] hummwv PET1Ein owed J0 19067 . ATqEnil
. HoT20 389F) oo P35 GEIW  umopmeip pUB isleweT  uyadag msI) . JITaM.
21qR1 X971 J 3a0QE 1993) (ud8) pIeIL - ‘ Lo coo
03 tadag .. @3mzIins puey
) JUSTUBINSESl [SASI-IP3EN  Jo SpniTiTy s
ﬂmnnﬂuﬁnU||mwuoumn ﬁﬂmzuu 12 274l . i

i . . - . - ) o . 4 F B -

o b



i eaete o

2 -- Rt it ¢ - R 2 SOT-0CT - S96T T toq 7Paocs~
=T - e TR T: ok S Te 9] 06T T G66T Toq T TPAREES T
- AR CL9-ET-TT 5-GO6°T | - /1 01 02 £96T ey GoaEe- .
. : : . L 111
1 . £ £o-¢T-TT 00°% = /6LE 1 . (0L -Z0T 6G6T  fa@arey TRTITTIH  93q¢g-
=T 0°9g L9-GT-TT - ST Nz 9T . -- i -- PABSSNOAR ¥ ‘A 2IE-
-~ 0ot 9z L9-CT-TT - -~f00i-009 I a1 " oot 9heT ~ A9dey 318paAng qze-’
P T o ’ *op Jugwda]dasd .
- 7°0R [9-€T-TT  :099°1 = . a et -- == SERTTTA UTRITA  PRZE-.
. . s N e i P08y ATIABD < o
i cE co- -f - L 8 01 enT SOET _BIB[J BIUBS BeE-
- L1 Le-GT~TT Q867 T s1oy A0 0 T - 99 T - R < ¢ PPRET- .
- 26 A9 =9 G96°T - I 71 .00€ . L9AT L :ron 2PPGZ-
- ¢*ag CE~LT~L €o5"1 - I 91 ooz (1)L76T soq POP6Z-
2 GG'eg L0~ST-TT §95°1 = /1 *1  .3I0EL fom Lotea 2IP5E~
- 00T 9¢- ~Z SR - 1 71 O£z Q96T TSEIL OUNAE  DARGI-GT/TYY
1 T og- =2 0LL°1 28/05L 1 %1 7L 204 B B §o0yE-
10 A1 29~ ~g 0LL°T 09402781 "I 7T 59T 0261 sayBnr 281 QBIyE- oy
1 954 L9-6T-1T GOL5T = 005 I 4T 00T L0961 - 0d poge-- I
0 LL°0e £9-6T~TT JulsTar C n‘r %1 o7e COnT SauSny BTUDIY  IVLE-
.UDmma.w.‘.m.\._”uumu ]
- A1y S 051 % aTou &I 0 s- . TES - BABTD BIVEBS - BR-OT/OFY
10 0°5% £e-8T-TT 0T6° T BT/006 1° 51 00T - TToTaMNoN R 'Y TOg-
. Z'LT 0%-T -(T 0T T - 1°a (Inp) £f  nf-0Z° QEST BDBATAY ouduRy IX aec—
1D sile LO-9T-TT GEG T R - PLIN V] SR & SoT L9681 aRgeY 33dMaAnT AGEE-CT/CHY
. . L ) . . Mol T C TARt RS
2 n Y Sy=-01-4 0 = - n ot - 50T 1S9l JUSWLIDADY 2y-0T/GEV
- - T BU6ZTAY - KATIVA WaATH MIOWIA . : .
ﬂMsmEeﬂ maummprﬂ TTET =M [LoATT i mmwmmww. MWD.nwmﬂumHu (=93] PR TLap IWETU 10 XA d=zqunu
noTag 1883) BRS AT2911  UMGDAMBID DUB 1332WRTT ISR - ABDL - ITEM
arqel Izjva sa0de 3923) (wdl) DITX .
.03 uadag . 29®jans puepl. .. "
JERMRINSEON [SAD[-1038{i 3O IPNIATITY o il

@

@

ABNUIIN0Y--8p10238X TI=9—-—"T7 mHmmH

- ../
1]
¢



: . f-.;,w B . o o ey mmonaﬁmm
Ty 2769 LTI 5 CELYS T a T aeg T == TR 2¥Foeg UoTY)  wggETTT U
-— T - - 0ELCS, - g g3-9 - - GI108SPEH Ugor  PPOZ-0Z/SEN
L et = , YERN "0) pEOifTEN _
T, - - ohﬂ m\ RERTRTC R ZT L SE%, L (2)EmeT DTFTORS UOTUR  I9E-ET/YEN
B Sane e Lo t - - b qeapts IRERq ALy Ivoss ,twnnum&. EEIE S L
-= 9*0€T Lo-L1-17 06L°S s S PENC A B 0T- . - - TTei voTadung  gpg- Hh\m _
. 5o . o : , - z $00, PROITIRYL . g,
1 - -- CsT’ °Toy L1 9 +€6T 7T6T OT3IOEG UOTUN «omlan\m
- 0w , i m%ﬁz-ﬁd%:@ﬁu L S LT il
N . i ] - LA ST e ORI STt ...w;m., et o Ll =
s - e R T e e L
1 73, = TOC%TT, T e . 9. LET:: RGAT  mEC um:mma SR nan mH\quH
. S 3RAIRN
1, L1 AR 111} B atoy L@ &, - 0EQ. SE6T. KoueSigmT Wean,  IPL-0T/€%N0
1. 82191 Le-H1-11 059 ¢ - It o, 02, 0967, nous TAIT  EHZ-GT/ZY1
— -, -— 0S5 €: s 1r OT=4T  ~- e wteq. . BT~ .
- - - -~ LT I - - —- SUTAIY soF  PG-. o+
. o h . N a3 c. . e _”H.mm:. g o | _”fr
; i, % Lo~ WM;HHM 009 e; ~= - olr  SE. 6SET uwwoau.-.on 0T~
- L R, o .. T . S SR (1134 e
T 71 - 9~ =%, PR I. T oL 9CET.  ITPPTW) ,, '0C umumn
A oyt . 86 FFGL (9 RT3 T 29 2GET(TTen uIeq) ,*od WEPESET/O%N
. B RN . - 3 " T ﬁﬂmmwmwmasv,mn e ;
1 gt 95- -6 - h/see - ZIT <9 9GET wowsy: *7 °C . PYE-
- - - 0527 E: o §°C g - . - SUTAIY S3E 45Z-sT/6EN
GEIN - ATTITVA 2ADT LIONIA gy = et

SHIEHIY (90BJANT PUTT

MOTRq 137)

(75557

Bos ﬁﬂ@ﬁ

mum®Mv
UBODHEID. PUE

ww: ﬁmmcucwq‘ﬁumme
ae39ueI]- wideq.

vmﬁﬁauu.

ieaj

SUBU 10 JI2UAD

b

T

FELIE
. IT3HM

wi [ [N
ITABRT I=IBA mbcmm ummmV (mAZ) uﬁmﬁw s
. o3 yzdeac T ... .7 ®0BIINE PUBY . iy S - . ‘
... JusmaInsesu ﬁmb@ﬂipMumw Jo 9pMITITY .. . . N g - -
e - FHE - . N N A L L T oo i

amﬂnﬁuﬂouwlmUHGUmp TT28——" Hm_mﬁmma



Toble Z2.--Uell iOU

- - e . Jr— "{\\licjlu-f = AT -.-- ’-J N B o . = Ti"\i gi_f“T T | Tr———

tlaterial ness . Deoth o Hﬂ;gtial . ,ngbﬁ ‘Deneh
- ~ (fﬂ“L) (feet) SRR o (feer)  (fact)
37762064, l o 13/79wbed e
Clay, rod and uTOﬂhp and , " Gravel, cemented ' 1 A
~ bealders | Az 12 clay, red s Lo 20 e 40
Roclk, de COTROsEG A ) Cl.‘l‘)’ , Sandy, rad ' 1ED . 220
Sandg, red S0 34 Band, fine filowing, Cwn
fock, decmanogard 28 "agﬂ water-bearing .. . 4. . & 22u—
Sand and. Houl;era "5 65 Liwestone, aaxd B 4 232
Clay, yeliow, aind boulders 33 o Clay, red, sandy, water- R
Granite ' 5 163 hearing 3.0, h?ﬁ5 <
Grauite, red, disinfegrated 23 126G v f oo . S N
Couzlomerate, cemenie S i1 i07 }ﬁilg:&é&ﬁg£ -k
Clay, ved, and conglomeratd 5 173 goulders 3 -3

Jahdsvone, red

ot

153 Clay, brown, and sand 33, . 36

wioks
+
j K]
L%

Cotiglomerate . Sand, brown, water—bearing 14 50
siale, white, tufa, and ™ tater - 16 .., .80
conglomerate - 193+, “Fravel water-bearing L. 3000 %0

57 . Clay, urﬂWd . ‘ S g 1ga -
/71-M1s B ' h Cla;, hrﬂun and gravel 13 - i1

Soil, sand : 4 - '
Soil, sandy 14 14 13/70-25¢uh2 : Tl T

Band and gravel i 33k ; R

N o i ' ’ I - v, . _'-5
B/70~14n" (rdv&l, cemerted, aud cob ules 35 3
T . } Cravel, coJules an¢ loose AT T
Gravel .. : .33 33 sand < ' 52y . 87
Sedrocl:, lime 7 © &0 Band coarse, aud gravel 18 .. 105

51ightly cemented . 50, . - 155

8/71~32¢d
§/72~32cd Sand, red with atr:aks’nf re%!

Sand and boulderz 5 5 elay o 145 :“'“35ﬁ'

Gravel, cemented 307 35 T : :
2 — : - v @

Gravel, water-bearing 200 .. 55 1310-Na L

boulders ! 61 ‘baud, leose, #nd gravel 85 . 65

Conglomarats s34y nhtly |

3/69-Tb P
1i3/69-~Fbh cerented |

Sand and gravel 33 30 Gravel, ceriented . -eD
LlﬂY: ﬂﬂnLY: end gravel 2?5 CT3a5 Sand, red, and sandstons L
Sand and prqvel 6o 355 stratas IH IR

3and and. gravel 45 510 Clay, nlue - o 17 . 300.
Gravel, sand, and elay 443 454 13/ 794 s ' o
Gravel . 53 513 ~éi32~ii51 ‘ R S
Clay, red 53 546 soulders

D s ) Sand and clay . N R
_L.g. {i— ] d ERRES T
12/78=23d Sand, water—bearing 237 45
3and, loese, and gravel - 93 90 Glay - o [ €= T -1 I
Sandstone in alterpating ‘ baud and clﬂy h S VA ~n'22

D layers of dawp and dry 220 315 ley ‘ ‘ R - S :1
Sandstoue, porous, dry 147 497 - uardpan S 2T 88
Clay 17 ws 0
Band, hard : S5 110
Clay : o8 iy

Th.
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Table 5y .~-Continded

e e an A e e . BT I X B

RN . Thick- o E lnlck_

jdaterial © "hness - heptn - isterisl " ness  Depth
R {feot) o feet). - Corl - e wes o o-(Faat) (feet)
13/70-35¢cde ‘ o lB/?l—iSaa ‘ )
Clay - w2 2 Soil, sandy. S 34 38 ]
Sand and gravel , 5 7 P ganli with Bravel ‘ 2 L
Gravel ' B 150 'oand fine ' 10 . 54 U
Graval YQllDU S e 35 :"ffraVel with asnd is 68 R
Sanu,fLoarse and gravel - T8 - o Al, €14y with gravel3‘1T L 1T B5. " .

_ Clay, sandy R ® S V- Gravel LT LR ;h 195: .
.Clgy, sandy, and gravel s 8 - 60 - Sand. ot LT "33 ljd
st‘ii}d“ :—:ﬁdy ‘ 2; : j; : ;M@_L‘

Clay, sandy 50 136 5o0il, sand;fan@,gyaVE1;iw” . L
Sand, red 6 7 142 water—-pearing 77 25 25
Glmy, aanﬁ? . 41-% 153 Clay(?) R 40 .63
Quluhﬂd“u, watar- qtﬂriu"' 17 ™ 200 © Band, gravel, and-quicksand 33 - 98
Clay,, sandy o 4) 240 | T o g
Qulcksand water—bearing “"1d“v 253 f' Aﬁlll:gﬁgg&m i ) e
Clay, red _ 13 263 3and, red, and gravel - 23 7 pi23¢ 7
Clay, blue S SR 13- Gravel, Liue 12 | 33

) - . 7 7 Gravel, brown 3T S
:;3{79-355%%; . L ' . Sand and pravel - 33 135
Gravel andboulders 7 TRy T 42 Sand, water~-bearing 25 ~1257
Gravel, cemented S 260 BB Clay, sandy. - 30 155
Sand, red, 4ud clay ‘ 145 ZD Sand, water-baaring A7 172. '

_ Llayy Ted” ‘ “',_ 15 223 " Gravel, water—bearing 3 175 -
Eanustone, gray b 224,1 Clay, sandy 15 -o501590 v
Sand, red, ﬂitﬂ Ein layars = ' ‘ * Gravel . S 1“4

of clay - ™ 76 300  clay, sandy. S TR 5 TV

. 13/70-35¢dd2 S i 13/71-2)ca’. ' * :
Boulders, "gravel, and clay - 13 13 Gravel, coarse 42 A2
Cravel,. sand and clay ' 'jzz - 35 Sand, red ' : 93 - - 1407
Clay, brown, and pravel ', - J}@u Gravel wateerEAring , 3 . 143
Llay, broum, sandy ' 12U 17G ) qand -red, mide with clay 52”“ 193
Sand, brown, and gravel ' 5 175 Sand and caarsc gravel S 200 -
Sand, brown, and clay 15 150 ' P
Sand, brown, water-hearing 45 230 ‘ T
3and, hrowa, a little clay S ) ' ' L

.and-.gravel, water-bearing 28 .. 258 .
Sand, water-bearing 2270
Sandatone urOJn, water— DO ‘ e
“bearing - IR e 271, . L i e -
Sggd, prown and’ layer of A s :&h“,jg C o S
sandstone : ‘14 T285" creoo ‘ .
Sand, brown, and brown elay 15 .300 . - -
car R -
Th.
g Ta vl s -
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Table 27.--continued
. Thick- : T Thick-
Material -ness  Depth . <. iieterial- ‘ness  uepth
: - (feet) . {feet) T e - {feet) (feet)
13/71-29bba s T 14/65-13¢cb . e
Sand and gravel 1 18" - Gravel ' 12 12
Gravel . .7 .25-< Clay 58t T 70
Sand, coarse i g, - 31 .- Sand, water-bearing 10T 80
Sand. and gravel ) 40 Clay - 30 © 110
Clay, sandy 15 <55 - Send and clay 14 . F 124
sand and pravel 3 i 53  sardpan ’ 10 134
Gravel, cemented 9 67 Clay, sandy BT 24, 1S58
Sand and gravel 38 105 Clay , 0 o168
Sand, red, and a little Sandstone layers 8§ 176
water at 115 feet 43 C 148 Clay, sandy I & EE £
Clay, sandy, with gravel 13 151 Clay; hard * 9 195
Sandstone, red 4 155 Clay, sandy 11 208
Sand, hard.: 20 ' 155 Sand-and hard clay- "6 212
Gravel, water-bearing 5 190 - Clay, sticlky T S 216
Clay,; sandy ' 10 . 200 ¢ Clay, sandy’ ) 18 234-
Gravel TRy 204 - . g ' .
Clay, 20 gg  M4[6223aZ - _A
Sand, water-bearing 1 " 225 Sand, gravel; and boulders 36 36
- N ; Sand, clay, and gravel - 32 65 -
13/71-2956bh Sand and érével 37 ‘105
Sand, brown ) 4 4 Clay, sandy? mixed with o
-Sand, brown, .with lenses of gravel 185 7= 290
gravel ) 47 51 = Clay, sand, and gravel mixed AL
Soulders ' 2 53 withh some coarse rock
Sand, brown 7 60 °  strata 135 425
Cravel, cemented 2 62  Pea sravel with streaks of - =0
travel, cemented, and sand 33 . 95 cemented fravel &) 435
Zand, browm, 3 28 Gravel, cemented with’Streaks
S5and, brown, with small ' of coarse sand and pea o .
streaks of fine gravel 144 242, gravel 140 625
Clay, browm’ 8 1250 - '



Teble 22.w~continued

- Thleks T T Thick- | .

liaterial .ness  Lepth veterial .nesz = Depth
{feet) (feet) L ‘ ' {feat) feet) .
14/59-23cl _ . 14 /62-23¢2~~contipued
Unknown _ 24 24 Sand n 174 .
Gravel, large-pebble and - Sand, hard’ 8 182
granules, and some _ Clay and gravel 1. 13
fine- to coarse-yrained . Sand . 4 187
s and 4 26 Gravel 4 19
Unlknown . ‘ 3 31 Clay, blue - AU ¥ i3
Sand, fine~ to LoarSy—nrainLd ) Sand ' 3 . 195
angd a few pebbles and Clay, blue 3 128
granules 24 " 5§ .
Sandglpink,.finc— to nedium=— ‘ 14/6( ~33a, .
grained, silty _ 2 57  Sana and fravel D a5 35
bravel, laxpge pebble to Quieksand S 125 160
branule‘ and some sand . 3 63  Clay, ved Y 2440
Sfmd5 fine- teo coarse-— ‘ N ' "’.-.-',-_Grav_el g . .U GO,
grained G. 66 Clay, red - 110 37G
Gravel, large pebble to " Gravel and water~nearing _
granule, and some sand 15 -~ 582 '+ gand : 70 &437.
Gravel : .14 36 ., Clay, red — Lu0 540
Clay, heavy, and littie o Oravel and water-bearing
cravel . 7. 123 gand 30 574
Sand - ‘ ) 2. 105 Clay, red 20 530
Clay, hcavy o .l 105+  Clay, red, hard, and shale 30 *23?
© T Glay, biue | ' 196 . 817 ]
14{22:%35& o ‘ _ ' '.f ' Cla?, red, hard, and sibale 70 50 '
Sand " 19 10 '
Sand” and claj 3 16 13/88-Te
Sand. 4 22 Gravel, dry 137 37
.gféfél, fine, water-bearing 5 . 27 Gravel, water-bearing 6 43
Sand ' 4 31 Clay, sticky , 39 52
Clay, sandy. b ‘35 Gravel, tigat ' , 3 85
Sand ond gravel 3 35 tarépan ‘ 46 131
Sand p 40 Gravel 1 i3z~
gravel 2 42 h4g/35-3abb
Gravel and clay o 45 =
Clay 14 62 Soill 12 12
Gravel, fine 2 G4 Clay and pravel 12 24
ravel, coarse 4 65 Sandstone and gravel 2 20
Sand 1 ¥ Livestone, white 6 32
Gravel 21 30 Limestone and clay 35 G
Clay i5 105 Clay, red 34 102
Clay, rock, water-bearing 10 115 Gravel 3 105
Clay 7 122 ’
Clay, sandy 32 i54
Gravel 4 153
Clay 4 1562 .
Sravel 3 105

73.



Table 22, —econtinued

Thick~

79,

Talci- o
vaterial negs  septi - waterial ness Denti
‘ : (feet) (fear) ~ e (feat) (feoet)
£60/15-5ba £449/16-3hcab L
Gravel sandj, pebbles to soil, aanqy Y
“1- inch diameter, and’ ; Sang v T N £
. some clay, 1*f00t;l‘ ) Clay 29, 90
‘water-bearing zone &t o Clay, ‘andy' ;2% . 114
18 feet.’ 23 23 Sandg . 33 . 145
Siir, sandy 7. 30 Sand and gravel 1o 1381,
Gravelﬁ sandy, pgbnles tm ; Gravel 14 175
I=inech dGiameter L1 L 41 Clay 3 175
Conglomerate, pebhles £o Lo Sand o3 - 18L-
5-inch diameteyr 15 T 56 Gruvel 5 187
-Gravel, sandy, pebbles to - . . Clay, 1 133,
hednch diaweter IR L. Gravel 3 181
Grit, sendy, and some clay Clay: - 22 ;213
with some granule- Jiz _ Gravel, sand, and clay 7 220
pEbbles 33, . 101 Gravel, coarse 3 0 223
- clay - 17 240
é&ﬂl;ngEEL sand, gravel, and clay 7 247
Clayj sanu,, 5 5 Gravel §-.-0 255,
Gravel and dand 55 60 Clay . 5. 260
Gravel and sand s 20 Gravel and send 15 . 275
Sand, water-bearing 4 ¥4 Sand and clay W 28k
Clay 12 156 PRI
Gravel, coarse 14 120 AL S .
Gravel 15 135 Sand GO 20
Clay 3..0..13z8 Gravel, dry 50.. . 150
Gravel 2 © 140 Clay ] 150
Clay 15 155 . Sand 15 205
Sand 6, 1685 . Clay .15 220
Clay 5 173 S5and and ﬂravel wvater- . S
Sand and clay 30 2% bearing 36 250
: ; : Clay 2 252
Sand . S22, 24
A41/15-22dbc =X
Sand- and clay 4 4
Gravel, dry r g 102
CraVEl water-Learing J1o 112.-
sand and clny 22 134
Gravel, water-hearing 1z 146
Clay &7 123
Gravel, water-bearing 7 1200
Band, clay, znd gravel 1z 212
Gravel 2 214.
uardpan, elay, and gravel 15 230



Table 22 wepontiound

daterial

ALY/35-2%dde o - ST ‘ :
Clay : Ah
Graval, dry S v BT :

115 - Gravel, cament

Gravel, dry 1
il Cluy, send, mnd gravel Ch S 11a
1

Clay, sandy
mand and ghdavel
vlay, sanuy
Sand and oraval
Clay, sandy
Gravel
Gravel and clay
Clay ' 23
Gravel L oad
Clay .o G SRE
Gravel . - 4 AT
Clay ' S 1 PETEE
Gravel : -1 757
Cley o z
2417153040

.,..
LRI N, I

135 - Sravel, cewedtad ‘ 1
140 Clay sng aend
168 srevel, o=t
"y S
15 LiET,
1:5 iy
172

Tl

[
B s 0t

P n
I W D

Cily,
and pravel

Sand, a little gravel 35 35
Gravel : K i
- Clay -~ 7y AL
CBend and gravel 4 15 .
Clay OO R Oranite,

A81L/15~335c ¢ [153d1 .

Gravel and clay : L3 G inil _ I 4
wlay, gandy £ a0 Jraval 3L 35

Gravel , tdpat 2z Lravel, censntes 33 s
) : " . [ Lo - 3 v o N .

Uhifisedul IR

#4171 5 35hch
Clay, gravelly Bl
Clay, sancy 5
Gravel, watérnbearing 15
Clay .
Clay, sanay G
Clay, gravelly 7
Gravel, tiunt -0 13
Sandy - | 13

Cead osna pravel 3 30
‘Gravel, ceumented 2 . 57

Urenite, pini i3 R

Dlay Epd dena ,
vwrvel
Llay spe pravel 25 3

. )
.
-
i
H a H ¢ .
1
. : Vo, +
. v
A 4

80 . | -



Table 22,~~continued

vateriasl

Tnfck-
ness’

Céprn T

'-Gravel; cenented

U43/15-205" ="

Gravel, cemented
Gravel andlelay =

Gravel,. cemented .
Lime, blach

Gravel, cementéd,.. -
Gravel, lime, black
Gravel

Lime, sblaeis ¢ . v ooy
Quartzite, hard

Gravel, cemented, pink
Limestone

Ll

Sand and grawvel, firm
Clay, sandy, firm

Sand and gravel with tidn

layers of clay, fimm

Sand and-~gravel, -loose -
“Gravel and rocks, firm:

et i -
i
u 5
t PR
(i
Y.
it
,
! -
. FERRELEE T -
A . .
C e Co.
uy i -
SRR VNN R
. E -
e - e
\ el
o aa
33 :
ca ik .
- v Ny

LI

'ﬁ};. 75? g

SR T

(feet) (fee );;1

- .

Ty S _"ﬁ
25 25
00 .
e 208 o309
1& 3i8
s 22, 4G
25 366
&35 450
0350050435
e AT
30 5% . o
&0 560
it <630, -
S vi:%ﬂﬂﬂ,;
30 30
PR B R TN 3 I
70 115

S 126
4L 137 -

Y . N . -
. ‘r [ [ N
T A ~
I
' Vel
= i
C
P i ' .
- L. . PR
. P 7 R e
P
. E *
-, ] . O,
- wal R
i k! -
N W i
v + el i k]
! LA -

oot
H
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. LIST OF PREVIOUSLY' PUBLISHED REPORTS IN ‘THIS SERIES

- Clover

Spring (near Panaca)

Paraca Tagle

Dry

g6

R@port : - ‘Report
No, - Valley - - Nd. . Valley N
1. Newark (out of prlnt) 28 Bmith Creek and Tone
2° Pine Eout of print). 29 ' Crass: (near Winnemucca)
3 Long (out of print) 30 Mornitor, Antelope, Kobeh
. 4 Pine Forest (out of print) . 31  Upper Reese
5 “Imlay area (out-of print) 32 “Lovelock
.6 . Diamond (out of print) - 33 Spring (near Ely)
7. Dessrt _ ‘ {out of print)
© 8 Independence 34 Snake-
Y97 Gabbs " Hamlin
10 BSarcobatus and Ozsls Antelope
11l IHMualapal Ilat. _Pleduaﬂt _
12 .Ralston and tohecabin Ferguson Desert
13 Cave ~ {out of print)
1 Amargosa 35 Huntington
15 Long - Surprise Dixie Flat
. Maszacre Lake Coleman ,Whlteuage Flat (out of print)
Mosquito Guano 36 Elddrado -~ Plute Valley
- Boulder 7 (Nevada arid California)
16 Dry Lake and Delamar 37, Grasz and Carilco Lake
17 Duck Lake: | ~ (Lander and Tureka Counties)
18 " Garden and Coal "38  Hot Creek - '
19 Middle Reese and Antclope CLittle Smoky
20 Black Rock Desert . 4 . Little Fish Lake
" Granite Basin 39 .Lagle (Ormsby County)
. High Rock Lake 4O ‘walker Lake
S Buminit Lake . Rawhide Platsa
- 21.;Pahrdnagat and FPahroc o Whizkey I'lat
- 22 Pueblao Continental Lake 41 Washoe Valley
- Virgin Gtidley Lake 42 Steptoe Valley A
23 Dixle Atingaree 43 Honey Lake Warm Springs
. Failrview Pleazant. Newcomb Lake Cold Spring
' .HEaztgate Jersey Dry . Lenmon
o Cowkick Red Rock = panlsh Springs .
24 Lake Badell ¥lat sun
25 Coyote Spring Aintelope
Kane Spring L4  Smoke Creek Desert
Muddy River Springs Jan Emidio Desert
26  Edwards Creek _ Pilgrim Flat
27 Lower Meadow Patterzon . Paintelrs Flat

swedaddle Creek
Dry (near Sand Pdmu)
Sano




‘. 'LIST OF PREVIQUSLY PUBLISHED REPORTS IN THIS SERIES -- conftinued.

. - Report. - '
L Ng. = ° “Valley

15 Clayton Valley
Alkalil Spring Valley
Lida Valley

. 3tonewall Flat
Crierntal Waszh

Grapevine Canyon

46  Mepqulite Valley
Ivanpan Valley
Jean Lake Valley
- Hidden Valley

L7 Thousand Springs Valley
48 Snake River Basin
4g Butte Valley

50 Lower Mcapa Valley
Hidden Valley
Garmmet Valley
Califernia Wash
EBlazk Mountains Area
Gold Butte Aves
Greasewood Basin

e
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UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

STATE OF NEVADA
DEPARTMENT OF CONSERVATION AND NATURAL RESOURCES
DIVISION OF WATER RESOURCES

Pleistocene
and Holocene

Miocene (?)
to Pleistocene

Older alluvium

L

=
1]
=L
awn
Ew -
8E| Vi
UI— Vrzrrzrz/
@ At hhprs
©.2| Carbonate rock
=
=

Noncarbonate

rocks

Younger alluvium

CONSOLIDATED ROCKS

EXPLANATION

Drainage divide

Geologic contact

QUATERNARY

3
A
Flow measurement siteand number

T
S 2 .2(1‘(.’
o
Lo Well and number
I_.
1 g 1 7dba
F o @
o Spring and number
jal I
<
L L 3 4  5miles
s ™ s |
== Approximate Scale
z= 1:250,000
5 7]
i
= o
=
1 go
= a1°a0

114°16*

ESCALANTE DESERT
(see plate 2)

nw—H

-------

PRECAMBRIAN
TO TERTIARY

LN |

114°30"

37015

/ hOrJf} !

hy
4]

|7
e

v

)

it

T

400 o \

o,

|

)

.....

T
13
5
$
) "(5
36°45" 7 L7
.-— : / f
2
T
14 ; ﬂu p
-]
o U
L
Y
2
@ % M
Yo
-

& 12
% R‘Ngf"é?

;

.,

o

114°00*

T
s

113%457

....

ara0’

-

ar1s’

36°30"

and California (1954)

Spillway elevation
1221 .

114°30

Base from U.S. Geological Survey 1:250,000 Scale maps:
Caliente, Nevada (1954) ; Cedar City, Utah (1953); Grand
Canyon, Arizona (1953); and Las Vegas, Nevada, Arizona,
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Hydrogeology by P.A, Glancy and A.S. Van Denhurgh, 1967-68.
Geology modified from Hintze, 1963; Longwell and others, 1965;
Tschanz and Pampeyan, 1961; and Wilson and others, 1959,

PLATE 1,—GENERALIZED HYDROGEOLOGIC MAP OF THE LOWER VIRGIN RIVER VALLEY, NEVADA, ARIZONA, AND UTAH, AND TULE DESERT,NEVADA
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Hydrologic Details of Parts of the Lower Virgin River Valley
(see plate 1 for location of areas)

PLATE 2.—GENERALIZED HYDROGEOLOGIC MAP OF THE ESCALANTE DESERT,NEVADA,
AND HYDROLOGIC DETAILS OF PARTS OF THE LOWER VIRGIN RIVER VALLEY





