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ETIALUATION OF THE WATER RESOURCES OF L&IMON VALLEY WITH

EMPTIASIS ON EFFECTS OF GROT'NIFT{ATER DEVELOPMENT TO 1971

By Janes R. Earrill

ST'IIMARY AND CONCLUSIONS

Thle etudy, made Ln ccoperatl.on nlth washoe county, city of Reno,

and Nevada Departnent of Conservatl.on and Natural Resources, reappraises

the water iesources of Lemnon Valley, a srnall valley of about 93 square

n1les eome 8 nLles north of Reno, Nevada. The water-resources reconnals-

sance (Rush and Glancy, L967) sas too general to Deet the needs of water

planners, developers, and adninlstrators ln thLs rapidly growlng suburban

8rea.

Thls nore detalled study was deslgned to reevaluate ground-water

recharge, dl.scharge, and yleld; to invenEory groundlrater punpage, rmported

uaterr and water use; to descrlbe the geologlc framework as lt cont,rola

the hydrology; to deflne the extent and magnitude of ground-rrater scorage

changes; to dellneate the extent of poor-quality water; and to explore

the possl'blllties of artiftclal recharge and the potentlal affects of

aewage effluent on ground water. Table 1 sumarlzes the prlnclpal quantl-

tatlve estlmates developed durlng this study. The prl.nclpal concluslone

regardlng the ground-water ayateu ln Lernmon valley are as follows:

l. Intenee faultlng and fracturlng assoclated stth the tlalker Lane

fault zone have forrned barrlers co ground-sater novement ln the valley-

flll:reservol'r and have created perueable zones Ln consolldated rocks
probably... .

. shlch'not only store water but also/transnlt sone sater out of the valley.

F-ault barrlers identLfled ln thl.s stgdy have necessltated dlvislon of thefor hydrologlc studies
valley/lnto Euo rnaJor subareas, Silver Lake and East Leranon, .and a further
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' ' '. tabJe f.-S,rm"r" of nvarofogfc e

(Tater estlDateg, ln acre-feet Per yearr excePC as lndlcated)

Sllver
Lake

East
Let"tnOn

subarea

LctnqOn
Valley

- . Area (equareollee) . .. . . .. . .

: Sumarv of natural condltlons

PRECIPITATION . . . . . . . . . . .''''
' - BttllOFF . o o o o o o .. . : ' ' ' ' ' ' '

. G:ROI,ND-WATBR INEI.OT{

Recharge.....'.""
. Posslble eubsurface lnflos . . . . . .

Underflow from Sllver Lake subarea
..' .- tO E3gt'LoflitnOn gUbafea . . . . . . .

.. GRqINIFIJATER OT'TFLOW

'.EvapotransPlr,atl'on........
' 5 Probable subsurface outflow . . . . .

', ' .' Underf low to East lennnon subarea

GROWD-WATER INFLOI{ AND OUTFLOW . . ; . .

PBRENNIALYIEID....... . . t. . . ..
' Sumaiv of condltlons ag of 1971

I}IPORTED WATER

"' SteadFacllltY . . . . . . . . . . . .
'...'. . Ralel,ghEelghts .... o........

GROT'ITD-I{ATER INFLO$T

Xatural recharge . . . . . . . . . . .
' Recharge frm lmPorted water . . .

,- GROIIM-I{ATER OI|TFLOW

BvaPotransPlratlon . . r . . o . . . .
Probable eubgurface outflord . . . . .
Annual puupage (1971)

53

29,0O0

2,2OO

1,0o0
nfnor

760

ninor

900

900

:oo

1,000
100

810

2r2OO

1,0o0

90,ooo

40

21,000

1,20O

500

il{nor

500

400

500
b 250

93

50r000

3,400

1,500
nlnor

1r2OOj*
1r400

1r300

1.rOOO

I,50O
350

11400
220

920
390

420
t:o

lflthdrarrn.....
.ConeuEed.....

" issl

580
220

600
190

320
200

Net locreaee ln ground-water atoraS,e'
oetural to 1971 condltlons (acre-feet).

AI'G}IENTED YIELD . . . . . . . . . . . ...
IRAIISITIOML STORAGE RESERVE (acre-feet) .

a

3,000 51200

b 600 1,600

50,000 14or00o

aaaaaaa

j

tt r. About 60 acre-feet GxKPorted as ievage not lndlcated ln total'
. b. Includes 140 acre-feet recharged sewer effluent.

2



oo dlvislon of East Lemton subarea lnto a Cent.ral area, Black Sprlngs area,

and Golden Valley. Addltional subdivislon may be requlred lf developnent

demonstraEes the existence of additional fault barrlers. Ground-water flor
wlthl'n conPartments formed by barrlers- ls courplex and well ylelds are

adversely affected- The barrlers also cornpllcate any plans for the orderly
development and Eanagenent of the valley-flll reservolr.

2. Under natural conditLons, recharge and discharge averaged aboug

1'400 acre-feet Per year--about 900 ln Sllver Lake subarea and 500 in East

Lp"'non subarea. Perennial yields of the ttro subareas are about 900 and

400 acre-feet, respectlvely.

3. lJater has been lmported to Leurnon Valley for use at Stead Facility(formerly Stead Air Force Base) .
/( L944. Slnce L966, water has also been inported to Raleigh Heights. Durlng

l97l about 900 acre-feet of Lnported sater was used by about 2r7oo persons

llvlng at stead Facillty, including industrial use. Abouc 150 acre-feet

sas used by about 700 persons livlng ln that part of Ralelgh Helghts within
the study area; however, about 50 acre-feet of this water rras returned to
the Truckee Meadows as sewaSe. Over tlre 27-year perlod Lg44-7L about

15'000 acre-feet of water has been lnported for use at stead. Because parc

of thLs sater becomes secondary recharge, ground water in storage has

lncreased by about 51000 acre-feet. Consequently, as of l97l evapotran-

cpiratlon had lncreased to about tr400 acre-feet. The augurented yield
(perennlal yteld plus secondary recharge fron lnported nater) was about

11000 acre-feet Per year ln Sllver Lake subarea and about 600 acre-feec

per year in East Lenmon subarea.

6. Ae of Septenber 1971' the State Englneer had lssued pernlts to
punp about 15'500 acre-feet per year ln Lemon Valley. If all pernlts to
PI|[P sater sere exercised, a slgniflcant valley-wlde overdraft would

3
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U delelop. Annual puDpage ln 1971 was only about 900 acre-feet wlthdrawn

rlth only 4OO acre-feec consumed. lJater not consumed, about 500 acre-feet,

ras returned to the ground-water resenroir slightly degraded ln quallty.

No overdraft on the ground-water reservoir had occurred as of 1971, but

slgalflcant declines had occurred in localized areas

5. If punplng ls not strategLcally dlstrlbuted wlth respect to the

suPPlI' local overdraft may develop even though no valley-wtde overdraft

erlsts. Optinr.rn areal distribution of punplng ls dlfficult to predict,
laferred

because of, fault barriers and resultlng compartmentation of the valley-flll
rescirrroir. Horrever, chances of local overdraft ln Silver Lake subarea

uould be reduced if net punpage south of Sllver Lake were about 300 acre-

feet per year or less and net puupage north of Sllver Lake were about

7OO acre-feet per year or less. In East Lemmon subarea, chances of local

overdraft uould be reduced lf net pumpage were abouc 4OO acre-feet per

year or less Ln the Central area, about 170 acre-feet per year or lese ln

Black Springs area' and 30 acre-feet per year or less in Golden Valley.

Ttrese estl.mates should be refl.ned as more data concerning cause and effect

relatlonshl.ps are developed.

6. rn 1971 the chenlcal quality of ground water, as indlcated by

aval'lable 5-amples, generally vas acceptable for Dost' usesl. Exceptlons to

thls are accumulatLons of naturally salty water beneath the playas ln

both eubareas and some wells affecced by local conditLons. Because salty

eater lo the flne-grained deposlts beneath the playas probably 1111 draln

sloly ln response to punping, no shorF-tern problen ls expected from thls

Eource, Irartlcularly Ln deep vells.

('
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U 7. Future plans for groundn ater development r-lll be affected

prlnclpally by the quanttty of sater avallable on an annual basls (augnented

yleld), sater-quality changes caused by recycllng of ground sater, hydraullc

barrlers caused by faults 1n the val1ey-fll1 reservolr, and areal discrl-

butlon of punplng

8. An average of 40O co 50O acre-feet per year of screanflow reaches

Sllver Lake where lt ls lost by evaporation. Off-channel spreadlng of the

streanflow in the area between U.S. Hl.ghway 395 and the area of natural

dlscharge ulght lncrease ground-water recharge. Purnplng 'ln thls area sould

aalvage the nater for beneflclal use.

' 9. Several possible plans are suggestefl for lmportatl.on of water

fron the Truckee Rlver basln to augnent the local supply' lncluding a

planned return flon. For example, wlth careful water tranagement and
Per year

treatoent, an lmportatlon of 31100 acre-feet/plus local ground-water supply

and reuse, would supply a populatlon of more than 20rOO0. Return florr to

the Truckee Rlver would be about 2r2OO acre-feet per year; a net dfversl.on

from the Truckee of only about 900 acre-feet per year. Legal and other

aapecta would hgve to be resolved.

10. The cause and effect relatlone descrlbed ln this reporB are flrst

approxlnaBlons based on data avallable as of 1971. To uake future refine-

nenta ln cause and effect relatlons, r€esonably detalled recorde of pr.rmpaget

perlodlc measuremente ln selected observatlon nella (preferably ln the

sprlng before large-scale punping beglns), and perlodlc sauples of pnuped

uater to Donltor the quallty would provlde uuch of the needed lnfornatlon.

Extenslve drllllng and tesBlng nlght be required to evaluate condltlone

tn rreas of compartnented valley flll' and to evaluate more

Sreaa and amounce of subsurface outflqt.

accurately the



prepared by che U.S. Geologlcal Survey; lt wae prepared ln cooperatlon

" ''' . .i slth the Clty of Reno, l{ashoe County, and Nevada Department of ConeervaBloo
:l' ': -''i
:," . .a' rad Netural Resources. The flrst r€port (Rueh and Glancy, L967lr was I

-.'.
. :. .",1 ',. teconoeleaance of 11 valleya ln weetern Nevada.' It lncluded prelLninary

Gatr-naBeg of the water eupply of Le"rnon Valley.

Thc need for thle st,rdy aroae from concern that iesldentiel and

'l,ndusdrlal.development nlght result ln an overdraft on the ground-uater

eupply of Lemon Valley. Eetltrates la the earller atudy gave a rlde range
,!

tn th: anoun! of 
-water 

avallable (between lr2OO and 2r1O0 acre-feet per

yearl wnfci does not provl.de epeclflc enough 'lofotratl.on to neet present

ead future plannlng needs. Also, the reconnalsgance etudy posed questlone

coucernlng the ground-rrater flow syeten and water quallty shlch could not

be reeolved durlng the brlef lnl.tlal at,udy.

, Ttrerefore, . the prlnclpal obJectlvee of thls atudy are: (1) to

reappral.ee natural recharge to, dlecharge frou, and perennlal yield of the

ground-nater systen ) (2, to degcrlbe the geologlc framesork aa lt controls

Ghe hydrologlc systen; (3) to descrtbe the flow syaten and evaluate posslble

treas of lnterbaeln flosl (4) to laventory developuenc ae of 1971 and to

elppralec effecta of punplag 8ld lnportlng water on the hydrologlc systen; 
.

rnd (5) to appralse the cheulcal quallty of the water to beBter deflne
-rraaa of goor eaterquallty and provlde a bagle for coaparlson ls the

future.

ll

)
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Fleld work began 
'n 

July 1971 and was completed ln December LglL,
and lncluded: canvassing and measurlng selected wells, collectrng nater
eaaples' napplng areas of phreatophytes, naklng one puurplng test, fleld
checklng data frm publlshed geologlc Eulps, and drlll lns 27 small-dlatreter
obsenratl.on vells shere addltlonal daCa nere needed. Surface_water runoff
vas estlmaced frou discharge and channel-geonetry Deasurements rnade at
selected sltes.

The estinates deveroped ln thr.s study are subJect to some errors
that are r.nherent ln applyrng point data to large areas and ln the slnpll_
fylng assuoptlons made 

'n 
order to evaruate naturar condittons. Estlmates

derlved for a complete hydrologic basln generally are considered to have
errora of less than about 25 percent. However, addicronal specifrc data
rould be required to aPply these generallzed estimates to a part of a basrn
slthout rlsking increased error.

. Lenqon va[ey r.s a smarl topographlcarry crosed basin about g mlres
northwest of Reno, ln washoe county, Nevada. Total area of the varley

' .le about 93 square ur.les. Rush (196g) dlvlded the va'ey rnto Ewo parts,
an eastern part and a western part. These subdrvislons are used rn thls
report and are shown ln frgure 1. Ftgure l also shows the prlnclpal 

:

featuree and 10cat10ns of naln roads and weather atatlon.
The eastern part of Leumon valley contalns about 40 square nrres, and

le referred to as the East Lemruon'subarea. rt is further subdlvlded into
Golden valley (4 square nlles), Black sprlngs area (ll square ulles) I and
the central area (25 square nlres), as shown rn f'gure r. Altrtudes range
froa about 4r9r5 feet on a sna[ playa near the center of the subarea to

8'266 feet on peavlne Mountarn. Mountarns aloqg lhe east border
generally have alcLtudes of less than 61000 feet.

7
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The restern part of the valley covers about 53 square miles' and 1s

referred to as the Silver Lake subarea. Silver Lake ls an intermittent

playa ln the southern part of the subarea. Altitudes range from about

41955 feet on Silver Lake to 81266 feet on Peavine ltountain.
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DEIIELOPMENT

Lemon valrey is currentry undergorng a perlod of rapld growth for
resldentlal and industrl.al purposes. Thls ls largely because of lte
prorlnlty to the Clry of Reno.

Prlor to the l940ta the area was

ltnlted to several snall farus ln the

aparsely lnhablted. populatlon yas

valley and sooe houses along the
l{estern Paclftc Railroad' rndustry conststed of nlning and some cattle
ranchlng' rn the early 1940rs, scead Arny A1r Base was establlshed. The

lnitlal water supply for the base U,as frou wells z'.lLg-30ddda and

2l/19-3lccccl (pl. l) and a oine shaft on peavlne Mounrain. water from
well 21/19-3lccccl and the nlne shaft uas of poor quarr.ty. r{ater from
veLL 2LlL9-30ddda was of good quallty, but the yleld of the welr was snall.

To obtaln a dependable supply, lrater was lmported from the Truckee
Rlver' The lnltlal plpellne was lnstalled ln 1944 and served the needs
of the base until 1956 when a l4-lnch llne was lnstalled whlch ls stlll
ln uee today' Scead Alr Foree Base remalned the prlnclpal Lndustry in the
valley untll lt was closed' ln July 1966 and released to local lnterests.
currently, the city of Reno operates the arrport and sewer facgltres;
about 650 houses ere rented by courmerclal lntereats (oasis ttor", and stead
Park). The sread Facrllty of the unlversity of Nevada and several
lndustrles occuPy uost of the forner ntlltary base, and lJashoe county has
expanded the 9-hole golf courae to an lg-hole publlc course.

Populatlon (excludlng stead Alr Base) locreased from about 75 in 1946

ro abour 550 ln 1956 (borh eerlDetes froo .".rll"i"t;lt:; abour 2,OOO

ln 1966 (Rush and Glancr, L96r, p. 39). uerng an estrnared popuracion
for the Stead Faclllty of about 21500, the eetlDaced total populatlon of
the velley'1a- 1966 uas about 4'500. Raptd growth has occurred elsce 1966,

l0



tJ and Ln 1971 estlnaced total populatlon nas about 7r000. This lnclude's

about 2r7OO persons llving ac Stead and about 700 persons llving in that

part of the Raleigh Heights subdivislon (flg. 1) whlch extends into Lenmon

Valley. These resl,dents are supplled by Lnported water. The remainlng

31600 persons obtain rdater fron ground-water supplies developed withln the

area. About 900 obtaln nat.er fron lndivldual domestic wells and 2,700 are

supplled by water conpanles or prlvately owned systems, such as those

which aerve tral.ler courts.

Ag of 1971, large areas of additlonal land had been subdlvlded for

future developrnent, and the State Engineer had granted permits to pump about

15r5OO acre-feet per year. Permits had also been grant,ed to pump about

60O acre-feet of ground water from adJacent Cold Sprlng Valley for use

ln Lenmon Valley.

11
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ITTDROIOGIC EIWIRONMENT

PhvslograPhic Features

Iandforns ln Leuton Va1ley are typical of those ln the Great Basin.

The valley ls a structural depresslon partially filled by unconsolidated

gnd seniconsolidated lacustrl.ne and subareal deposits. Physlographlcally

the valley My be divided lnto three Parts: mountains, alluvlal aprons,

and playas.

, fr" nountains bordering Lemon Valley consist of complexly faulted

granltic, volcanic, and metavolcanLc rocks. Thelr Sross slze, shape' and

rellef rrere controlled by faultlng associated with large-scale reglonal

defornatLon. Erosion and snaller structural feacures largely account for

the gresent topography. The mountains are areas of active erosion and

are the oaJor source of both sedlment 
-and 

water that reach the valley.

The alluvlal apron ls the area of lnternediate slope between mountains

and the couparacively horlzontal playas. Slopes on the aPron range from

about 8OO feet per mile on the north flank of Peavine Mountain to several

feet per olle near the playas. The apron generally ls composed of

coalesclng alluvial fans but Day also contaln pedlments, or areas where

bedrock ls covered by a thin sheet of alluvium. In some areas, such as

parts of the north slope of Peavine Hountain, alluvial deposits have been

upllfted by recent structural defonnat,lon. These areas are commonly

deeply dlssected, and older al.luvtal deposlts are exposed at the surface.

Ipcal rellef nay be as much as 150 feet.

L2
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L) Playas occupy nearly horizontal areas near the centers of the two

subareas. Each subarea ls topographlcally closed and contalns one or Eore

playas, as shorm on plate 1. Silver Lake subarea has one large pLaya,

Sllver Lake (area 430 acres) and three smaller playas (comblned area about

70 acres). East Lenrnon subarea contalns one large playa (area about

800 acres). Playa altltudes in the SlLver Lake subarea aEe 40 to 5O feec

hlgher than the East Lel.lqon playa. This difference has hydrologic lnplt-

catlons whlch are discussed ln a later sectlon of this rePort.

A Pleistocene lake occupied parrs of both subareas. Shoreline features

are prominently developed along the northeast side of East Lemon subarea.

The htghest observed features uere at an altltude of about 41980 feeB.

Well-defined shoreline features rrere not observed in the Sllver Lake

gubarea.

Llthologlc UnLts

For the purposes of thls report, the flve naJor lithologl.c units in

Lemnon Valley were dlvided into trro maJor groups on the basis of their

hydrologlc propertles: (1) unconsolidated deposlts, which forn the valley

f111, are hlghly porous and commonly transml.t rrater readlly; and (2)

consolldated rocks, whlch compose the mountalns and underlie the valley

f111, eooaronly have low porosity and permeablllty, and except shere hlghly

fractured, do not readtly transmlt sater. Ttre flve llthologlc unlts are

descrlbed Ln table 2; descrlptions are based on the work of Bonhan (1969)

and fleld observations. Areal dlstrlbutlon of these units ls shor.n ln

flgure 2.
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Cr Structural Features

Rocks ln the study area are believed to have undergone two periods

of structural deformation: one ln late ltesozoic tinne and the other ln

late Tertiary and Quaternary tlme (Bonban' L969, P. 42). The late ltesozoic

period of deforrnation resulted In pre-TerCiary sedlmentary and volcanic

rocks being strongly faulted and folded and regional-ly metamorphosed prior

Co the lntrusl.on of granitic rocks in the Cretaceous Period. The second

period of deformation began in Che niddle to late Tertiary and has continued

to tire present. It has formed the structural depresslon underlying Lernmon

Valley and shaped many exlsting Copographic feaCures of the area.

The structural features formed during this last period of deformation

have greatly affected the ground-water flow system in Lemrnon Valley. The

effects are malnly related Bo one of ttJo conditions: (1) development of

bedrock permeabillty by formatlon of higtrly fractured zones adjacent to

faults, and (2) Che fsrmation of barrlers to ground-ltater movementt

probably resulting from poorly sorted rnaterial and cementation along fault

surfaces ln the valleY fil1.

The high degree of struct,ural deformation in the area Ls due ln part

to lts close proxlmlty to the h'alker lane structural zone which is adJacent

to the north parC of the area. Bonham (1969' P. 44 and pl. 1) descrlbes

the zone ln Washoe County as a number of prominent, en-ecltelon, northwest-

trendlng faults ln a zone approxlmately 20 miles r'rlde extending from

Wadsworth, Nev., norCheast Clrrough Honey Lake Valley and the southern end

of the Smoke Creek Desert. Thls same zone then extends northwestward lnEo

Callfornla. Long, large-scale faults assoclated sith this structural zone

oay provlde continulty to zones of fractured bedrock nhlch tpuld not be

presenr ln other areas. ltaps by Rush and Glancy (1967, Pl. 1) and Bonhan

(fgOg, pf. 1) show the extent of these features ln areas adJacent to
Leomon ltalleY.
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fre faults shown on plate 1 are those urapped by Bontrau (1969), Rush

and. Glaocy (1967), and a few addltlonal ones napped during the course of

thls etudy. Ttrese represent only the most readlly dlscernable faultr.

hamlnatlon of areal photographs and brlef field observatioo suggest that

other farilte exlst; however, it was beyond the scope of this study to

-.properly Dap then.

fbe sft( faults that nost

been named or lettered so that

Igter sectlons of thls report.

flgure 2. i

Cllnate in Lemon Valley ls slnllar to that of other valleys ln

rescerd Nevada at comparable altttudes. Preclpitatlon ls controlled

largely by topography. Alr nasses that move eastward over the State

are generally deflcient ln nolsture, and areas at low altl.tudes cournonly

receflve less moleture than areas at hlgher alcltudes. Wlnter preclpitatlon

generally fal1s as anow fron reglonal storms, whereas sr.lmmer preclpltatlon

1r locallzed as thunderstorsrs of short duratlon and coumonly of hlgh

lntenslty.

Records from one prectpltation staBion ln the valley and two nearby

rtatlons are lleted ln table 3. Average annual preclpltatlon ln Lemnon

Ya1ley probably ranges fron sllghtly less than 8 lnches on the lower part

of the valley flool to more than 20 lnches on the upper slopes of Peavlne

liounteln. Much of the preclpltatlon at the south end of the valley falls

on the Dorth elope of Peavlne Mountaln where potentLal evapotransplratloo

1r leee Shan nhere the mountalu elopee have e coutberly erPosur€.

()

dlscernably effect ground-water flow have

they could be mor.e easlly referred to in
{

The nane and th{.etters are sholrn in
t

. Cllnate
^-..

\
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o Table f.--l""r.gu ron*rfy ""4
three stacions in or near Lemrnon Vallev

[Fro records of the tiational Weather Senrice]

StatloJ;an. Feb. lLar. Apr. May June July Aug. Sep:. Oct. Nov. Dec. Annual

Reno L.?7

Sand Pass 1.02

Stead AFB 1.3

'1.91 0.7i 0.45

.83 .56 .44

1.28 .73 .51

0.41 0.28 0.20

.53 . 19 .L2

.14 .31 .28

o .42 0 .65 I .05 .7 .22

.47 .60 L.O2 5.60

.47 .64 L.O7 a8.42

0.51

.52

1.18

0.26

.30

.31

4r4O4 T.l9 N., R.20 E., sec.18

4,198 T.28 N., R.20 E., sec.3l

5,046 T.21 li., R.19 E., sec.29

1. Information on station locations given below

Altitude Station location Perlod of record Remarks

About 10 miles south of
study area.

About 40 mlles north of
study area.

Near cent,er of scudy
area. See figure l.

a Computer printout of Stead AFB data showed average January precipitation
of 3.98 inches and an:rverage an:lual precipitation of 11 .1 indres. Values

shown ln above table atljusted on basls of monthly distribution of
preclpitation at eight surrounding stations (iteno, !.rnd Pass, Doyle,

Vlnton, Portola, Sterraville RS, tloyle 5SSE, and Loyalton).

34 years,
L937-70

54 years,
L9L3-62'.

'-967-7013 years,
L952-66

18
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Rush and Glancy Q967, p. 7) sumu:rrized freeze data from published

records of the U.S. l{eather Bureau.for six stations adJacent to the study

area. Ihese data suggesE that ln Lemrnon Valley the summer perlod between

32oF frosts is usually about lOO to 130 days and the period between 28oF

froets Ls usually from about 130 to 170 days.

Preclpltatlon records for nearby stations lndicated rhat 1969 and

1970 were years of above-average precipitation at most sEatlons. These

trdo wet years lmnediately preceding this study probably have had some

effect on rJater levels in wells and vegetation denslties observed durlng

this study.
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tr GROMD-I{ATER RESERVOIRS

Trro ground-sater reservolrs are recognized ln the study area: (1)

fractured consolldated rocks ln the uplands adJacent to and at depth

beneath valley f|'11, and (2) valley fill' whl'ch fotms the prioclpal

water-bearing units'
Fractured Consolidated Rocks

consolidated rocks of tha tyPes shonn I-n flgure 2 and descrlbed ln

table 2 ate generally not capable of transuittl'ng appreclable quantlties

of water, except where secondary perrneabillty has developed as the result

ofstructuraldeformatlon.Becauseofthehl.ghdegreeofstructural

defornarlon, bedrock ln locallzed areas ls capable of storlng and trans-

nlttlng enough rrater to be slgnlficant. For example, fractured granl'tlc

rockslnGoldenValleygenerallyyleldsufficl'entgatertolrellsfor

donestlc purposes. A1so, publlc-supply well 2olL9-hddac, Just downgradlent

fron where Golden valley dralns to the central Area, was drllled to a

depthof2g6feetlnbedrockandreportedlyproduces44ogallonsamlnute

from ,,hard rock wlth fiactures.tr Fractured bedrock alsc appears to be

transnlttlng water along a zone lnrmedlately east of the Airport Fault (pl' 1)'

Thlelelnferredfronyaterlevelslnnearbyalluvlumandlsdlscussed

furt,her ln a later Part of thls rePort '

Teble 4 .llsts estlnated Eransnlsslvltles acd average Permeabllltles

for aelected nells drilled 1n consolldated rocks'

Generallylthr:permeabllltyoffracBuredconsolldatedrockslsnot

hlgh,endthechanceofdeveloplngahlglr-yleldgelllnthenlssEall.

Coirsequcnt[y,fracturedbedrocklsgenerallylessfavorableforground-

rater develcpment than the va1ley-flll reservolr' Hosever' zones of

frac*.ured bedrock assoclated t'.lth ilajoa faults llay tfansolt I'ntervalley

ground-nater flow'
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Vallev-Fitl Reservolr

The valley-ftll reservoir is composed of younger and older alluvium

that partly f|lls the structural depression underlying Lemnon Valley.

These deposits contain the most productlve aquifers ln the area and are

considered the more feasible source for large-scale developnent of ground-

water supplies. Consequently, elements of Che hydrologic system are

dlscussed in terms of thelr relatl.on to the valley-fill reservoir.

Extent and Boundaries

The valley-f111 reservolr occupies the central parts of both Silver

Lake and East Lemmon subareas. It has a surface area of about 50 square

ml1es. Consolidated-rock surfaces of adjacent uplands and their subsurface

extensions form lateral and bottom boundaries of the reservoir.

The conflguraElon of the bottom surface cannot be determined from

existlng data. Flgure 3 shows the approximate areal extent of Llre valley-

f111 reservolr and selected depths to consolldated rocks as rePorted ln

drlllerst logs. Because Ehe valLey-fi11 reservoir, as deflned for this

report, does not include areas of thln or unsaturated alluvial deposlts'

the area of the valley-flll reservolr is sliglttly less chan the area of

valley-f111 shoun on plate 1. Several generallzations may be made fron the

data shown ln figure 3. Thlckness of f111 ln the Sllver Lake subarea ls

generally greater than that Ln the East Lemrnon subarea. l'l'axlmum thickness

ln the Stlver Lake subarea ls not known but probably ls greater than

1r00O feet. Bo:rham (1959, p. 53) states that the northr.resE-trending faulc

that bounds tire steep northeast face of Peavine )tountain has over 2'000

feet of dlp-sltp displacement. Maxlmr'- thlckness of f11l probably does

ffrt erceed thts araount- Comparatlvely thln accunulatlons of flll are
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present ln Golden Valley where the thlckness did not exceed 2OO feet ln

any of the wells. Thlcker accumulatLons occur in the Black Springs area

and depths to consolidated rocks of more than 400 feet are probable.

However, conslderable variation in thlckness may occur due to structural

rellef caused by the faults shown on plate l. In the Cent,ral Area, depth

to bedrock ranges from less than 100 feet along the southeast side of the

valley to more than 600 feet near the Airport Fau1t.

Transmissivity and Storage CoefficienEs

The transnissivlty and storage coefflcient express certain sater-

bearing properties of che va1ley fill. Transmissivity ls a measure of

the abllity of an aquifer or reservoir to transnit waEer. It ls dependent

on the perneability and the thickness of the aguifer. The coefflcient of

storage ls a measure of the amount of water that w111 be released from

storage, wlthin a unit area, as hrater levels are lcwered. These coefflcents

nay be used for computing drawdowns and storage changes caused by punping'

or ln the determinacion of subsurface flow.

Transmissivity rnay be estlmated from specific capaci.:ies of wells,

which are usually expressed as yield ln gallons Per mlnute per foot of

drawdown. Properly designed wells ln deposlts wlth high transmLssivitl.es
tappint dcptrsiLs

have higher spectf ic capaci.-ies than wel1s/tlith lotl transrnlssivitles.

Transnri.ssivitics i;ere <Ietcrmlncd ,ronr 
.-:_11: 

pumping test rna,le during r'

thls study and from reporLed speclfic c:,rpacities ancl pumping-E,cst data for

nlne otlrer srells. These estlnates are shot'n in figure 4, and represent tlre

ablltty of thick sections of valley fill co transnric uacer laterally.

Insufflcient data are avall.rble to delineate zones of dlfferent transmis-

slvlty. Polnt val-ues shown range from less than 10r00O gpd (gallons pera
24
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day) per foot of aqulfer near Peavine Mountain to nearly 100'000 gpd per

foot near the center of the Sl.lver Iake subarea. Because estfinates of

Gransmisslvity nade from speclfLc capacltles are sometLmes low, maxlmurn

transmisslvlty rnay exceed 1O0'OO0 gpd per foot. As prevlously mentloned,
,'. (,

transmisstvity ls the product of the average permeability and chickness.

Table 5 llsts estinates of the average permeabillty of water-bearlng

uaterlals described tn drlllerst logs. The most common water-bearlng

naterlal is described as sand. Estimated average permeabllities range from

about 12 to 360 gpd per square fooE; however, because speclflc capaclties

locally nay be affected by barrlers, the lower values probably are corres-

pondingly smal1.

A storage coefficient of 0.0003 nas computed frorn the ehort-term

puuplng test run on well 20/19-f5bbdc2. Thls value indicates Ehat response

to short-term punping ls arEesian. Over the long-tern, however, most

alluvlal deposLts drain slowly ln response co pumping, and the coefflclent

of storage usually will be nearly equal to the speclfic yield. Thus, in

any analysls of long-term cause and effect, relatlons, the valley-f111

resenrolr must be consldered as a water-table systern. Storage coefflclents

nay be approxlmated fron the speclftc-yteld values discussed ln the next

sectl.on.

Speclflc Yleld

The speclflc yteld of a deposlt rrlth respect to water ls the ratlo

of (1) the volume of water whLch, afcer belng saturatedl the deposlt w111

yleld by gravlty to (2) lts own volume, usually expressed as e percentege

(l{elnzer, L923, p. 26). Estlmates of averege speclflc yleld of the upper

50 feet of saturated deposits (nonpunplng r.rarer levels) sere nade from

descr&t1ons h dtlllets' logi. Deposlts descrlbed sere grouped lnto the
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flve general llthologic categorles llsted ln table 6. Speclflc-yle1d

values were assLgned to each category on the basls of values determlned

by Horrls and Johnson (1966) for siul.lar deposlts. Obsenratlons made by

the U.S. Geologlcal Survey whlle drllllng 27 snaU-dianeten test holes

Ln undeveloped part,s of che valley were used to supplernent lnforuatlon

:. ELgure 5 ehows the esrlnrated dlstrlbut.ion of speclftc yield ln Lenmon

Valley. Areas of lowest speclflc yleld are associated wl.th playa deposlte

ln the Silver Lake and dast Lerunon subareas. Welghted average speclflc

yleld of the valley ftll ls about 16 p'ercent ln the Silver lake subarea

end about 14 percent Ln the East Lenmon subarea.

Source, Occurrence, and Movenent of Ground Water

Vlrcually alL ground nater in the valley, except that recharged from

Lnported t ater, ls derlved from Lnflltratlon of preclpltatlon that falls

wlthln the drainage basln. llost deep lnflltratLon Ls fron runoff and

occurs on the upper slopes of the alluvlal apron; however, some deep

l-nflltratlon also occurs ln the mountains where percolatlng waCer moves

through bedrock fractures to the zone of saturatlon, then laterally to

the valley-flll reservolr. Durlng exceptlonally wet years, algnlflcant

rr,,ountg of molsture tnay also lnflltrate to the zone of saturatlon from

preclpltatlon oo the upper slopes of the alluvlal apron.

Ground sater occurs in saturated parts of the valley flll where lt

occuples lnterstlcLes present ln the granular clastlc deposlts and chemical

". preclpltates. It occurs under both water-table and arteglan condltlons.

llo t Arteetan condltlons occur where saturetd permeable deposlts ere over-

la1n by l,ess per:meable strata and where the water at the top of. the'aquifer

'."'28



0 fable O.-spectftc vtetas of

Llthologlc category
(ba.sed on drlllerst descriptlon)

Assl.gned
speclflc-yrefa value!/

(percent)

Sand, f1ne, medium, and coarse

Gravel; sand and gravel -.

Sand, gravel, and clay; gravel and clay;
cenented gravel

Sand and clay3 sandy clay, slltr mud, muck

Clay

i.. A.sslgued speciflc-yield values based on Morri-s and Johnson (1966) .

30

25

15
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ls greater than atmosPherLc pressure. Water-table conditlons exLst shere

the saturated dePoslts are not confined by Poorly Permeable strata end

pressure
shere the eacer/"t tn" top of the zone of saEuratlon, the water tabler ls

equal to atDospheric pressure. Figure 6 shows approxi-mate depths to sater

ln the fa1l of L97L.

- Artesian conditlons occur Ln secs. L, 2, 11, and I,2, T. 20 N' t

R. 18 8., and sec. 36, T.2L N., R. 18 E. Thls area contalns aeveral

sprlngs and seepage areas and some flowlng rrells' Arteslan condltlons

also occur at dePth ln the valley f111 where lentlcular deposlts of s|1C

and clay parElally conflne the water ln underlylng deposits.

Ground rrater Boves along the patts of least resisgance from areas of

hlgh hydraullc head to areas of los hydraulic head. 
_The 

rate of novenent

depends on che hydraullc gradlent and the Permeablllty and Porosity of

the uaterlal through which the water ls movlng. Typlcal rates probably

range from a f elt feet to several hundred feet per yc-l;r'

The lateral movenent of ground lrater ln the valley f111 generally ls

parallel to the slope of the rrater surface. A downward component of nov;-

Dent ocgurs ln areaa of recharge and an upward comPonent occurg ln areas

of punplng and evapotransplratlon. The slope of the rrater surface ls

showrr ln flgure 7 nhlch shows contours of approxl-mate springtlme water levels

for natural condltlons prlor to any extenslve wlthdrawal of ground water

bypunplngoranyfuoPorBaElonofrrater.CondltlonsforflgureTYere

reconstructed fron nater-level measurements nade ln L942 by the u's' Arny corps

of Englneers (table 25 at end of rePort), drlllersr reports of water

levele 1o ol,der wells (table 24 at end of report), and so'!e Present-day

sater levels shich are largely unaffected by developnent' These contoura

indlcate the general direction of ground-water Eovenent under natural

condltlons. The dlrection of moveEent ls perpendlcular to the contoura'

J-
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' Generally water Eoves from areas of recharge to areas of dlscharge
.'

- t"D the ceutral part of the valley. Thls pattern of flow ie conpllcaced
,!

.. ":, .-, . by fault barrlers (f 1g. 6). The prlnclpal effects of these barr{ers are

(1) to reatrl.ct flow betw..n th" subareae, and (2) to conpartnentallze

Parta'of the valley-flll reservolr in the Black Springs atee. These

.- effecta 8re evLdenced by offsets of lrater levele on the opposlte sldes of
t

: .. faults. The Eost pronounced offsec, about 100 feet, ls across the Airport
Fault. ::

ls sborm lniflgure 7. This probably is caused by the conbl.ned effectsxm fnlfl,gu_re 7.
.:.

i:.', ." : :of locsllzed recharge from streams whlch flow across the faults, ground-

_:: sater epLllover 1n topographlcallyy low areaa, and posslbly some subsurfaceo '.', '.: leakage. Ground-water Dovenent Ln thie part of the valley is conplex, but

. ' the contoura as dranrn suggest that there ls very llttle flow between

i , 
'- 

.''.' - . ' llater-level contours Ln Golden Valley indlcate. that water moves f rou

r . '. " the low borderlug mountalns toward the center of the valley and then north-

. .- t .: . ': ' .,'
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Ground water ln the central Area flows northrrestsard beneath areas
of evap6transpr'ratLon in the center of the valley. wat,er not consumed by

. evaPotranspiratLon flows to a ll.near ground-water sink {r'nedlately 
""rt 

I

of the Alrport Fault. Ground-water levels along the linear slnk are the
lowest in Lo"'mon valley. The aiea of rowest observed water levers ls
remote from pumping and the water-level cooflguration could not be explained
by the dlstrlbuElon of phreatophytes. Therefore, it is concluded tha.
ground rtater probably flows out of the area through fractured bedrock
adJacent to and east of the Alrport Fault. The dlrection of frow ls
probably to the north.

Ground-uater levels west of the Airport Fault are much higher than
sater levels east of the fault. Thus, the fault 1s belleved to act as a barrier
noveDent 1n the valley f111; however, fractured consolidated rocks adJacent
to the fault rnay act as a ground-water drain. rt lras not deternlned why

lndlcatl'ons of subsurface drainage lrere obserted only east of che fault.
Adequate hydraulic contr.nur.cy nay be developed onry arong the east side
of the fault.

Not showD Ln flgure 7 are indlcations of t,he vertical novenent, of
ground water' Three sets of palred wells (two adJacent wells of different
depths) were drllled to obtaln lnfornatlon on vertlcal oovement of water.
welle 2llL9-22bdab1-and-2' and 2Llil9-26cccdl and 2, ln phrearophyre areas(pt. r)
ln the central Are/, exhlblted dlfferentlal heads whlch lndicaced upuard

aoveBent of gaBer' under natural condltlons upward Eoveuent also occurred ,

Ln SLlver Lake subaree near wells 2LlLg_36addbl and 2. Thls natural gradlent
ts reversed dur'ng sr'rmer month' as a resulc of p,nping nearby uelrs
zLlLg-3lcccc2. The upward couponenE of Dovenent was noted in wells less'
than 150 feet deep. Houever, sater revels ln four deeper_ nelrs in the
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Sllver Lake subarea suggest downward leakage from the upper several hundred

feet of valley f111 to deeper valley-fill deposlts. The U.S. Arny Corps of

Englneers (1943, p. 9) reported that Ln L942 the sater level ln a shallorr

faru sell, about 150 feec from well Zl,ll9-Slccccl (total deprh 11170 feet

-end not perforated above 158 feet), was at an altitude about, L2 feet

higher than the rtater leve1 ln the deep well. Also, uater levels in we1ls

2l.lBg-Lilbada, 2llL9-18cbdd, and 21l19-19bacc (a11 three se1ls deeper rhan

80O feet and not perforaEed above 300 feet) are slgnificantly lower than

water-level contours drawrr using only nearby shallow sells.

A northward gradient is present from well 2llLg-LScbdd to veLL 2llL9-18bcba.

The absolute dlfference Ln alcitude Ls small, only abouE 2 feet, but was

confl.rued by lnstrumental leveling. (See water-level Eeasurements and
9e11s are ehowrt on pl. 1.

relattve land-surface altitudes lisced ln table 24 at the end of the reportJ)

Aleo, a northrdard gradlent exlsts from well 2lll8-24adac ro wells 2Lll8-24aabc

and 21/18-24aabd. Here the absolute mlnl.num difference ln water-level

altltudes Ls about 10 feeE whlch, even though not checked by Lnstrumental

lerrellngr probably ls slgnlflcant. These observations could be explalned

by poor hydraul.lc contlnuity between wells, <iiiferent perforated intervals,

or local affects of punping. However, the explanation that best flcs the

above-inferred downward Dovement of ground nater and locallzed northsard

hydraullc gradlent ls leakage lnto bedrock sinl.lar to that postulated adJacent

to the Al.rporc Fault ln East Lemon subarea. In thls case, however, there

1g insufflcient lnfornatlon to evaluate the posslblllty.
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a-' INFTOW TO THE VALLET-FILL RESERVOIR

Precl.pitatlon

Preclpltatl.on Ls the source of vlrtually all the water naturally

entering the hydrologlc systen Ln Lennon valley. of the precipltatron

that falle on the basln, part Ls dlrectly evaporated frorn vegetatlon or

the ground surface, f".a runs off as surface flowr. part Lnfiltrates to

shallow depths where lt replenl.shes soll noisture, and part eventually

lnflltrates to the zone of saturation where lt recharges the ground-yater

systeD. The total average annualtpreclpltatlon in Len-on Valley le about

5Or00O acre-feet (table 8, later in report).

- Surface Water

by D. O. Moore

General CondLtlons

Runoff ln Lemron Valley ls generated by high lntenslty preclpltatlon

or rapld snowmelt, and Ls more frequent and more lntense on the mountaln

blocks than on the lowlands. Minor atrounts of surface-water flow from

eprl.ngs occur locally in stream channels on the norBheastern flank of

Peavl.ne Mountain. One of the largest 6prlngs, ln the east half of sec. 2O,

T. 20 N., R. 19 E. (p1. 1), had a flow of 0.3 cfs (cubic feer per second)

ln August 1971. I
Occaslonal flow may occur locally on alluvlal fans and playa areaa.

Although thle. type of streanflow ls so erratlc ln frequency and duratlon

thst 1t ls dLfftcult to use dlrectly, lt nay provide slgniflcant recharge

to the ground*rater system. MosB runoff lnfllirates or ts lost by evapq

:transPtrrat1onas1tmovesdor,Trstrean.Dur1rrgperl'odsofexcept1ona1ly

hlgh lntenelty ralnfall or durlng perlods of rapld enowuelt, part of the

flon reachee the lowlands.

I
-r-
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Ruooff lncreases dounstrean wlchln the nountaln blocks and then.l
d1-r1r""'as lt crosses valley f ill af ter leavlng the Dounralns. 

.

", nt"qff has oot been recorded by gaging atatlons ln Lemon Valley;

horever, the characterlstlca of runoff are slullar to the Lnfrequent and

rhort-duratl'on flow at a nearby gaglng atatlon, Peavl.ne Creek near Reno,

Ner. Flors at th18 8tat,l.on are sr.@arized ln table 7. The relatlon
betveen flon volume and flow duratlon Ls varlable.. The short-term record.:
suggesta that most runoff occurs durlng the winter monthso

- 
- 

The anount of runoff.fron the mountalns cannot be computed dlrectly
because of the abseoce of streamflow data. Therefore, methods descrlbed

by Hoore (1968) rere used to estLmate runoff and are based on use of
altLtude-runoff relations, whLch are adJusted for 1ocal differeoces 1n

geology, precLpltatlon, vegetatlon, and land slopes. Theee estLmates ln
turn, are corroborated by use of a channel geoDetry-runoff relatl.on.

Est{'n^tes at aeveral sites wlthln Lc"r'non VaLLey were made by uslng channel-

SeoEetry Deasurements.

Bsllnated nean annual runoff ln Le"'-on Valley totals about 3r4OO

' Scre-feet Per year. Of thls toBal, about 2r2OO acre-feet is generaced ln
it.'Sllver Lake eubarea and about lr2OO acre-feet ia generated in the Eaet

' Lcmon gubarea. Areae contrlbutlng to runoff , Lts general dlstrlbut1on,
' end the estlmated average annual runoff are shorm ln figure 8. peavlne

Mountaio' the hlghest and uetBeat part of the area, generates the largeet

anount of runoff per unlt area of any runoff-produclng area in the valley.
About three-fourths of all the runoff ln the Eaat Lemon subarea la generated

on Peavine llountaln. In the Sllver Lake subarea, however, only abouc 60

Percent of the total runoff Ls generat,ed on Peavl.ne Hountalns. The ro--inder
la froo large areas of lower uult-runoff productlon at the oorth end of the
aubarea, as ehorm ln flgure g. 

3g

Estlnated Runoff

t'. l
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I

PlaYa Floodlng

Ihrrlng perlods of hlgh winter and sprlng runoff ln most years, Sllver

l-k" playa Ls flooded by surface{ater flow. Thls probably ls due nore to

proxLuLty to PeavLne Houotaln and the steep gradlents on the fan than to

ercesslvely large runoff. Averbge annual surface{rater runoff to Sllver

Lake playa ls estlnated to be 400 co 500 acre-feet per year on the basls

of geometry Eeasurements of channels whlch drain onto the playa. The

other playas are flooded very lnfrequently, and the average quantlty of

'etreanflow reaching them ls considered to be snall.

Ground-Water, Fecharge

In thls va11ey, as ln Dany other valleys ln the State, nuch of the

ground-nater recharge occurs on the alluvlal apron and ls derlved prlnclpally

from runoff generated ln the adJacent mountalns. Recharge also occurs ln

Bhe mountains and moves as underflow across the bedrock-alluvLal contact

to the valley-flll reservoir. Durlng wet years, addltlonal recharge Eay

be generated on the alluvial apron frorn hl.gh-lntensit,y precLpltation or

enorruelt.

may be estlmated as a percentage of the "u"t^""/
lnnual preclpltatlon wl.thln the basln (Eaktn and others, 1951, p. 79-81).

Eardoen (1965) demonstraced that ln gross aspect, the average annual preclp-

ltatlon ln Nevada ls related closely to Ehe altttude of the land surface

and that lt can be egtlmated with a reasonable degree of accuracy by

eeeLgnlng preclpltatLon rates to altltude zones. Thue, recharge nay be

cstlnated as a percentage of the preclpltatlon wlthtn each zone.

(r

Average annual recharge

--* 

*..-*--*--'*^-'l--4
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.' 
,,.,,:,-.. No t . ltre varlous nrecl1ltatlop,zones rrere approxlmated fron a 1965

'i

revl.slon'of the Nevada precl.pl.tacion mep (Hardman, 1936) end are eftlllar

to those used by Rush and Glancy (f967) ln theLr reconnaLssance study of

the area. Total estlmated recharge fron preclpltatlon wlthln the basln ls

about 1r50O acre-feet per year, or only about'3 percent of the total pre-
-..

cl.pltatlon. Thls lncludes about 11000 acre-feet per_ y€r ln the Sllver._

Lake subarea and about 500 acre-feet per year ln the East Lemmon subarea.

The annual estimate of recharge t,o Sllver Lake subarea may be souewhat

high, because durlng wet years some streanflow ls reJected as recharge and

flows onto Sllver Lake playa, as prevlously descrlbed. However, the amount

rejec.ted is ' snall and probably withln the lLntts of error lnherent

fn the crude Eethod of estfurating recharge.

ThLs estLnate of recharge for Lemmon Va1ley Ls about 20 percent less

than that nade by Rush and Glancy (1967). Different lnterpretatlons of

the preclpltatlon and recharge patterns can be expected to provLde corE€s-

pondtngly different estlmatea of reiharge.

'./

.,,..lhe estlnated everage an1u.a1 runoff of 3,400 acre-feet (flg. 8) for

the entlre valley ls sltghtly more than twlce the estlnated recharge fron

precipLtatl.on of about lr5OO acre-feet Per year. Thle ratlo betpeen.. 
.

recharge and runoff ls ln good agreement with results obtalned from other

areas la the State.

Subsurface Inflow

In order for intervalley flow to occur, two basic condlClons-must be

peti (1) a hydraullc'gradtent must exlEt between the two areas' and (2)

rccks aeperatlng the areas must be able to transnit wacer.. Potenqiat -.

bydraullc gradients to Lemon Valley from lwo adJacent valleys, Antelbpe
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i Valley arrd Cold Sprlng Valley, are recognl'zed on the basis of altitudes on

.Y:S. G-eologlcal Sunrey topograPhlc quadrangle rnaps and saeer-level data

rep,orted by Rgsh and Glancy (L967). Because of the hlgh degree of structural
..

deformation and resultant fracturLng, consolldated rocks between both valleys

and Lemrnon Valley probably are able to transmlt some water.
: ,ln the valleY f111

water levels/beneath the central part of Antelope Valley are about 2OO

- feet hlgher than water levels ln the East Leuuron subarea. However, Rush

' 
'and 

Glancy (f967, p. 42) lndicated that potentdal gradients from Antelope

:V"U"y also exlst toward Bedell Flat and Warm Sprlngs Valley to the north

- and Dortheast. They also reported that there was no observed evaPotran-

apiratton of ground wager in the valley; thus, all dlscharge must be by sub-

.' 8.rrface outflow. If the concluslon regardlng subsurface outflow from Lemon

-. Vallel Ls valLd, then subsurface outflow from Antelope Va1ley probably does

Dot. draln to Lemmon ValleY.
.. l1ater levels beneath the playa ln Cold Sprlng Valley are about 60 feet

.. bigt"t than ground-water levels beneath Sl1ver Lake. Flgure 2 shotrs several

' faults ln the bedrock between the two valleys. One has a northwest orlen-

.' tatLon and term1nat,es at the edge of the alluvl'um in the southwest corner

- "r 
eec. 36, T. 21 N., R. 18 8., adJacent to a small sprlng and several

flortng wells (pl. 1). Rush and Glancy (1967, p. af) estlurated that rratural

'ground-water recharge to Cold Sprlng Valley exceeded the observed evapotran-

- .. splratlon by about 770 acre-feeE per year. ltrerefore, ground rrater ls

potentlally avallable to supply ouEflow from the valley. Hosever, dl'scharge

froa the sprlng and flowlng wells adJacent to the fault are small. Thus,

r1thoughsomesubsurfacelnf1owfromCo1dSpringVa11ey1sposslb1e'the
' (lf anY)

quantliy/protably is gnall and ls belleved to have ltttle affect on the

giound-mter reglmen of Lennon Valley.
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ilATItRAL OUIFLOW 
:

I{atural outflos frora the valley-f111 reservolr occurs by evapotran-

.rplratlon Ln areas of shallor ground water and by subsurface outflow.from

Lettt-on Valley to other areas.

Evapo transD ira t ion

Natural discharge- of 'ground ltat,er occurs where the water level Ln the

valley f111 ls. at shallow depth. Natural dlscharge Ls accompllshed prln-
clpally ln two ways: (1) by evapotransplratlon ln areas,of phreatophytes;

and (2) by dlrect evaPoration from bare soil or where the capillary fringe
extende to or near the land surface.

Plate 1 shows the dletributlon of phreatophytes in the summer of, L97L.
'Eovever, waBer has been furported to Lemron Valley and used at the Stead

Faclllty sl'nce the early 1940ts, whlch has resulted ln addltlonal ground

eater betng aval'lable for evapotranspiration near Stead. Conseguently,

soue arees of vegetation napped durlng thls scudy are nore dense and contain

plants rrhlch use trtore ground water than the former natural assemblage.

These areaa are lndlcated on plate l.

Estlmates of the natural evapotransplratlon of ground wacer are glven

ln' table 9. Where the vegetatlon has been affected by lnported water,

couposltlon of the natural pLanc assenblage was estinaLed on the basls of
adJacent areaa not.effected thereby and on erater-level contoura for natural
condltlons ehoun ln flgure 7. Estlnates of evapotransplratlon are based on

ratea of consumPtlon of ground nater as descrlbed by Lee (1912), Wtrlte (1932),

Houeton (1950), and Roblnson (f965). Estimated total evapocranspirarLon ls
about the same as estlnared by Rush and Glancy (1967).

-r'

45



o
Table g .-Sstfr"t"d """p"tt

(natural conditlons)

Depth to
uater

Evapotranspiration
Area (acre-feet (acre-

Sllver Lake glayd/
Other pLayas-z-t
Greasewood and rabbltbrush

S4ver Lgke Subarea

o-5
5-10

medium 10-35

5-15

East Lenmon Subarea

er year) feet

a 0.5
.1-
.2

.5

L.2
I.2

430r
LTOV
870"

230{

130 r'

6O r'

220
L7

170

LzA

160
72

to lon
Greasewood and rabbltbrush2/mediuu
Grass and sprl.ng-supported

vegetation
near Sllver Lake playa
south of Hlghway 395

Subtotal (rounded)

0-5
0-5

l,9oo 760

trace snall
.2 400

-v
PLayJl
Greasewood and rabbltb rusd./ue<Iium

to lqr
Channel-bo ttom veget atlonl/

15-35 t360/
10-40 2,OOO/

0-15 40gr:ras, wtllors,
rabbltbrush

Subtotal (rounded)

nedlum
to hlgh

20

2,900 420

Total (rounded) 4,800 1,200

1.
2.

Covered by water durlng part of some years.
Assenblage contains locall.zed areas where natural evapotranspiratlon
hag been effected by fiaported water, and evapotransplratlon rates in
1971 are slgnlficantly htgher than the estLnated natural rates shown

. ln thls table.
8, Evaporatlon of ground water only
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An attenpt to measure the. rate of.unwarf leakage beneath two selecced 
.

areas of phreatophytes by deterutnlng temperature gradlent,s was nade'by . . ,

ltlchael Sorey of the U.S. Ceologlcal Survey during :,riy tg7L. Snal1 af"r"t"r

sells 2LlLg-zzbbabl and 2LlL8-36eddb1, each 150 feet deep, were drLlled ln

June 1971. Well 2Llh8-36addbl was drtlled Just north of Sliver Lake 1n an

area of low, stabi lIzed, sand dunes covered by a vlgorous stand of greasewood

and some eparse salcgrass; depth to water was about 11 feet. t;[eLL ZLllJ9-Z2bbabL

sas drllled north of the East Lemon subarea playa in a healthy stand of

greaaewood and rabbLtbrush; depth to water was about 20 feet. Temperature 
:

proflles measured ln July were analyzed uslng a technlgue developed by Sorey
near

(f971). The vertical flow of water veLL 2LlL8-36addbl had apparently

been effected by nearby weLL 2LlL9-31cccc2, which was being punped co

lrrlgate the Washoe CounEy golf course, and a sllght dormward movement of

watergasl.ndlcaEed.Avertica1upwardf1owof0.85acre-footPeracrg

per year was obtalned from the data ln well 2lll9-22bbab1. The vlgorous

and healthy scand of rabbltbrush and greasewood near the well suggests

thls rate ls probably near the maxfunum for greaseerood and rabbltbrush ln
. .:

the East Lenrnon subarea for growl.ng-season conditlons. Consequently, the

average rate shown ln table 9 ls signlflcantly less.

Use of temperature gradlents to estLmate upward leakage to phreatophytes

ls a promlslng technlque. A practical appllcatlon of the cheory has been

developed by Sorey (1971); however, fleld technlques regardlng well con-

structlon, slte selection, sanpllng densltles, and other factors must be

Loproved before thls nethod can be utillzed sith full confidence.
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Comparatlvely llttle ls known about. the rate at whlch ground sater ls
. t.' .'.:

-'..-' 1...!vaporated fron playa surfaces. An esEtnated average rate of 0,5 foot per
:,

-:-. .-.'. yerr lc ueed for Sl.lver Lake and 0.1 foot per year ls used for other playa
',;t' ---'. gurfaces tn ihe SLlver Lake subarea. These are rates whlch have been used

;

1,,. '. {,n. the study of sfullar ereas of the State. Depth to water rn the East

;'j:t.i:.Lemon subarea glaya exceeded 15 feet under natural condltions, aud ground-
.i

._,. ..i. uater evaporatlon ls congidered to be snall.'-'" i'.
:;- ' : :'. . Subsurface Outf log

' l.:..'.'..

':- :--i.,i"' -- .tt'ho/qrrhcrrrfoaa arrlFl^,' -trr- rL^ ^--L -!,'-,.1--j''i.'r ,''...'Thelsubsurface outflow along the east slde of the Airporc pault In.". .;;...=.;.;;''' -

" : , " the East Len"-on subarea under natural condltlons can be est{rnated directly-4 '...-.
' ' :. : 't.','- -

-, ,l'.-. .',,fron s.ater-level contours shown ln f igure 7 and transmisslvity values
-.; .-'-' . .abora ln f{gure 4. A slnple flow net, was constructed, and flow toward the
\..'il

- rilrere $ ls quantlty of flow ln acre-feet per year; O.0OI12 is a consrautJw5' v.

:'rl 
t..'to converc gallons per day to acre-feet per year; T is estlmaged trans'nis-

.l^, 1., rlvlty, ln gallons per day per foot; I ls hydraullc gradlenE, in feet per
': -' .'

-" . 
' 

, q{le; aud ! ls rrldch of flow sectlon, Ln nlles. A transnlssivlcy of 51000

.'--,i.. gFil Per foot was used for flow,sections (total width, l.G nlles; averageI
*.-': 'tradlenc, 15 feec per nlle) adJacent to the fault. Al1 other flow sectLons

(total vldth, 1.45 nlles; average gradlent, 34 feet per ntle) crossed the
'. 

,. .1 Playa, aqd a transmlsslvlty of 21000 gpd per foot was used for less perme-
-, :
r . eble playa deposlts. By substltutLng these values in the above equaBLon,

' 
. total couputed flow toward the Airport Fault nas estLuated to be abouc 250

-. acrefeet per year. Evapotransplratlon from abouE 200 ecres of greasewood

rloag the sest sl.de of the playa is about 40 acre-feet per year. Thus, as

cooputed by the flow-net analysls for natural coadltlons. about 200 acre-

feet per year flowed into the elnk along 
.the 

wesc side of the A1rport Fault.
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r.-''"'- I 'i - 
-':''l'l'-.

j,.:,.:,,'--;,,....;._.i'.1 lleter-lerrel concours on plate l lndlcate the dlrection of flov ln the
' -; -,)'; :' .' ,-i. j.-'. 'r . .. - 

- i .-

,.',-'..-.-,,*'*"'.yrlley'frrl but'do not lndlcate the dl.rection'of flow ln bedrock along the
i ';.--. '.:.':"-:-'
r: t.l-' j:-; r ll,near sl,alc aree. Any nearby atea, where a potential gradient exlsts frou
i -.: ' ,.. : ... ': . :...-..-.' , . ..

,.-,,_-,--.,;r,-:.*"af.1non erlbarea ls a posslble reclplent of any subsurface outflow from

1 ."r:.= . j' 'tnr 
""il"y. Iiowerrer, the reglonal geologlc structure associated wlth thef - t.li ,. ..' .*:. -.' '"'- . - .

i .'..-'...:i-.. I$ker i.ane firult zone atrongly suggests that the outflorr from Lernqron
| '._- 1'j -. '.

t 'j .'.."- " --:1-..

i:;i',,::..::'.:-:Yelley probably, le novlng generally northward through hlghly fractured
i i ;'.'-.'^-t.-'t',': ,.- ,'
[: "..: ,.-- ..',..coneolldated rock^e to one or more valleys north of the area havlng lower
! '. r, .. ;'--:i,1. i, ,

i-,.- 'i:,:': '.rater-lervel altltudee. Tbese areas are lncluded on the nap prepared byI '". '''
t.; -: -

!;i--. :t,'.: :'; Buqh asd Glancy (L967, pl. 1) and prellnlnary ground-water budgets prepared
".,17.i'' 

: "i '-.i, '. -'. : ..t.. -: -.','. -

f. ,if,'.:- rtn that study suggest that sone lntervalley ground{rater flownay occur.
t-.. . , ..
.i:r ''...''
i '-' -.l-.^_i-' . fi'---^---- r-^---- ' Lt' -e ,Lt i --- rri,..'.'':.'*- .Eosever, deterulnatlon of thle complex flow system could not, be resolvedI
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o ,GROI'ND-WATERBUDGEf,FORNATI'RALCONDITIONS

over the long term and for natural condltlons inflow to and outflow

frm an area are equal. Accordl-ngly, " water budget for natural condltions

expresaes the quantlty of ltater flowlng ln a hydrologlc system under

equlllbrtum conditions. A water budget generally ls designed to bring

toqether and compare the several estLmates of inflow and outflow and to

ascertain the magnitude of error ln the estlmates. A budget that balances

reasonably well also Lends confLdence to the rellability of the indlvldual

elemenEs of lnflow and outflow; the gross quantitles in turn are depended

upon by those concerned wlth water development and managemenE.

Table 10 ls a ground-water budget which lists estlnates of recharge

to and dlscharge frorn the valley-flll reservolr under natural conditions'

The budgets for both subareas and the total for Lernmon Valley show

lmbalances of between 5 and 20 Percent of lnflow and outflow values' The

largest lmbalance, 20 percent, ls for Silver Lake subarea. As prevl'ously

mentioned, the estlmated recharge uray be hlgh (p. /4) ana subsurface out-

flow nay be low (p.3L). In additlon, irnbalances in general are due

prlnclpally to the crude methods available to estlmate most elements of

lnflow and outflow. Because a slngle value is needed to rePresent both

inflow and outflow for computations of the available supply, rounded values

nere selected and are shown ln table 1O'
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.Teble f0.

&rdget lten
Sllver Eaet Total for
Lake t ennngn LemOn

Recharge from'preclpitatlon (table V)
Posslble lnflow fron Cola Sprlng I'

Valley (p. lr')
Net lnflos from Sllver Lake subarea

(p. j{ )

(1)

1,000

mlnor

500r 1'500

0 ulnor

ulnor

Iotal (rounded)

TIATT'RAL OUTFLOI{

subarea

l,OOO

7.60

rlnor
(a) 

.

500 n 1'5OO

42O - 1,200

'2OO \- 2O0

Evapotranspiratlon (table 9)
Net outflos fron Sllver Lake

(p.34 )
Subeurface outflow (g.4r' )

Total (rounded)

IMB4U\N.CE (rounded) (1) - (2)

(2) 760

200

620 1,4OO

-100 100

Values selected to represent
both lnflow and outflow 900 500 1,4OO

8. Excludes poeelble subsurface outflow through fractured consolldated
rockg.

.l

-r
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. SEEiICAL QUALITY OF WATER

Partlal or detalled analyses of lrater samples fron 23 wells and 1

spr{ng sere made during the course of thls study to evaluate the quallty
of ground water as of 197f. These analyses are llsted in tables 12 and

13 along wlth 46 orher analyses nade prior to this srudy. speclflc-

couductance determinations were rnade for 38 water samples from U.S. Geologlcal

Survey test wel1s and selected hydrologlc poLnts. These values are llsted
ln table 14-

Variatlons in Water gualLrv

For purposes of this report, rraters are classified on the basis of

theLr predominant anion and catlon. Calcium bl.carbonate and sodium bl.car-

bonate are the prLncipal l;ater types in the area. Detailed analyses of

sater beneath the playas were not made, but in other areas these waEers

are t)apically sodiun chlorlde and sodium sulfate Eypes

Ihe chemical quality of ltater changes as the water moves from areas

of recharge near the mountalns to areas of ground-water discharge near the

center of the valley. -: ReadllY

dlscernable changes do not occur untll the water reaches dlscharge areas.

Evapotransplratlon causes resldual salt to be concentrated ln the dlscharge

areas. Thls ls lllustrated by flgure 9, whlch shows variatlons of dlssolved-

soll.ds content of nater samples in Lemmon Valley. Llmlted data from pai.red

rells (a shallow well drllled next to a deeper one) lndicate thar benearh

playas the quallty of uater inproves with depth. For example, the estlnaged

dlssolved-solids conrenr of sarer fron well 2JIL}-36addb2 (13.5 feet deep)

la about ll'000 ng/l (uilligrans per llter), whereas the estfurated dlssolved-

eoll.ds content of water frorn well 21/18-36addbl (150 feer deep and about l0
feet fron the shallow uell) ls only abour 1,600 ns/I. owlng ro lack of
control polnts, the verEt-cal exteut of naturally salty sater beneath the
playas rras not dellneated Ln chls study.
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l:,'l'.,, l,'1,1,',. ,'

'a

,'H;il:
(Na) r.nii ox . i for lrfrrirro4./. _

r. , ; -' r.rr o,E3 o.r3 rlii .o,ii o.oi :lii "t t'4 r'u ro. rd.
' .''. . -ft..J., .r.tt &rl-tt ,- 52. tl,O t! 4 tE rU r4 2 t2 2r,

.i, ...1 l. : . .,.-j 1.r5 o.re 0,76 r.d2 . o,il .,ol ..li 2rr r.8 'rd r.r, ..t.
t' , i : -raa.g .ptr"j a- 6-rl - - 2a t .r2 .roe !r I s6 222 ,.! to. r.2o 0.16 o.5i ,,7e . o,il o.oi ,.i: 222 t.! rd rd !...

'..",:! . Setr94,4u ' ,.rty u-u-6e --..- 2s L3 15 r32 ?\.-|.z t?1 _ t,1 rs br ..r.
..i,.:. . , :t,

i,,l!,. n.,: (6) '!-u-?r 6r .16.0 
, 2( , ll _":: .rgl . . :? ^ ^l -rli r?0 r.i. rd td .rr.

2.34 0.42 0.17 2,nO
. (t a) .lt-r6-10 Zl \j 21 1t9 2? l r)O * .1.9 .rd ..r.. ; ' I 1.35 t,07 1.00 2.44 0,56 0.23 2.{O

... : .. , (a) ., !-rr-7! 6! lr.O 24 14 2J rz7 , {t I Lt6 ,2A t.7 la loe .af.l.2o l.r2 o.r9 2.oB " o.s5 o.2r 2.J2

t.t5 l;!l l.rl 2.aB .1,83 o.zl 3.16" j'. , -.{6l,Jg y.tt u-rr-69 - -- 2r t2 6 ,5 - ll - lg r?0 _- t.6 ror, ..i.
.- " ; :. :. . (t 5) U-r6-to -- . -- !2 15 $ t5r ?! e r4o -- 7., to td ..!.
. r. 1.60 t,2t.. 0.ro 2,4A 0.58 0.25. 2.S0

' , (t 6) l-15-?0 . - - , ?? 2t 23 21s l7 ll 2m _ 7.7 ld ro! x!.l:60 2.!B l.O0 1.r7 0.15, 0.42 {.00..'' , (5 5) U-rs-70 ' - - . tt 32 tL Z5t ZL 21 224 _ ,.5 ld ..r.. l.a5 2,63 l.r, r.ii o.{4 0.59 4.4s
' ' ' .uc.&L!/ 

'.lr 
.i2- a-ro -- - !s !4 22 116 r, lr r5l _- ,,6 le ..rei . .; l!90 t.r5 o,t6 i.s! o,3i o.{8 !.04

. . .Ualddv brl s-ll- 6t .16.0 a9 it 22 241 55 26 249 . 512 7,E tw l@ irr.2,t4 2.53 o,gt a.oo . t,tl o.lr d.98
'lt t.g r.l! a-tl-tt 62 16.5 

't 
Xt !4 216 20, 2rO 69! 

'.9 
lN rd |it.':. t,sa 2,25 t.4r r.ir .l.rz o.lo 5.?9

. . .lllldcla:' sll 6-!!-tl 24 lo 2! .. lr2 a5 4 loo _ ?.a td lr ..r.1.20 0.82 1,00 I.8{ , 0.96 o,tl 2,oo

. ., . 'l5bc'!.-!y' e.11.. r-26-7r l - - ll - .9 :E rs5 60 g 16 8.3 lou roe raf e. t.ot 0.a9 2,52 2.5( t.?5 0.2' 1.52. i.'.. .l5lcdolI hu tr- r-6t - - -:? -19 --l r2s . {8 5 r72 _ ,.1 rd tw ..!.' 2.64 0.so o.Il 2.rl l.oo o.l7 3,44
' ''16b'db vcll 7'25-66 43 ?2 34 zo7 j6 30 Lg| 4gg 8.0 lou rog gafe2.15 1.79 1.47 3.39 , t. l7 0.85 3.94- . 
: ," . .. z.tt t,tg t.a, 3.!' 1.1' 0.85 !.9{

'' ' ,r&r'..'!/ u.' 6-16F66 - - -ra 9 66 zo5 34 2t 95 - g.t rd ld rett.bl.
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I
I Suitabilltv for Use

On the basls of the data in tables 12 and 13, virtually all water

samples, except some from shallow wel1s on or near the playas, were of

eultable chenLcal quality for lrrlgatlon and domestlc purposes. One

erceptlon ls water from deep veLL 2LlL9-31cccc1, whlch has a notlceable

hydrogen-sulfide smell and required treatment before it was used as a
Force

supply aE Stead Alr/Base prior to the tLme that water was lmported to the

valley. For uore speqLflc infornacion regardlng the suitablllty of water

for use, the reader is referred to the following publlshed references:

Trrpe of use Reference

Agrlcultural Federal Water Pollutlon Control

o

Most water withdrawn for use ln Lennnon Valley ls for donestlc purposes.

The U.S. Publl.c Health Servlce drlnkLng rrater standards, whlch are generally

accepted as standards for publlc supplles' are llsted below as they aPPly

to data ln tables 12 and 13:

Recomended maxlnum
concentratl.on

(urllltgrans per llt_er)

Iron (Fe) 0.3

Adulnlstratlon (1968)

McKee and Wolf (f953

U.S. Sallnlty Laboratory (1954)

U.S. Publlc HeaLth Service (Lg62)Domestlc

Constltuent

Sulfate (SOA)

Chlorlde (C1)

Fluorlde (F)

Nltrate (UO:)

Arsenlc (As)

Total dl.seolved sollds

250

230

a 0.9
.l)

0.0r
500

a. The opLLnup concentratlon for average. annual maxtnum
' dally tenperacure of, 64-7L degrees.
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These are only recom'nended ltnits, and rrater, thereforer p:ry be acceptable

to Dany users deepl.te concentratlons exceeding the given values.

Amorr8 the llsted constltuentsr excesslve iron causes statnlng of
porcelal'n flxtures and clothes, large 'nounts of chlorlde and dissolved

eollds Lnpart an unpleasant taste, and sulfate can have a laxatlve effect
on Persons who are drlnklng a water for the flrst time. Excesslve fluorlde
teuds to staln teethr especlally of chl.ldren, and large aoounts of nitrate
are dangerous for lnfants and pregnant women because of the posslblllty of

I
I

I

I

I

I

'i

tblue-babytt disease.
' The hardness of a water is Lmportant

the U.S. Geologl.cal Survey has adopted the
I - Eardness range

(nllllgraurs per llter)
(F60

to many douestlc users. Therefore,

following rating3

61-120

121-180

Hore than 180

Rating and remarks
Soft (sultable for most uses nlthout

artlflclal softening)

Hoderately hard (usable except ln
soue lndustrlal appllcations;' softenlng profltable for laundrles)

Hard (softening required by laundrles
and soue other lndustrles)

Very hard (softening deslrable for
noat purposes)

The bacterlologlcal quallty of drinklng water also is important but

1g outsl.de the sc6pe of thls reporr any doubt exlsts regardLng the

acibptablllty of e drinkl.ng-water supply, contabt the Nevada Brrreau of
Envlronnental HealEh, Carson Clty, Nev.

jo
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;".-'..^ -.-: i... - ' ..'- '-. : '.iri.;'j;,-.;",.Uqhg fnported vater.. In 6T1y 1965 the.Raleigh Eelghta subdlvtelon sas
i.i:.r-.'l.i,.'..t1...-:-
i,;1,:','r,::- 'i"-.o*teted aad aleo began recelvlng Loported water. As of 1971, one addl:

be'eo Lnported to. Lema Val1ey froo Truckee Headona elnce

.944-' Prtoi to 1966, the Stead Faclllty wae the.only areh ln the valley
-...*.,':.:.,.-.....,

,'-=;Teble 15 1lsta tbe avallable lnfornatlon on nater Luported to Lemoni:';':.-. ''-'::'-. '-'rebIe 15 1lsta the avallable lnfornatlon on water Lnported to Lemon
1:-; ;1':,.,,' i:i:r' t'-.---.1- -. -. -

';':r2', :-,,: ui.. - ..'.
'j.1,r'.l,:...-..i'--','.'.:.,..''-..'}.iii;ijtl,:l-: ;r"tf becluee the dev-elopment was new and not all el.tes had been leased by " 

'''
i ql' .'t'

ri,.;--i:-.,:.r.".i.i,-'.'- -.; . ' : ..,'' . :

.i,,'-,.::.;'':''1956.'.There was'uo'.n111tary dependent-fanlly houelng ln uge durlirg thl.s .

iii..<:;..,.,..'.:,...|.;..,..'....,,..'.i-..-i.-

',;r l,':j -.-.- .."' , ).

i-i,l.}:*''.:..re11e'..Moreover,thebaeewasshutdownforaehortper!9ddur1ngthe
-i.,.' .r-':'.; ;,'.';-t '. -' i, .'. . 'l:' -: ''.".:'
l.r'--,1r,., '/.ji,I950'9. .'These factors sqgest that the average quantl.ty of sater lmported '.

fi ,i' .:,: :r.r;' . ' '.' - -y \ -t .':. r:r ' 
i-

ga.:'a;i':.-.'.'..durlng !'tds_perl.od vae cooparatlvely low, possLbly aversglng about'3O0
I-. ."j*. ...-. . 1 .. 

l[.I;.j..:,- .- i'-r: . :.:' ' ',-.'',

f ,,11ii:-.. ,ccre-feet per year. orrer tllre 2T-year perlod L944-7L, an eatLmated 151000

7-'.'i',--".'...,.:',:.pergone-llvlng Fhere, ayerage per caplta Lnportatlon for'the year ls about
[1 t, .'.r.'_-: ? -.-

i.i..i-i.- r .:' .'. :".

ii;.,,_-;j.'.-.;,;"..280 gpd. Aq eettnate of the water uaed wlthln houeeholds rt Stead uay be .. . .

t,i..':,,i-.-'',:..,^,''..-,':..j'.......'[:' .- .' .". 
" 

",': - -.

Yi:;i: j.:':obdafa,id !y exantalug the aeasonal dlctrlbutloo of the Lnported yacer. . , .

3.'.: " "".-' ,. i'. '_4 .',.'., .

fi.:;:.i-' -'' l'l'F{guie 10 ehone geasonel dietrlbutloo of Lnported uater and flos through

be sener plaot for parte of 1969, 1970, and 1971. Durlng wlnter pontha . 
'

.':
ort of the uater tnported lc dlscharged through ttre aerer ptant eoA



Table fs.-Water fnportea to le o

Flow Chrough sewer plant
Year ftnported

(acre-feet) (acre-feet)
(percentage
of lsrport)

L944-L955. 1956
L957
1958
1959

1960
1961
L962
1963
L964

1965
L966
L967
1968
1969

1970
L97L

a 3,300
260

, 290
500
940

1,080
1,060
1r130
1,140
1r280

1,110
510
220

- 500
710

860
.b 420

-
42

37
38
33
33
20

400
400
370
380
260

390

440

37L

40

43

Total a 151000

e.
b.

Estlmated; records not available.
Plrst 7 months.

*t
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O
l

I

probably ls a falr estiraate of the uater actually used for Ln-house

Purposes. Per caPlta use durlng the perl.od November 1970 through March

1971 was couputed to be about r40 gpd. Because of Bhe included Lndustrlal
'use' Bhe actual ln-house use rtas somerrhat loser. Table 16 lists estlm:rt,es

of the dfsposltlon of lnported water at stead under 1971 conditlons.
I{ater has been lmported to Raleigh Heights slnce l9G6 to serve about

700 persons llvlng ln Lemnon Valley. warer is not metered and there is
uo Lndustrial use ln the developmenB. uslng a per capita rate of 200 gpd,

somelthac less than that at stead, about 15o acre-feet per year is lmported

lnto Le"r"non valley. Howeverr part of thLs water is exported back to the
Truckee Meadows as sertage. As showu ln table 16, an gsg{nrlgd 4o percent
of the water turported to stead flows through the stead sewer plant (rg7r
condLtlons). If the same return Ls assumed at Ratelgh Helghts, about 60

acre-feet Per year I's exported as sewage. The remainlng 90 acre-feet per

year is Partly consumed by lawn evapotransplration and part lnfiltrates Eo

recharge ground water. Based on the est{nrates in table 15, recharge from
{nported water Ln Ralelgh Helghts uay be about 30 acre-feet per year. rJ_
only the net lmPorced water to the valley ls consLdered, then about 630

;;;ir" been inported ro rhe Rarer.gh Herghrs area srnce 1966.

\\
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\' 6te
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I
1

fable lG.--Estlnated dispostt

at Stead Facillty. 1971 condltlong

a. Dleposltlon in Percent . ..,

Inflos - 100 Percent

Flow to sener plant - 40 percent of lnflos (table 15)

Evapotransplratlon of effluent = 60 percetrt flow

to sewer plant , or 24 percent of inflow

Becharge from effluent - 40 percent of effluent,,

or 16 percent of lnflon

Ldrn lrrlgatlon - 60 Percent of Lnflow

Evapotransplraqlon of larrn water = two-thlrds of

lanu lrrlgatlon, or 40 percent of lnflow -

Recharge from lawn water - one-third of lawn

lrrlgatlon, or 20 percent. of lnflcn

Tot,al secondary rechargeU - 36 Percent of lnflow

b. Disposltlon by subareas, ln acre-feet Per year, 1971 condltions

Item Sllver Lake subarea East l.emon subarea

Inflow
- 

Flow

Lswn

500

a 200

300

400

160Bo sener plant

Evapotransplratlon of
effluent

Recharge frm
effluent

irrlgatlon

220

140

240

160

80

Evapotranspl.ratlon of 200lawn wate

Secharge from lawn 
IOOsSEer

total eecondary rechargql/ lO0 220

i
I.;

io'i (

i
a-

i

! l.
il.

lecharge derlved from nants sctlvitles Is
rectrarle to dlstlnguish lt fron "prinary"

,4.

herela tenned eecondarY
or natural r-elhat8:. 

- .Flors to East Lelniaon subarea.

&
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parc B of table 17 llsts the varlous categorles of use ln 1971 and

also lndlcates the dLstilbutlon of pumpage. Water wlthdrasrr ls the gross

prDpege; the anount consumed ls called.the net PuEPage. The dlfference

between the two ls considered to be returned to the ground+ater systen.

tflthdrawal in the Easi t eunon subarea ls about twl.ce that Ln Silver Lake

eubarea; however, consumption 1n both areas ls about the same. This la

due prlnarily to the comparatlvely hlgh consumPtlve-use rate of water

pumped to lrrlgate the tJashoe County Golf Course'

6'
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ETFECTS OF DEVELOPMENT

. Nonequillbrlttm Conditlons

PrlortodeveloPment''aground-watersystem,overthelongteru,ls

in a state of dynanlc equillbrlusr: Recharge equals dlscharge, and the
over perlods of several Years

quantlty of watet ln storage remaLns constant/. Development creates an

Lnbalance in the syste6. rn the case of punplng' total dlscharge (natural

dlscharge plus net, punpage) exceeds the recharge. conseguently, water le

pumped from storage and.water levels decllne untLl natural dlscharge ls

reduced sufflclently to brlng the systen to a nelt equlllbrlum, where recharge

equals a reduced natural dlscharge (sornetimes to zero) plus net PumPage.

If net pumpage exceeds the predevelopment natural dLscharge' waEer levels

slll decllne lndeflnltely, and a new equilibriun w111 never be reached'

.fn the case of i.urported waEer, the opposlte sltuatlon occurs' An lnbalance

ls caused by Lncreased recharger water ls added to storage and water levels

rl.se until natural ground-water discharge is lncreased sufficiently to

brlng the system to a new equlllbrlum. Flnalll, Lf both puurplng and

lnportatlon occur, as in Leumon Valleyr no new equlllbrium ls possLble

untll natural recharge augmented by recharge from funported water equals a

Dew natural dl.scharge (nay be more, less, or egual to the old natural

dlscharge) Plus net PunPage'

l{ater-Level Changes

lfater-level changes due to development are of two general types: (1)

seasonal, or short-term, fluctuatlong caused by cycllc varLaclons ln rtater

use, and (2) long-term clung,es assoclaced wlth peruranent changes 1o ground-

sater sEorage as the system adJusts toward a new equlllbrlun'o
;tr
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, Short-Tero Changes

fhe uost coEnon short-term changes are seaaonal fluctuatLons due to

. largc au@er prlnplng. Hlghest water levels generally occur in the sprlng,
aod the lowest Yater leveli ln the late summer. In areas developed by

ladlvldual domeatlc welle or snall publlc-supply wells, the uagnitude of
tthe flucCuatlons probably has ranged frou several feet to posslbly as much

es 3O feet- In the vlclnLty of heavlly punped large-capacity welle, much

Iarger drawdorms and recoverles occurred. Sprlng and fall nater-level

.Eeasurenente in well z0ll9-3bbba (table 24) tndlcate that water levels near

rells z0.lLg-3bcirb and z}lLg-4ddac fluctuated tn €xKcess of 80 feer. Water-

level neasurenents 1o wells 2LlL9-3Lccccl and 2Ill9-3Lcccc2 suggest seasonal

fluctuatl'ons of sLnllar nagnltude near these tso we1ls. Fluctuatlons of

thLs Eagnltude probably are due to comblned effecta of hydraullc barrlere,
los transmlsslvity, and large-scale punping.

. IE[rorted water also has affected seasonal water-level fluctuatlons

adJaceat to the Stead Faclllty. Sumer lawn waterl.ng has resulted in the

ground-trater reaervolr belng locally recharged. Conseguently, annual hlgh

uater lenele Ln these areas occur during the late sunmer, and the anoual

loss durlng late wlnter or early spring. Thls 1s converse to the fluctuatlons

c:(perlenced under natural condltlous.

_. Iang-Teru Changes

Ae of 1971r ao dlscernlbl" wldespread decllne ln water levele had

occurred ln Leooon.Valley due tci long-teru puoping. Thls probably ie due

to'cobl'ned affecte of (f) a couparatlvely low consurytlon of punped nater,
es lndlcated fu table 173 (2) a hlgh percentage of recl.rculated water, plus

the rldespread use of eeptic tanks; (3) a broad areal dlstrlbutlon of

PlaPr"g; and (4) above'average preclpltatl'on end recherge durlng eeveral

69
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years prlor Eo thls study. Hovever, local declines due to pumplng were

noted ln four ereas. The areas are lndicated in figure 11, whlch shons

the approxlmate net chaoge ln water levels betseen natural condltlons

(fig. 7) and spring 1971 (frg . LZ) '|

Decllnes near wells 2LlL9-3lccccl and 2Lll9-3lcccc2 are the resulr

of at least 10 years of punping water to lrrigate the adJacent golf course.

Ttre extent of the decllne ls not knorn, because no deep wells nere near

enough to monltor areal effects of pumplng. Figure ll also indlcates

water-level rlses beneath the area of the golf course which probably are

due to return flow frm the pumped irrigation water.

The decllne ln the vlcinlty of Black Springs is due prrnrarily to

years of sustalned purnpl.ng; however, the extent of the decline is conpllcated

by the fault barriers. Although data are insufficient to determine the

uagnltude of decllne, llnlted infor-rtLon collected during the course of

thle etudy suggests that decllnes ln chis area have been comparatlvely

enall.

. Slgnlflcanc local declines were noted in the sest half of sec. 15,

T. 20 N. ' R. 19 E. Data ln table 24 suggest that water levels in thls
area, are decllnlng at rates of 4 to 5 feet per year. The uost probable

reason for thls le that sater punped for a trailer court ln the area of

nartnum decllne ls not returned to ground water locally, bur ls plped north-

sErd bendath U.S. Hlghway 395 to oxidatlon ponds. This pracclce greatly
?

reduceg the anount of return flow avaLlable for reuse in che immedlate area

ol punping, but nay be desirable for nalntalntrrg good r;ater guality.
The largest observed uater-level decllnes are near vells 20/19-3bcab

end 2o/19-4ddac (flg.1l and pl. l). These sells are pumped intermircenrly .

throughout the year, and a noderate drasdovn is oaintal.ned most of the tlme.
I
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o
t{uch of the water pumped frou these wells ls dlstrl.buted to houses more

than half a mile to the north. Consequently, reclrculated water has had

l1ttle affect ln reduclng sat.er-level declines near the wells. The net

affect has been that, though decllnes have occurred near the wel1s' lraCer

le\rels to the north, Ln the vlcinity of Lenrnon Valley school, have rlsen

10 feet or Bore. In Novenber 1971, the levels were within several feet

of the land surface.

Long-term changes ln waEer levels have also occurred in response to

recharge from imported water. Water leve1s ln Che vicinify of Stead

Faclllty have rlsen as much as 20 feet (fig. 11). Some recharge from

lnported Itater also has occurred ln the vicinity of Ralelgh Heights

however, the anount of net change ln htater levels ln thls area could not

be determined.

Ground-tJater Storage Cha.nges

The water-level changes showrr in flgure 11 have resulted ln a net

change of ground water in storage. This change ln storage may be estinated

fron the thlckndsses and areas watered or dewatered shown ln figure 11 and

the speclftc-yleld values showrr in fLgure 5. ComputaEion of the net change

ln storage ls sumratlzed in table 18, whlch shows that an estimated net

tncrease 1n ground-water storage of some 51000 acre-feet has occurred. For

,the 25-year perlod of development and lmported waEer, the average annual

net Lncrease in sCorage was on the order of 200 acre-feet Per year' the

bulk of the lncrease probably occurred. during the 7 years, 1959-65, of
i

large l.nporCs (table 15). Thus' recharge from imported rncer, lncludLng

aeuege effluent, has exceeded estlmated depletlons due to punplngl

J
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I
i

i
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Table 18.

Net water-leve1
rl.se (+) or
decllne (-)

0 ro +10 +5
+5
+5

+10 to f20 +15
+15. +15

greater
than 20 +22

4,400 18

160 3,500 18

Volume

1r900
1,400'860
1,100

15,000

1,200

L2.5
18

7
L2.5

+160
+240
+250

+50
+140
+790

+630

Average
speclflc

yleld

Net, storage
lncrease (+)

or decrease (-)(feet) Area of naterlal

- 

average (acres) (acre-feet)ffi.ee (acres) (a9r1!e99f (percentage) ta913-f;.et)
nange 

-- it)- (zr (t)x(zl-(:t (al (lrx(or

Sllver Lake subarea

2,300 7460
380
280

57
76

290

Subtotalftrounded) 1 
' 

7OO +2r27O

-220o to -t&/ -s 250 18

Net Lncrease, Silver Lake subarea (rounded) +2,000

East Lenmon subarea

0 to +10

*10 to i20

1,700
2r600

260
2,000
9,800
5,100

21,000

1r400
21200

900
1,300

7
L2.5
18

7
L2.5
18

L2.5
L2.5

L2.5
alt

+120
+320
+470
+140

+l,200
+920

+3,20O

+180
-280

-110
-13

340
530

52
130
650
340

+5
+5
+5

+15
+15
+15

SuU total!(rounded) 2' O5O

O to +10 +5 280
0 to -10 -5 430
greater
than 10 -15 60

-15 85

SuUtota€/(rounded) 850 6,000 -220

Net lncrease' East Lerruron subarea (rounded) +3,000

Net lrrcrease, Lenmon Valley (rounded)

74

+5,000

1.
2.
a.

For areas respondlng'Fo lmPorted sater'
For areas resPondlng to PumPtng'
Estlnated for fractured consolidated rocks't.

I
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' Changes ln Eyapotransplration of Ground Water

Developnent has also affected natural evapotranspl.ratlon of ground

Eter. l{ear most areas supplled by Lurported and puurped rrater, ground-water

lenela have rlsen to withln several feet of the land surface. Consequently,

plants, such as grasses and tules, whlch consume comparatively large

quantltlee of ground sacer have become established locally. MJacent to

these areasr natural aasemblages of rabbltbrush and greaserrood have become

nore dense and a sparse undergrowth of saltgrass has appeared. Plate I
!

shows the general areas where the natural ground-water discharge has been

affected by Lurported water. Increased dlscharge ln the Sl.lver Lake subarea

ls eupplled prlncipally fron recharge derlved from lawn lrrigatlon.

Increased d.Lscharge in East Lemmon subarea ls supplled prlncLpally from

the recharge of sehtage effluent. In Lg7L, ehallow water levels near Stead

Faclltty appeared relatlvely stable, whlch suggest,s that lncreased recharge

frou lmported water has been nearly offset by lncreased natural evapotran-

spl.ratlon and that locally the ground-water system ls approachLng equlllbrlurn.

Other developurent has tended to reduce natural dlscharge of ground

Iitter. The longest sustal.ned high rate of ptrnplng has been 1o the Sllver

Iake subarea, where water has been pumped to lrrl.gate the golf course for

aore than 10 years. As of 1971, only a ellght sater-level decllne had

occurred Ln the vlclnlty of the pumped wells. Consequently, punpLng nay

bave caused some reductloa ln natural evapotransplratlon. Prnplng apparently

has hed llttle effect oa natural ground-nater dlscharge Ln other parcs of

the area.

:.

t
75

i

I

I

r



o

Reductlons iln natural dlscharge have also been caused by land clearing

Gonnsgged slth developnent. In Silver l^ake subarea, about 250 acres of

gre-sesood and rabbltbrush were cleared several years ago. In 1971, some

phreatophytes were reestabllshed on this land, but evapotranspiration of
' -a

grannd uater had been reduced from about 50 acre-feet per year under natural
- condl'tlons to possibly only 10 acre-feet per year. Thls salvaged dlscharge

I'e readlly available for use by domestlc-well owners and may explain in part

lhy there had been no discernable decllne ln water levels in the Silver
Xnolls subdlvision. About 100 acres of land Ln the Central Area has also

beea cleared to uake way for roads and houses. Natural discharge probably

has been reduced.by about 20 acre-feet per year.

Table lt 3"rr-ogLzes estlmates of ground-waEer evapotranspiratl.on in

Lem'ron Valley as of L97L. Consurnptive-use rates used are based on t.he

sane sources as. used earlier ln this report. Although the total area was

about 200 acres less, the estlmated evapotranspiraEl.on of ground wat.er in

' '1971 ras about 200 acre-feet per year more than under nacural conditions.

.' 
(See table 9.)

' Changes ln Chenlcal eualitv
Over a perlod of tirne, the cheurlcal quality of pumped ground nater may

alot'ly deterlorate. One process that nay cause such a deE,erloratlon is
ul'gratlon of rraturally occurrlng poor-quality nater stored beneath playas

1o both the Sllver Lake subarea and East Lenmon subareas (flg, 9) toward

vells. ftre degree to uhlch chls process will occur depends upon the locatlon,

Sransulsslvltyr and the rate at whlch a vell ls pumped. Heavily purnped nells

Dear playas should be the flrst affecced. However, even Ln these areas,

poor-quallty vater.would be nlxed with good quallty water uoving tosard the

rell fro oth€r dlrectl.ons and poselbly from at depth beneath the playas.

tb18 alxrng nlll tend greatly to decrease adverse effects of the poor-
76quallty u:rter.



Table lg.-Estinated eva lration of ound water in 1971

rLssenblage or
Depth to
sater Area

Evapo transpirat.lon
(acre-feet

r year) (acre-fee

Stlver Lake playJ
Other playas
Cleared land (fomerly

greasewood)
Greasewood and

rabbltbrush
Greasewoodr

rabbltbrush, and
aome saltgrass

Grass and spring-
supported vege-
tatlon

aear Sllver Lalie
south of Highway

39s
Tules

Subtotal (iounded)

Playa
Grass-covered playa
Greasewood and

rabbltbrush
Grasses
Rabbltbrush, grease-

wood, and grass
Channel bottom

vegetatlon
Ctrannel bottom

vegetatlon
Subtotal (rounded)

gLVER LAKE SUBAREA

o_5
0-10

15-35

medlurn to 11 10-35

hlgh to rredl'um 5-15

o-5

0-5

o-5

430
40

250

620

300

130

60

20

0.5
.2

<.1

.2

.5

L.2

L.2

3

trace
0.5

.2

2

.5

.5

I

160

72

60

220
8

10

120

150

1,900
EAST LE}II.ION SUBAREA

ot/t9IV

medlun_to lorr

htgh to nedlun

medium to high

high

to-35
0-10

10-40

o-5

0-15

0-20

0-5

800
60

1,700

60

130

30

10

sual1
.30

340

120

65

15

10

2,80O

Total (rounded) 41600 1,400

1. Covered by water during. part of some years.

''- t -
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Another process that acts to change the quallty of purnped water is a

comblnatlon of deEerloratLon in water quallty wlth use and recycllng of

uater. Deterioratlon of water quallty vith use, in turn, can g,enerally be

attrlbuted to elcher concentratLon or loadlng, which Ls the addltlon of

salts to the water as it ls used. Wtren water is partly consumed by evapo-

transplratlon, the salt left behind usually rernaLns dissolved ln lhe residual.'

water and lncreases the dissolved-sollds concentration of the return flow.

If there Ls no loadlng, dissolved-solids content of return flow can be

estlnnted by dividlng the origlnal dlssolved-solids content of the uater

by the percentage of return flow. The data Ln table 14 suggest that total

dlssolved-sollds content of the lmported Truckee River water ls only about

8O mg/l. If about tno-thirds of the water applied to lawns ls consumed and

one-thlrd reclrculated and if no salcs are precLpltated or otherwlse consuned,

then the dissolved-solids content of the return flow should be about

three times the original, or 250 rng/I. Thls ls ln reasonable agreement

rrlth the estlmated dtssolved-sollds content of five of the slx shallolr-

well wat,ers near Stead Faclllty (fig. 9). water fron all these wells

probably ls derived from lnflltration of imported water.

l.then water ts used for lrrlgation, loadlng can occur as a result of

salts belng leaclred from soil or fertlltzer; loadLng also occurs as the

result of domestlc use. .In Lenmon Valley, loadlng probably wtll be the

nost slgniflcant factor affecting future quallty of ground ltat.er. Data

ln table 14 suggest that dlssolved-sollds concent of the Stead Facl1lty

sewage effluent Ls about 34O nglL higher tlran that of the irnported nater.
aeldage-Ereatment

If the flow through the Stead .,1 plant ln 1970 of 370 acre-feet ls used

as an estlsr.lte of the average flow, thea a chenlcal load of abouc 170 tons

of dlssolved salts was added Eo the hydrologtc syst€a as a result of publlc-

J
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' 
*.r, . .. thls use iB about 120 pounde of dlssolved ealta Per Persoa ler yezr. Host

$i -'.,' r-,'.' :

;y- =',' ".oi thl.e aalt evenCually reaches the ground-rater syatem. .-',',tl:..''...'ofthl,eaa1tev€nBua11yreachestheground..l'ater8yatem.
i',:.* ,.,-':,- '. ,-. ,"
',..:.;; .. -;;..,'-. -Ibe Stead Fac(Llty Le ueed to lllustrate that the proceegee of con-
l]..'.]...,.''.,",.--...:-,.,',;..
ii::,',.--t'.,"eotratlon and lqadlng aFi operatl.ng 1a Lemron Valley. Uore sigoiflcantly,

ijj.'=tt 'hrJ"r"r, tt"'se ""r" 
pto""""u" are algo operating ln areas strere tbe 31600 

" ' ' +

r-",'...t rl:;.,.'.'.. :'.ilt"poee of uastes through eeptlc tanks; therefor.il ttt" entlre chenlcal load
;--.1i'r': l-' :
c)'1.'.. . '' -',' -: '. -

fi-.,r' .,' .:. t6-returned to the gr'ound-water syst€n. In moot cases, recycled water rl'11
i-": - ' -:.

j.t::..',.'.. ,blx g"lth oative.r"t"r of betder quallty, and thus, the deterloraclon ln the
i. . .". :..;. . .'' ...
;'; .i.-'.'-'-. -,.. .-. '. r i

ij..'..f.i.,'jqga!ttyofthePlaPdwaterl.eexpectedtoproceeds1ow1y.
a. i',','i..-. - ','.
ii..'" .,
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, 'GRAIilIFT{ATER 
BUDGET, 1971 CONDITIONS

' Table 2O la a grouod*ater budget for condltlons in Lemon Valley as

of 1971- tte estlmated lnflos to the ground-water systen of 11900 acre-
feet ls 4(X) acre-feet hlgher than that estlnated under natural condltlons
(table 1o). Ttrls is due to secondary recharge fron furported waBer. it"
I'nbalance between lnflow and outflow probably is due largely to errors in
'the estl,nates- An est{nate of the annual depletlon of storag,e could noc

be oade durlng the co;rrse of thls 6-nonth study; however, if nost of the

aet PunPage indl'cated lu table 17 were considered derived frou st,orage,

nrch of the lnbalance could be accounted for

Table 2O shows that for all of Lenmon valley, outflow exceeded tnflow
by about 10O acre-feet. However, an estinated average net increase Ln

atorage of sooe 200 acre-feeB a year is suggested for the past 25 years

or ao (e- 7-;1, whlch is converse to the decrease calculat€d for 1971 in
table 20.

i
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Table ZO.-Cr"""a-t"t"t Utagtt

[A11 estl-nates ln acre-feet per year]

Budget lteo Sl.lver Lake East Lemon
subarea

Total for
Lemrnon

INFLOW:

subar

1r00o

ulnor

500

mtnor

a 22O

30

Valle

1,500

nftior

a 32O

30

1,900

lr4oo
220

;;,

2,000

-100

Recharge from PreclPltatlon
(tabte g)

Possible lnflow from Cold SPring

Valley (p. f/,
Net lnflow from Sllver Lake

. subarea (P- t/)
SecondarY recharge from imPorted

water

Stead (table 16)

Ralelgh HeLghts (P' ! t)

Total (rounded) (1)

OTITFLOI.I:

EvapotransPl'ratlon (table 19)

Subsurface outf low (P. ''>7 
>

Net outflow from Silver Lake

. subarea (P. 
'/)

Net punpage (tab1e 17)

(2)

(1) -(2)
Total (rounded)

IMBALANCE (rounded):

100

1,100

810

(b)

olnor
200

I,000
+100

800

580

220

190

1,000

-200

i. Includes 140 acre-feet recharge from

b. Excludes posslble subsurface outfLow

seltage ef f luent.

through fractured consolldated rocks'

:

I

I

-
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THE AVAII.ABLE WATER SUPPLY

The avallable water eupply Ln Lemsron Valley is dlscussed ln the followlng

aections ln terms of: (1) the perennl.al yield, or the maxlmum anount of

ealiable natural dlschargei Q) an augmented yield where the natural ground-
..'

sater eupply ls suppleurented by lnported water; (3) storag,e depletlon, whtch

ls a@etlmes referred to as the "one-tlme reserve" and ls evaluated ln terms

of a transltlonal storage reserve; (4) reuse of water; and (5) Lnported nater.

Pcrennlal Yield

' Ttre perennial yteld of a ground-water reservoLr nay be deflned as the

roaxlr,,um amount of water of usable chenical quallty that can be withdrawn

and consumed economtcally each year for an lndefinlte perlod of tlne.

the perennlal yleld Ls contlnually exceeded, nater lerrels w111 decll.oe untl1

the ground-water reservoir ls depleted of water of usable chenical quallty

or untll punping ltfts become uneconomical to mrintain. Perenn-lal yleld

cannot exceed the natural recharge Eo or dlscharge fron the ground-vater

reserirrolr. Moreover, perennial yield ultlnately ls llnlted to the maxlmum

amount of natural dlscirarge that can be economlcally salvaged for benefl.cial

use.

Table 10 shows that the est,lmated natural recharge to and dlscharge

,froo the ground-water system ln Lemmon Valley Ls about 11400 acre-feet per

year. However, about 200 acre-feet per year of the dlscharge uae subsurface

outflow to adjacent valleys. The anounC of thls outflow that ulght be subs.rtf.""

by punptng ls not knonn. If water ls leaklng downward Lnto fractured

coneolldated rocks beneath the valley ifff and then laterally out of che

8rea, probably only a snall parc of the outflow could be salvaged by punplng

frorn the valley-flll reservoir. On the other hand, 1f sater is uovlng

82
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i. ;:r..' ..-.-: .-' " ' -:' .1 -:i ".,'.i-.;.i-, -.froo tbe vallery-flll reeenrol.r. rf lt 1s aesuued that vlrtuatly all evapo-
r-*.''.'1'l'i':'r' 

" .- t;: .: - , ... t. ..' ., . I : ," ...'., :-- .-... .. .

?z::'-.--. .:..'-
;.-.'.' i -:-;,_' Creaspl.retloa could be ialvaged, then perennlal yleld for Le--oo Valley
'.'...:r,*'. l-.-. ' '- : ' ,:. :- '- , r.. j ..'
.:... .;,': .. .:r-.. - : :. :.-. .

::;";;t:;. :- Cotsls. about 11300 acre-feet. Peren4lal yleld.of the Sllver Lake eubarea
.;- j-- .i w r,'l .

;-.1'.'-.-.-r--i .,ls about 900 acrefeet, and perennlal yleld of East Len"r"on subarer'l,a'
'.;i;.)..;.,.;;'.: '.i..:.. r. . -

r i .l.-:-,.^,t.:... .'ebout 40O acre-feet. Any.algnifLcane flow between tire two eubareas rould
;.-.'-:S: :.i. i.'.'..t , .-"'' ' :.'-'- :

i..-j1;ii::-;;.:y*"tbenatura1-y1e1daaccord1ng1'.'
-'..i-i'lrl.r.'.:
1?;r. .'.',":. . ,'{-. -' "-:.:a..-i-.''.;-:'l:.i.' --'-,'t ..' ",..rthe sater iesources of Le'*'.on Valley have been eupplaented by lnported

' ':'' i

later elnie the early 1940r;. Ioportatlon probably w111 toutlnue at least,':
1 ae ln L97I. In thl.s report the term auBpentd yleld le

','!



i Table 2l.-e"tt"r"a ""gr""t"a vlfu

[Al1 estlnates ln acre-feet per yearl

S11ver Lake East Lemon
eubarea

Total for
LetntnOn

Perennl.al yleld

Secondary recharge fron lnported water:

Ste8d Paclllty

Balelgh Belghts

900

100

o

400

a 22O

30

Va11

1,30O

320

30

Augnented yield (rou'nded) 1,00o 600 1,6002
?t

;
ri
t

i
I

t
I
t
r a

{

Inported=rrater use resultlng io

auguented yiefd:

. Stead Faclllty
. Balelgh Hetghts

5(X)

o

400

b 150
1,0o0

I

l.

b.

Includes 140 acre-feet

About 60 acre-feet per

recharge from sewage effluent.

year of aewage exported from the valley.

.t
I
I

.r

,.

o,.
,

E4

i

I

I
I
i
.i

I
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o Storage Depletion

No ground-water source can be developed by pumping without causing

sone atorage depletlon. The nagnltude of depletlon varies with the amount

of punpage, the hydraulic properties of the system, and the dlstance of
developrnent from any recharge and discharge boundarles in the ground-water

aysten' Few desert valleys have well-defined recharge boundarles, such as

, 
tttt streams or lakesl however, most have well-defined discharge boundarles,
guch as areas of evapotranspiration.

Transltlonar storage reserve has been defined by worts (1967, p. 50)

as the quantlty of water in sEorage ln a ground-water reservoir that can

be extracted and beneficially used during the transitlon period between

equlllbrium conditlons in a st.ate of nature and the new equilibrium con-
ditlons under the perennial yield concept of ground-wat.er development.

Thus, transltional storage reserve ls a speciflc amount of the total ground

rtater in storage; lt ls wat,er ln additlon to and developed along with the
long-tern amount provided by recharge.

To develop the transitlonal storage reserve, several assumptions are
made: (1) wells would be st,rategically situated Ln, near, and around areas
of natural dlscharge so that these natural losses could be reduced (subsur-

face outflow) or stoPPed (evapotranspiration losses) wlth a minlnun of
water-level drawdown in the puuped wells; (2) a perennial water tevel 50

feet below the land surface would curtal.l vlrtually al1 losses frou ground

water; (3) over the long term, puluping would cause a moderately unlform
depletlon of storage throughout Eost of the valley filr (excludlng soure

r€note trLbutary areas); (4) the average speclfic yleld would be approxr,nately

equal, to that lndlcated ln table 1l; (5) the sarer levels are wirhln the

range of.econontc purnplng lift for the intended use; (o) the developeent,
would have lrttre or no effect on adJacenc varreys or areas; and (7) the
reter ls of sultable chenlcal quallty for the ln.ended use.

o
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Table 22 llsts Bhe estlmates of transicional storag.e reserve for Sllver
Lake and East. Ler,,non subareas. Although nearly the entlre perennlal yleld

':
of East Lemmon subarea probably could be salvaged by puurpl.ng only ln Ehe

Gentral Area, the Black Sprlngs area and Golden Valley are Lncluded becauee

.-the developnent ls slgnificanc. Also, some of the natural discharge I
these two tributary areas could be salvaged by punplng from sells. If nosq of

faults shown on plate I are effectlve barrlers to flow and if the valley
f111 ln the Black Springs area ls compartuentalized as a result of thls
faultlng, outflow could be salvaged wlth comparatively suall water-level

decllnes, provlding punplng is stragetlcally distrlbuted.

and approach a new equllLbriun in the ground-water system. Assuming

unlforu rates of storage depletlon and salvage of natural discharge, the

annual PutrPage (Q) and the tlme in years (t) during which depletion would

take place can be approximated frorn the following equatlon:

O - Storage depletlon * Natural discharge-r2

Uslng (1) the eguatlon and estimated transltlonal storage reserves of

90'000 acre-feet ln Sllver Lake subarea and 50rOO0 acre-feet ln East Lsnmon

aubarea, (2) esttnated lncreased salvable dlscharge (augnenced ylelds) in
1971 of l'000 acre-feet per year for Sllver Lake subarea and 600 acre-feet

Per year ln East Lemmon eubarea (assunlng these values would remaln constant

lu the future), and (3) a punplng rate (Q) equal in quanrl.ty to the augnenr,ed

yleld, ln accordance wlth the general lntent of Nevada water law, the ttme

(t) to.deplete the transicional storage reserve ls conputed to be abouc 180

yeara ln"Si.lver Lake subarea and 170 years ln East Lern'non subarea. In actual

Practlce' the translttonal storage reserve probably will not draln unlfornly

the
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subtcct to _ to be
. depletloqUdenatered

Area Thlckneee Average
. gpeclflc

ylrr&l
(percentage)

Transltlonal
rtoraSe
reServe

(acre-feet)(acree) (feet)
2 x(2lx(3

90,ooo16

' fotnl (rounded) 25,00o 38t 15 , 14o,0oo

5.
table

area ln gec.

'..-a

: 
j::. ... --,' i. 'E,ccoviry of all stored water tndl.cated would be coopllcated by barrler

J_



fron the valley-fill reservolr because of the fault barriers and the

Lrregular distributlon of punpl.ng. Consequently, less etater would be

vlthdrawn from storage and equl.llbriun nury be approached slgnlficantly

sooner than lnd'tcated by these rough computations. In the event that

punplug ls not sBrategically located (that Ls, becomes too concentrated ln

one or more loca1 areas), conditlons of local overdraft could occur, and

oo nes equllLbrlum could be attained before condltl.ons unfavorable to

local punping occurred.

Reuse of lJater

l{hen water ls punped from the lround-water reservoLr, usually only

part 18 consufied. The rernainder uay be returned to the ground-water system

and become available for reuse ln a manner slmilar to inported rdater. How-

ever, as prevlously described, Dost uses result tn some deterioration in

sater quallty, and recl.rculatlon may eventually lead to a serious deter-

loratlon in the quallty of pumped rrater.' In arid areas, where demand for

water exceeds the readily available perennial supply, one alternative Ls

to reuse $ater as much as possible and aEtenpt, co maintain satisfactory
chenLcal quallty by water treatnent. Advances in water-treatment, technology

have made this alternacive more atEractive tlran it was several years ago;

however, addltlonal factors need to be resolved before maxlmum reuse is
practical on a sustained large-scale basis;- 

The uaxlmuo sustained sithdrawal fron a ground-water basin developed

under the perennlal- or augmented-yield concepts may be estlrnated by

uultiplylng the yleld by a reuse factor. (For a detalled explanatl.on, see

n
appendix I.) Brl.efly, the reuse factor ls defined as 1* tr, shere R 1s

the part of the sater that ls recl.rculated. These conputatl.ons assune that

all the water avallable on a perennLal basis would be reused repeatedly untlL

entlrely consuned and that suitable rracer quallty could be nalntalned by

roue tJ4re of advanced nater treatmert. Tables 16 and 21 ladlcrte thet about

J_



36 percent of the water usecl at the Stead Facility is recycled. Recirculacion
by houses wl'th lawns that dispose of wasce water through septic canks proba!]y
ls alnost twLce this amount. Houses without lawns, apartment houses, and
tral'ler courts probably recycle even a larger percentage of withdrawn 

'acer.
A rectrculation of 36 percent is used for the following exampre; in

thls case the reuse factor is about 1.6. Table 21 shows t,he augmented yleld
for Lenrnon valley under 1971 conditioqs to be about 1r600 acre-feet per
year' whlch when urultiplled by a reuse factor of 1.6, provides a maxlmum

eustalned withdrawal, under this condlcion, of about z,5oo acre-feet per(
year' rn 1971, much of the total sewage-plant effluent was losr co evapo-
transPiratlon' rf most of the sewage-plant effluent $rere recirculated,
the maxlmum sustained withdrawal for Lemrnon valley can be computed to be

roughly 4'500 acre-feeE Per year. Thls 'figure approaches Ehe t,Seoreclcal
naxlmum' Tlre amount of use that could be practically achieved would be
between 2t500 and 41500 acre-feet per year. The above computations serve
to lllustrate how recycled water is a means of excending the usefulness
of a llmited water supply. There also rvould be the very substantial problem
of dlsposal of salts removecr during advanced treatnent., wrriclr could
adversely affect the deslrability of this alternative.
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v̂
l ' i Ipported Water

''.. 'Ag neatloned before' ltater has been funported to Lemnon Valley slnce

.: .- 
_ 
the eariy 1940ts. In the event that prevlously llsted estlnates of yteld

aie lnsufflclent to meet water requlrements for planned future developmeats,
:-

' .lnportatl,on of additlonal water Ls an alternatlve that nay be consldered.

Eorreverr there ls aleo a hlgh deurand for water ln the Truckee Rlver Basln

_ 
aud slgnlflcantly tncreased finportatlon of eater into Lemron Valley nay

not be possible untll legal and soclal quescions beyond the scope of thig
t- - !study are resolved. Consequently, no estin:rtee of future quantltles of

Lrnported Truckee Rlver water are lncluded ln this sectlon. As of Septenber

. 1971' pernlts hqd been lssued by the State Englneer to pump abour 600 acre-

feet Per year of g-round rtater frour adJacent Cold Sprlng Valley for use ln

-.- I
I

j

,

;

I

t

Lemmoo Valley.

o
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o
wells are properly spaced near areas of dlsctrarge, then natural discharge

could be salvaged wLth minimum water-level decllnes. The following para-

graphs give prelininary estinates of dLstribuEions of pumping whlch srould

,reduce the probabllity of local overdrafE. However, local problems can be

expected to develop in areas of comparcment.ed valley fill where cause and

effect relations are difficult to predict.

A strateglc distribuEi.on of purnping in Silver Lake subarea could be

'attal.ned by proportioning pur:rping between the north and south parts of the

eubarea and naking sure that withdras'als were not too concentrated in any
suggested by contours

one area. The pattern of. ground-water f.Low I on plate l, dlsposition

of luported water listed in table 16, and estimates of ground-water evapo-

transplratlon listed Ln table 19 suggest ttnt lf neE punpage south of Silver

Lake were about 30O acre-feet per year or less and net pumpage north of

Sllver Lake were about 700 acre-feet per year or less, pumping would be

reasonably distributed with respect to the ground-water flow system.

. In the sectLon on storage depletion it was indicated that augmented

yleld ln Fast Lernmon subarea could be'most readity salvaged by pumplng in

the Centrat Area. However, ccnslderable development has already occurred
therefore,

ln Black Springs area and Golden Va1ley; /estimat,es for these areas are

lncluded. The quanBity of erater that can be readlly salvaged by punplng

from these tno areas is dtfficult to evaluate because they both draln co

the Central Area and salvage would probably be accompltshed by decreased

transmlsstvlty caused by lowered r.rater levels or by drawing qrater levels

dorrn below hydraulic barriers. For purposes of obtaining a prelimlnary

estinrate, about half of the recharg,e generated fror,r che drainage areas of

Black Sprlngs area and Golden Valley uas assumed salvable by local pumplng.

Ttre estl,nated recharge generated'in the two tributary areas, the pattern
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suggested bY contours
of ground-uater tLow--i on plate l, the distribution of irnported uater

llsted ln table 16, agd estimaced evapoEranspiration. of ground water shown

in table 19 suggest that lf net PumPage in the Central Area was about'

400 acre-feet per )'ear or 1ess, lf net Pumpage ln Black Springs area was

about 170 acre-feeE per year or less, and if net PumPage ln Golden Valley

uas abouE 30 acre-feeE Per year or less, pumping would be reasonably dis-

trl.buted wiCh respecC to the ground-water flow system. Any water exported

frot Black Springs area or Golden valley as sewage should be considered

part of the local net Punpage, because there rlould be no local return flow

to ground water 
cha{rges ln Distribution of water

. Water-level changes resulting from tlre exlsting develoPment have been

descrlbed ln the preceding sections. It was poinEed ou3 that as of 1971

Che nost slgnlficant water-level declines were in areas where water had

been transporEed away from where 1t was pumped. Consequently' recirculateC

water nla ffttfe stabllizlng effect on vtater level-s in the purnped areas'

WaEer levels declined as t,|ough all pumped water \'tere consumed, whereas at

the same t,Lme, lrater levels where Ehe waEer was used rose in resPonse to

lnduced local recharge.

If future developments lnclude placing houses, which are currently

supplled by locally derlved ground traCer and whicfi currently dlspose of

wastes througlr septlc tanks, on a publlc sewer systemt slgnlflcant decllnes

Ln local ground-water levels may occur. For example, lf the cornmunlty of

Black Springs were to be placect on a publlc sewer system and lf the sewage

were to be transported to the Stead setagepl"nt, tlre ground-water reservolr

would no longer be locally recharged by sePtic-tank effluent; consequently'

sone decllne ln ground-water levels would be expected. iloreover, much of

lhe treated efflue-nt from the Stead sewer plant ls consuned by evaPoEran-

splfatlon and only ParC recharges the ground-water svsten' Thus, total
draft on the hydrologlc syscen would be lncreased even though the rate of
rlthdrawal remained che sane. 93



Future Water-Level Decllnes

One of 
-the 

flndlngs of this report ls that as of 1971 no discernable

ridespread decllne ln groundarater levels had occurred due to pumplng.

llowever, in the futurer'as nec pumpage approaches the augmented yteld,

elther because of Lncreased development or lncreased consunptlon of exLsting

ulthdrawals, grdund-htater levels will decltne as the groundrrater system

adJusts toward a new equllibrlurn. Accordlngly, it. would be advisable to

drlIl new we1ls deep enough to allow for a reasonable amount of water-level

decll'ne (several tens of feet) or to const,ruct them so they may be deepened

in the future

ltalntalning Acceptable Water Qudlitv

Lenmon valley is a topographically closed basin wlth only a srlall
possible

adrount of/subsurface outflow. . Conseguently, problerns of nalntalnl.ng satis-
factory chemlcal quality of pumped ground Lracer can be expect,ed to develop

ln.the future. The followLng paragraphs describe several patterns of devel-

opment'whereby quallty probleurs would be reduced.

One means of nalntainlng satlsfactory chemical quallty would be to

nlnl'mize reuse of water by llmitlng ground-ri'ater withdrawals to the perennial

or augmenBed yield. Not all water purnped would be consumed and soue lrater

rould stlll drain to areas of natural discharge. If pumplng were strategL-

ca1ly located, much of the return flow would eventually nove to areas of

natural dlscharge, carryLng dlssolved salts wlth it. For example, ln 1971

the augurented yleld for Bhe entlre valley was 11600 acre-feet per year.

If slthdrawal by pumplng were to be increased to t,hts arnounc and used largely
for donestlc PurPoseq only about 40 percent of ttre pumpage (table 16) would

be lnnedlately consumed by evapotransplratlon. The renainlng 1r000 acre-

feet of return flow (sewage plus recharge frour lawn water) could carry

J
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l'r

dlgsolved sal-ts td areas of nacural discharge near the center of the valley.

.' S81r. could contlnue to accumulate Ln these areas as it had under natural
- 

, condlt{ons. Total rraBer supplled each year would be 900 acre-feet of

Luported !.ater plus 116OO acre-feet of pumped ground water. On the basl.s

of an average dedrand of abouc 200 gpd per caplta, about 1Or00O persona,,:
or thd.eilulvalent 1n other uses, could be supplled.

t

If the above quantity were insufflclent to satlsfy future demands for

' growthr one alternatlve would be to lncrease lnported wacer and maintain

- 'dra{nige tomrd natural dlscharge areas by keeplng pump{ng nithdrawals at

. or below Che auguented yLeld. If addltlonal sites served by tnported water
.'.

,and PumP{ng were both strategically dlstributed, a slgniflcant increase Ln

- .riee nlght be realized rithout any slgnlflcant deterloratlon ln water quallty.

The.anount of lncrease probably would be llnited by abillty of the dlscharge

area to handle'the lncreased dratnage. Because subsurface outflow ls belleved

!o_ 
b" small, Lt 18 doubcful whether much water of poor quallty could be

drained ln thLs uulnDer. Table 9 shows that there are more than 11200 acres

of playa ln the lou narls of Lenmon Val1ey. If a net rate of evaporation

'of 3.3 feet per ye-ar ls sssrrmsd (Kohler, 1959, pl. 2), these areas should

be capable of consuolng uearly 4'OOO acre-feet per year of water by evapo-

ratloar less any natural runoff that, reaches these areas. Thls alternatlve,

aftnirgh sLnple ln prLnclpal, ls also, a.conpararlvely tnefflclent "use" of

sater. Huch Lnported nater sould. be used only once and theo lost by

-- evaporatl.on.
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A more efficient alternat.ive is to reuse tlie rracer. The amount, of
water that can be reused ranges frorn a srnall anount when withdrawals are

. na'r the perennlal yield to a subscantial part of the pumpage when the

lmun sustalned withdrawal rate is aBtained. The rate of deterioration
in quallty of punped water lncreases in proportion to the degree of reuse.

' If about 900 acre-feet per year of imporred water and the perennial yleld
of l'r300 acre-feet were reused to the uraximum e-\tent possible, ghe maxirnum

eustai.ned withdrawal r.'ould be about 51400 acre-fe.et per year (900 acre-feet.

Per year lmported wat.er and abouE 41500 acre-feet per year pun'page , p. tr?).
Using a Per capita withdrawal of 2oo gpd per person, about 24,ooo persons

could be served. However, reused water would have to undergo advanced

treatment to naintain satisfactory quality, salts removed by treacment

ttould have to be disposed of, punping would have to be stragegically dis-
trlbuted so that necessary recycling r.'ould occur in spite of barriers, and

techniques would have to be devised to recharg,e created effluent to the
ground*rater reservoir. Thus, substantial reuse of r,'ater vould be an

efficient but costly alternaElve.

Sttll another alternative -*ould be to imporc water, combine imporced

ttater wlth ground r.ater sithdrawn ac rhe maxlmum o"trr;i:t:"t$l and mainraln
htghlya satl'sfactory chenicar. quality by exportirgTrro"ted effluenr back to theB*.sr^ .

Truckee River This alfernatlve offers
' a oe'ans of maintaining satlsfactory chemical quality without tlre extenslve

treatment necessary for recycling and also avoids problerns of salt disposal
And arttflclally recharging the ground-vater reservoir. lloreover, ground-

sater ntthdrawals fron Ler.mon Valley vould nake up part of the exported

effluent, thus helping to reduce the net loss to the Truckee River systen.
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There would be some reduction in chenlcal quality of the return flos but

probably not much more than lf the same water nere sithdrawn and used withLn

the Truckee Rl.ver Basin. The problen aspects of this alternative would be

the legallty of lncreasing lmports, lf needed, the cost of constructing

export faclllties, and of treatlng and pumping effluent out of the area.

Table 23 sumnarizes the preceding alternat.ive in terms of estimates

of Lnported water, ground-water pumpage, consumption, recycled water,

return flow to the Truckee River system, and estimated population served

for speclfled levels of neL loss to the Truckee River system. These

eaBtmates rrere cornputed from relations described in Appendix II and the

dletrlbutlon of lmported rrater given ln table 16. Estimates ln table 23

are based on average conditions and do not take into account factors such

as peak demand and reservoir storage. Also, punping and hlgh denslty areas

eerved by lnported waLer would have to be strategically located with respect

to the hydrologlc system. Table 23 indicates that with an irnportation of

31100 acre-feet per year and ground-water pumpage of 21400 acre-feet per

year, a population of about 241000 could be served. The return flow to

the Truckee Rlver syst.em would be about Zr2OO acre-feeE per year with a

net diverslon of only 900 acre-feec per year.

Bxanples of posslble schemes of future development listed in the pre-

cedlng paragraphs have been presented ln terms of general condltlons for

the entlre basln. The examples glven lllustrate that development, wlll be

conetralned by quantlty and quallty conslderations and that any plan for
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Table 23.-- of estlmated import-export values for

levels of ne diverslon fron the Truckee River s

[l{ater values Ln acre-feet per yearl

Net
Return diverslon
low to fron

Truckee TruckeeImported Ground- Rlver Rlver EstlmatedLtater + uater = I I'later + Anountn, * system systen popuration(r) prrnoage!/ ror"r co.,",rr"a re_".,cr;;e/_ '?ii- (rr-(z) servlET"
l,3oo

3r100

5,300

1,900 3,200 11300 600 1,300 0 14,000

Pumpage at maximum sustained rat,e permltted by augmented yield and reuse factor.
Includes recharge fron imported water (20 percent of lmported water) and recycled

ground-water punpage (25 percent of puurpage).

Based on per-capita withdrawal of 200 gpd.

Approxtunate net dlversion in 197tr.

2,4OO

2,900

5,500 2,2oO

8,200 3,300

I,100

1,600

2,2O0

3, 300

a 900

2,000

24,000

36,000

3.

a.

J -!--_-;-a
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y stored and then used to meet peak dernande'

could be accompllshed by constructing a surface

alternatlve would be to temporarlly store

nd-tnter resenrol.r. Por example, lf water
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NT'}IBERING SYSTE!{ FOR HYDROLOGIC SITES

.t;

il_ 1'ne nunberlng system for hydrologlc sltes ln thls report is based on

Ghe rectangular eubdl,vislon of the publl.c lands' referenced Eo the Mount

Dlablo,base'llne and neridl.an. It consists of three unlts: The flrst Ls

-... the township north (N) of the base line; the second unit, seParated fron
:- , '

' .the first by a slant, ls the range east (E) of the merLdlan; the ghlid unlt,

aepareted frou the second by-a dash, designates the sectlon nunber.'' The

. 'aectlon. number Ls followed by a letter that lndicates rhe quarter sectlon

. ind quarter-quarter-quarter section where appllcable' the letters 8, b'

- c, and d deslgnate the northeast, northwest, southltestt and southeast

quarters, respectively. For exanple, well zLlLg-Llbbbb ls the well recorded

,1o ttre Uttttltfz|tlttttfz sectlon 15, T. 21 N., R. 19 E., llounE Diablo base 1lne

, a11d mertdlan. Township and range numbers are shown along the nargins of

the area on plate 1.

'.Because of ltmltatlon of sPace,

plate I only by sectlon number, and

I

a
il

wells and springs are ldentified on

quarter section and letters.

--.

--- 
-,\
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SELECTED I{ELL DATA AND WELL LOGS

Selected well data are listed in tables 24 and 25. Selected

drlllersr logs of wells are listed Ln table 26. ltost of the well

data and logs are from the flles of the Nevada SEate Engineer.

Table 27 ltsts generalized logs of U.S. Geologlcal Sunrey test, wells

ln Lesrmon Valley.

-r
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seven nells in Lernmon Vallev on Julv 18. 1942

[Data from U.S. Army Corps of Engineers, 1943, p. 6]

roximate locatlon. altlEude. and depth to water

Location

Altitude lard
surface or
top casing

llep ch
to

water

AlEltude
rrater

surface

21l18-36ddd

21l19-31cdcl

-31cdc2

-31dbcl
-31dbc2

-32cdb

-33ccc

4,969.3L

4,967 .L5

4,96L.9r
4,97O.72

4,969 .O2

4,985.61

4,968.O2

9.73

7.00

2.70

13.45

15.83

22.OO

t7 .60

4,959 .58

4,960 .15

4,959.2r
4,957 .27

4,953.L9

4,964.6L

4 ,950.42

o
rr7



- Table 26.--Sefected driUers

MateriaJ-
Thlck-

ness Depth llaterial
Thl.ck-

ness Depth

2Ol18-ldccd
Topsoil
Boulders
Clay
Gravel, small, some water
Clay
Water gravel
Clay, sandy, and small

gravel
Sand, coarse, and small

gravel
Clay, sandy, and smal1

gravel

20/L}-zdddd

Topsoll and rock
Boulders and clay
Clay and broken rock

lOl18-11aadd

Rocks, coarse sand and
gravel wlth soll 8

Clay, yellow wlth coarse
sand and gravel, rock,
hard. First water.
l{ater leve1 6 ft 8 lnches.
Very llttle water 29

Sand and gravel, fine to
coarae wlth yellow clay.
Rocks, hard. Second
vater. Water level
23 feet 8 lnches. Very
llttle vrater

Sand and rocks. Very hard
Clay, yellow, soft
Sand and rocks. Third

uater. Water level
23 feet. Very llttle
water 5

Clay, yellow wlth fine to
coarse sand and gravel
wlth yellow clayl rocks,
hard. llas trickle of
artesl.an flor.;. Probably
seep fron Andersonrs
Springs above WPRR tracks 5

20l18-l1ad (conttnued)

Sand and gravel, fine
to coarse with yellow
clayr rocks, hard.
Fifth uater, vary
llttle water

Sand, fine to medium,
wLth yellow clay,
rocks, hard. Sixth
uater, very little
water

2ol18-12atrcc

So11, black loaut
C1ay, yellow
Gravel strata with r..'ater,

rocks, sandy yel-1ow
clay mixed

Clay, yellow, sand and
snall rocks

Clay, yellow, wlth sand
Rocks and sand
Clay, yellow, wlth sand
Rocks and sand
Clay silt formation
Sand'and gravel

20l18-13dcaa

Clay and broken rock
Rock, weathered, broken
Clay and rock
Rock
Rock and clay
Clay, brown
Clay, gray
Sand and rock
Clay, san.Jy
Sand and rock, water-

bearlng
Sa;:dstone
Shate, blue and sandt

nater-bearing
Shale, some water
Shale, BraYr some Lrater

80

33
22 25
65 90
20 110
9 119

19 138

feet

100

29 t67

L73

L75

20

10
19

40

53
62
64
b8
59
74
79

10
9

2L

r.3
9
2
4
t
I

)
5

66
t08 114
56 170

3
15
10

7

l0
22
36
16

8

l4
4

8
24
22

37

9
1I

10

46
53
63

3
t9
29
36
46
68

104
120
128

L42
L46

r54
178
200

58

l.
73

118



v
-. Teble ZO.-sefected drfflerst (contlnued)

l{eterlal
Thlck-
oeas Depth Materlal

Thlck-
Beas Ilepth

t eet eet

zoirg-:tcau
.Topeol.l, water-beartng
Grgnel
Granrel, water-bearlng
Gravel
Sand, water-bearlng
GranLte, deconposed
Granlte, decomposedt

vater-bearlng'Granlte, decoPosed
Granlte, decomPosed, with

rrater-bearLng strata
.; Granlte " -' -,

2olLg-hbdab'

,"n"*, *-U"
Clayr'saady, hard
Clay, saudY
Clay, sandy, and rock
Granlte to hard granlte

20lL9-4dd,ac

Sand
noct, hard, slth fractures
Soft spot
Bock, hard, vith fractures

20l19-8bcba

Clay, etlckY, red, wlth
. flne to coarse sand
and gravel

Clay, red, wlth flne to
'coarae eand and gravelt
fa etones, soft and
aoll-d

Sandr-nedlum to coarset
large gravelt atooyt
loose. FLret water.
llater level 45 feet

Cby , red, wlth flne to
coarse eand and gravel

S€odr nedlun to coarset
aad large gravel, looae.
Secoad sater. Little
sater

20l19-8bcba (continued)

CLay, red, with fine to
coarae eand and gravel.
Soft

Sand, coarser and coarse
gravel, atonyr 1oose.
Thlrd water' llttle
.water

Clay, red, wlth mediun
to coarse sand and
gravel. Soft. Fourth
water. Water level
57 feet 6 lnches. Llttle
sater

Clay, red' wlth medlun to
coarae sand and gravel'
eoft. FifEh water.
Water level 55 feet
6 lnches. Llttle lrater

Clay, red, wlth medlum to
coarse sand and gravel,
soft. Stxth water.
Water level 47 feet 10
lnches. Llttle water

2OlL9-$eaac

72

36
24
3:

11
1
4

36
60'68
79
80

.84
110
256

336
375

26
L46

63
L24

1
108

22
4r
72
98

114

63
187
188
296

75

8510

80
31)

:

15

22
19
31
26
16

100

10 110

2
56
58
80
84

LL:z
118
180
187
222
228
262
266
27L
2lE
284
292

35

24

2'54
2

22
6

28
6

62
7

35
6

34
4
5
7
6
E

35

59

62

64

So11
Clay and rock
Sand
Clay and rock
Sand
Clay and boulders
Sand
Clay and rock
Sand
Glay and rock
Sand
Clay and rock
Sand
Clay
Sand
Clay and rock
Sand and boulders

i,-t

ia
6

119



Table Ze .-S"f""c"a a.iff.tt (continued)

Material
Thick-
ness Depth

(feet) (feet)

Thlck-
Itaterial ness Depth

(feet) (feet)
20l15-8ddbd

Clay' yellow, soft
Sand and gravel, fine to

coarse, with clay.
First sater, rrat.er
level 22 feet

Clay, yellow
Sand and gravel, fine to

coarse, with clay,
Btony. Second water,

r water level 24 feet
Clay, yellow
Sand and gravel, fine to

coarse, with c1ay.
Thlrd water

Clay, yellow
Sand and gravel, fine to

coarse, with clay.
Fourth water

il'ay, yellow
Sand and gravel, fine to

coarse, loose. Flfth
water, water level
27 feet

Clay, yellow, with fine
to coarse sand and
gravel. Sixth water,
water level 23 feet
6 lnches

Clay, yellow, hard and
stlckY

Sand and gravel, fine to
coarse, wlth clay.
Seventh water

Clay, yellow
Sand and gravel' flne to

coarse, loose. Eighth
uater

2Ol19-lOaaacl

Soil
Granite, decomposed,

clay
Granite, decomposed
Sand, dry
Granice, decomposed,
Granite, decomposed,

sand

20l19-1lcdab
Sotl
Clay
Sand
Clay, yellow
Granite, decomposed
Clay, yellow

on Sand, hard
;; Boulders and clay

Clay

2Ol L9-L4abbc

100 Topsoil
Clay, yellow, sandy, with

snall gravel to 2 inches
Clay, brown, sandy
Clay, brown, sandy, wit.h

115 snall gravel ge Lu inch
Clay, yellow, hard, wlth

145 gravel 3e Lu inch mixed
Clay, yellow, sandy, sofc
Sand, coarse, witlr gravel

160 ro 3/8 inch mixed with
185 yellow clay

Sand, coarse, wlth snrall
gravel gs !i, lnclr

f87 Granlte, weathered,
becomlng lrarder

38

7
5

7
5

5
10

55
65

72
77

82
88
89

118

and
79

6
I

hard 29
and

2

45
50

6
13

32

43
46

120

2
75
77
91
95

108
115
118
L20

2

2
73

2
L4

4
13

7
3
2

4
7

19

1l
3

15

30

13
5

r5
25

88

90

120

-r



o
Table 20.-S"f".r"a a.iff"rr (conrinue<l)

l{aterial
Thick-
ness Depth Haterial

Thlck-
ness Depth

2Ol19-15aaca

Granlte, broken
Granite, gray
Basalc, black
Clay seam
Granite, gray
Clay, sandy
Granite, rot,ten
Granite, gray
Clay crevice, sandy
Granlte, gray, hard

20l19-t5ucac

Topsoll
Clay, heavy, and sand
Clay, sand, and broken

rock format,ion
Clay, sand, gravel, and

broken rock (some
water)

Clay, hard, dry, and
shale

Clay, sand, and broken
rock formation

Wat.er-bearing
Rock, hard

2LlL8-24aabd

So11
Granl.t,e, decomposed
Clay, sandy
Sand
Clay, sandy
Sand
Clay
Sand
Clay

2Ll l8-25ab<1<1

Clay and shale
Sand, ftne, uater-bearing
Sand, coarse, water-

bearlng

2ll18-25bbbc
3 Topsoil

55. clay
72 Sand, coarse t.o fLne,
80 water
92 clay, brown

110 Sand, coarse to fine,
115 water
145 Clay, brown
150 Gravel, medium, main
L82 wat.er

Clay, brown

t zLlL8-25aadb
38 Sandy loam

Clay, yelJ.ow
L26 Clay, blue

Clay, blue, with fine to
coarse sand, fine mica.

f58 First water, water level
63 feet 6 inches.

2O7 Litrle water
Sand, fine to coarse with

360 blue clay. Second
4O2 water, little water
408 Sand, flne to coarse wittr

4
L2
94
95

128
L29
138
r48
150

. sater lO
Sand, iine to coarse, a

little gravel wirlr blue
l2f clay, f ine ruicir. l{ater lO

blue clay. Third
water, nater level
64 feet lO

Sand, fine to coarse rritir
blue clay, a little
gravel. Fourth wilter,
sater level 64 feet
5 lnches lO 115

Clay, blue wlth fLne to
coarse sand. Fifth
LEEET

Clay, blue, hard, stlcky
Clay, blue with f ine r<r

coarse sand. Sixtlr
gater, lrater levcl
64 feet

Clay, blue, hard, stlcky
Sand, flne to coarse, a

llttle gravel with blue
clay, fine mica. Seventh

feet fee t

3
52
L7

E
L2
18
)

30
)

32

49

r53
42

6

4
8

82
I

33
I
9

10
2

55
27

1l

feet, feet

93
105

L20
153

L73
L75

105

145
r50

160

170

I
79

l3
L2

15
43

10
2

15
45
l5

I
80

4
34

88

32

15
60
75

85

95

lo

10

55
82

L25
130

to
5

15
5

93



Thlck-
ness

Thick-
MaterLal Depth l{aterlal Depth

Table ZO.-S"f""t"a ariffe.r (continued)

feet feet

.4
29.6

2

30
138

L22
8

140
6

52
7

l5
2
6
I

l1

ness
feet feet

21l18-36ccda

Soil, black loan
Clay, yellow
Sand, water strata
Clay, yel1ow wiEh sand
Sandy formation with

sone yellow clay
Clay, blue
Sand, fine with blue

clay formacion
Clay, blue

2LlL9-5aad

Soil, sandy loam
Granite sand, fine

mLxed nith a 11ttle
yellow clay

Clay, yellow wlth sand
Gravel straca (seepage

water 6 inches) at
170 feet. Yellow clay
with dand. Gravel
strata (seepage water
at 292 feet)

Clay, yellow with sand
Sand gravel straca,

black, almost llke
the Truckee Rtver sand

21l19-_15bcdb

Clay, sandy
Sand, loose
Clay, sandy
Rock, yellow, hard
Rock, white, soft
Crevlce
Rock, hard
Crevice
Rock, solld

21l19-15cbad

Sand
Sand and boulders
Sand and srnall' boulders
Sand
Sand slth small streaks

of gravel

21/19-15cbad (conrinued)
5 Sandr flne, and streaks

27 of water sand
27.4 Water sand, coarse
57

21l19-19bacc

Clay, sandy
Sand
Clay, dry
Sand
Clay
Sand
Sand and clay lense

2 Sand
Clay, sandy
Sand

32 clay, sandy
170 Sand

Clay, sandy
Clay
Sand and ttp..tt gravel
Clay
Sand, coarse

292 Clay, sandy
300 Sand and ttp."tt gravel

Clay
Sand and "pe"tt gravel

300

140
L46
198
205
220
222
228
229
240

21l19-2ldacd

Clay
Gravel and clay streaks
Cobbles and clay
Clay
Sand
Clay
Gravel
Clay
Clay wlth thln layer of

sand
Sand rock

5
22 20 140

10 150

28 85
10 95

15 110
5 1r5

16
8
6

40
20
20

135
15
45
15
20
20
45
10
45

5
20
30

100
L2

2L3

16
24
30
70
90

110
245
260
305
320
340
360
405
4L5
460
465
485
515
615
627
840

L2
38
44
51
53
65
6t

LLz

203
275

L2
26

6
7
2

L2
2

45

91
72

O 30 30
20 50
30 80
20 100

20 120

r22



.

Ieble 2q.-S"l"cted drlllerst loge3!39.!!g (contlnued)
-9

llaterlal
Thlclc-
ness Depth Haterial

Thl.ck-
ness Depth

. .: ' 2!L9-22bcdc 2Ll Lg-30ddda (concinued)

Clay, hard streaks
Granlte, tight, riediun-

hard
Cenented, hard
Gravel, falr
Clay, tough
Gravel, fair
Clay, tough
Gravel, no good
Clay, tough
Gravel, falr condltlon
Clay, tough
Gravel
Glay, tough
Gravel, loose
Clay
Gravel
Gravel, cemented 4L8-42O
Clay, tough
Gravel, loose
Clayr good
Gravel
Clay
Gravel and clay streaksr.

blue clay
Gravel, loose
Clay
Gravel, hard streaks
Gravel, loose
Gravel, ti.ght, mediun
Shale.
Gravel, hard streaks
Gravel, loose
Gravel and clay streaks
Shale, clay
Gravel, hard streaks
Clay
Gravel, tlght
Gravel and clay
Clay
Gravel, hard streaks
Clay
Gravel, tlght
Gravel, loose
Gravel, tlght
Glay

t23

. Clay
Sand

'-. CLay
SaDd-" Ctay

- Sand
." Clay
_-'. Sand

Gl.ay
. Sand

15
1

.3
3

L7
2v

36
5s

8

L7
23

3
150
10

2
10
L7

16
L7
20
23
40
42
76

LLz
L67
L75

L92
2L5
2L8
368
378
380
390
407

522
525
600

L4
60
70
83
95

110
L28
139

15
L45
156
180
r87
2n
246
2s6
263
268

L4 282

315
3v
337y5
348
356
353
377
387
390
394
405
4L2
4Lh
418
427
43L
43s
446
457
462

482
490
500
506
516
526
531
556
56r
57L
576
601
603
626
631
64r
67L
676
581
686
701
706

and clay layers

34
18

3
8
3
I
7

L4
10

3
4

11
7
2
4
9
4
4

1l
11 '

5

20
I

10
6

10
10

5
25

5
10

5
25

2
23

5
10
30
5
5
5

15
5

14
46
10
13
L2
15

.18
2

15
130
ll
24

7
43'16
10

7
5

t) :
f .: --

i'a"
-: 'l

Sad, gravel,
, layers
Sand
Clay
Sand and clay
.Clay, stlcky
Sand

. Clay, stlclcy,
-Sand

,'Sandr gravel,

and clay

layers

hard

and

:,

; -' Layers
, Boulders

SaEd .and gravel

2LlL9-23adbb

. Sand, loose
. Sand and clay

Saod, coarse' CLay, aandy
Sand and gravel
Clay, eandy -

Saod, coarse

91"Y
' 2U19-30ddda

clay
115

3
75

' Clay and gravel
.Granlte sand
CLay
Granlte sand
Genenced
Glay and sand
Ceoented' hard' ClaY
Gemeoted' hard
ldedtr.n hard



Table 26. selected drlllersf logs of wells (continued)

Thick- ltaterial
Thick-

ness Depth
Materlal ness

feet
Depth
feet feet feet

3U19-3lcccc
Clay, sandY 22

;7;i', sclclv 24

at;i', brltti-e (ash) 2

al;i', sElckY 53

ci"i; blue, tough 51

iiay'wrtt brittle streaks
of claY 84

Glay, tolgtr, with soft
spoEs 89

c1;;, tough 27

Gravel 28

CIaY 7

Packed hard, not water-
bearing 5

c1;;, brittle (soft shale).7
ii"y, "ort 

50

Granite sand, loose, not--;; aquifer 18

CIaY 3

i""i ""a 
gravel, loose L7

CIaY 19

Sand 4

iiay, tara 20

ir"y, ""rt 
20

ir"y, t.ta 53

Gravel, loose 24

iity, itt' 1l
Gravel, srnall and fair

condltlon 12

ClaY 44

C1aY, brlttle (shale ln--"iiyl to
ctay 20

i""i ""a 
gravel, loose 52

ClaY
i"r,i ""a 

gravel, loose 18

;i;t' toulh 5

;i;;: iediurn hara !1
;i;i: sanclY, sort 18

ClaY wlth some sand 
20

22
46
48

101
L52

236

325
352
380
387

392
399
449

467
470
487
506
510
530
550
603
627
638

650
694

704
724
776
783
801
806
850
858

985
996

1,003
1,005
1,020
1,055
1,170

5
8
9

28
29
42
66
70
72
90

LLz
L57
180
192
202
2L6
248
252
268

297
304
382
383

4L2
4L4

itltg-1t.""" kontinued)

Shale, uredlum hard
Gravel, loose
Gravel, tight
Clay
Gravel, loose
Clay, tough
Shale, hard

2]-lL9-34bbab

CIay,
ClaY'
Sand
Clay 'Sand
Clay 'Sand
Clay
Sand
ClaY

sandY
hard

brown

brown
and claY laYers

20
11

7

2
15
35

115

)
3
1

19
I

13
24

4
2

18
22
45
23
L2
10
L4
32

4
16

ClaY, graY, soft
Clay, brown, sticky
Sand and claY laYers
Clay, light graY
Sanh and claY streaks
ClaY, brown
Sand wittr chin claY laYers
ClaY, brown, stickY
Sand and gravel
Sand, gravel, and claY

streaks
ClaY
Sani and claY streaks
Cobbles
Sand, gravel, and claY

sBreaks
Boulders
Sand, gravel, and claY

streaks
Granlte

29
7

78
1

29
2

3

77
lo0

85

| ^r streaks
iI claY-. ^ '2, 

- 
Gravel, loose
claY i

:?9 22lle-18dd

;;; soll, sandY loam

;;; Sand nixed wlth Yellow
g37 clay
gZs :ff: {il'"""

^ it.ir"r' loose 7

" ClaY 28

4L 455
3 458

80
180
265

(-
L24



-- Table 20.-S"fu.c"a a"if f"tr (continued)

Thlck-
ness

Thick-
!(aterLal Depth Haterial Depth

feet feet
ness
feet

I,i

2U19-3lcccc
Clay, sandy
Clayr sticky
Clay, brlttle (ash)
Clay, stlcky
Clay, blue, tough
CIay with brittle streaks

of clay
C1ay, tough, lrith soft

spots
Clay, tough
Gravel
Clay
Packed hard, not water-

bearlng
Clay, brittle (soft shale)
Clay, soft
Granite sand, loose, not

good aquifer
Clay
Sand and gravel, loose
Clay
Sand
Clay, hard
Clay, soft
Clay, hard
Gravel, loose
Clay, flrm
Gravel, small and fair

condltlon
Clay
Clay, brittle (shale ln

clay)
Clay
Sand and gravelr loose
Clay
Sand and graveL, loose
Clay, tough
Clay, medium hard
Clay, sandy, soft
Clay wlth some sand

etreaks
Glay
Gravelr loose
Clay-Gravel, loose
Clay

89
27
28

7

5
7

50

18
3

L7
19

4
20
20
53
24
11

22
24

2
53
51

84

22
46
48

101
L52

236

325
352
380
387

392
399
449

467
470
487
506
510
530
550
603
627
638

550
694

704
724
776
783
801
806
850
868

Clay,
Clay,
Sand
Clay,
Sand
Clay,
Sand
Clay
Sand
Clay

2LlL9-3Lcccc

Sha1e, medium
Gravel, loose
Gravel, Eight
Clay
Gravelr loose
Clay, tough
Shale, hard

2LlL9-34bbab

(continued)

hard

feet

20 985
11 996
7 1,003
2 1,005

15 1,020
35 1,055

r15 1,170

5
3
I

19
I

13
24

'4

2
18
22
45
23
L2
l0
L4
32

4
16

5
8
9

28
29
42
66
70
72
90

LL2
L57
180
L92
202
2L6
248
252
268

297
304
382
383

sandy
hard

brown

brown
and clay layers

CIay, gray, soft
Clay, brown, sticky
Sand and clay layers
Clay, light gray
Sand and clay streaks
Glay, brown
Sand with rhin clay layers
Clay, brown, sticky
Sand and gravel
Sand, gravel, and clay

streaks
Clay
Sand and clay streaks
Cobbles
Sand, gravel, and clay

atreaks
Boulders
Sand, gravel, and clay

streaks
Granite

L2
44

10
20
52

7
18

5
44
18

20
26
8
I
7

28

4L2
4L4

4s5
458

29
7

78
1

29
2

4L
3

888 2zlLs-Lsd4
9L4
gZZ Sol.l, sandy loam
93O Sand qixed wlch yellow
g3l clay
965 Clay, yellou

Clay, blue

L24

80
180
265

3

t7
lo0

85



+ Table 22.--Ceneralt"ea fogs .

(lluurbers 1n parentheses are U.S. Geological Survev field numbers)

Material
Thlck-
ness Depth l,taterial

Thtck-
ness Depth

(fee t

20/19-5bbab (14)

Sllt and sand
Clay, sandy, brown,

drllllng cased at
16 feet

Clay, sandy, wet

20l19-6aabc (8)

Topsoll and gravel
Sand, clayey, some

gravel

20l19-9bbba (27)
GraVel and sand
Sl1t and clay, red-

brown, drllling
cased at 15 feet

Sand and clay, rgd-
brown

21l18-36addb1 (2)
Clay and silt, dry
Sand, damp, wet aE

12 feet
Clay, brown
Clay

21l16-36addb2 (3)

s11r
Sand

2ll19-19cada (6)

Sllt and sand, drllling
eased at 10 feet

Sllt, sand, some gravel
Sand and clay, lnter-

bedded

2llug-zobd,cd (4) /
t""d, ""r".!tlt, hara

dr111lng
Sand and sllc
Clay and sand, soft

drtlllng at 50 feet

2L/Lg-z}dbda (5)/
Sand
Sand and gravel
Sand, damp, bror.n
Sand and sllt
Sand and clay
Sand and gravel
Sand, clayey

21119-2ldcdb (21)
Sand, tan
Sand and gravel, tan
Sand
Sand, cemented wlth

clay
Sand and clay
Clay, sandv, drl11ir.g

cased at 68 feet
Clay, sandy, and sand,

red
55fieta5\-

2LlL9-22bdL$L (1) u/
clay, dry 10
Clay, damp 15
Sand and clav, lnter'-

beoded L25
\.r5

2l/L9-22badb2 (L9)

10
10

L7
27

7

27

7
15
10

5
35

5
10

40
I

19
I

L1

3

7
22
32
37
72
77
87

7
27
37

46
52

72

77

7

20

22

42

15

20

7
20
10

9
6

2C

10
25

r50
L4
85
45

7
22
26

7
l5
4

6

20
105
r50

E

5.5

Clay, dry
E clay, damp

13.5 Clay and sand

2llL9-24abcc (24)
Sand, s11ty,
Gravel
Clay, sandv,
P.ock
Clay, sandy,
Gravel, rock

dry hole

10
1

31 42

10
11

32
47

tan

dark brown

brown
at 8O feet,

40
41
60
61
75

80
1

^
- 32

l5

67

125

20



o
Thlck-

t{aterlal ness Depth Materlal ness Depch
(feet) (feE!) (feet) - (feet)

\rlJ

x

t'fn

\ o$€r- €rne

21 1.^t-t*)
2llL9-26cccd (26a and b)

Sllt and clay, tan
Sllt and c1aY, sandY
Sand aod sIlt, graYish-

tan, lnterbedded

21l19_27bcbg (18)

Ctay, silty, brolrn
Clay, sl1ty, tacish-

Sreen
Clay, blue-graY
Clay, greenlsh-graY
Clay, red, tlght'

stlck-v

27/L9-27dcza (17)

SlLt, clayeY, brown
Sllt, drtlling cased

at 20 feet
Clay' brown
Clay, blue

ZLlL9-28aabd (22)

Sl1t and clay, tan
Clay, brcwr.
Clay, gra,v-green
Clay ' graY-bror.n

2t/L9-.28ba<ta (10)

Sand
Clay, sandy, browr
Clay, sandy' llght

brorn
Glay, sandyr tan
Clay, alLtY'
Clay
Sand

frj_l9-28carie (9)

Sllt at'.d claY, brown
Clay' brorn
Clay, graY

2Ll19-28cbcc (11)

Sand, c1ay, and ellt
Clay, sandy, brown
Sand anC clay, l!.ght

t rctm
Clay, eandy
Sand

ZLlL9-22caab (13)

Sl.lt and c1ay, sone
eand

Clay, browrr, sandY,
eome gravel

CLay, sandy, brot"rt

?WU!""b- (12)

Clay, sandy, brctrr
Sand and gr:tvel
Sand, brown
Sand and clay
Clay, sandy, red-brown
Gravel, clay
Gravel, rocks, and claY
Clay, drlll.lng caeed

et 70 feet
Saad and cla,y

21i 19-30ca-cb (7 )

Sllt, eaod, and claY
Sand and clay

2LlL9-32acaa (25)

*ta,
Sand,
Sand,
Sand t

tan 17
brown, clayey 15
ellty, brown 28
t'eci 2

L2
5

45

27

10
2C
20

8

L2
t7

62 37
52
53

7
15

15
15

1

T2
42

7
L2
L7
37
42
52
62

70
84

5
30

7
5
5

2g
5

10
r0

8
l4

L7

5
15

5

77
20

5
E

7
L7

22
42
72
79
82

L7
43
52

27

37
57
77

E5

L7

22
37
42

l7
37
42
5Ct

LZ
l0

L2
L'

ot

I
I

;

t7
32
60
62

7
r0

3
20
30

7
3

t7
32
37
47

61

L7
2E
I

Un24zb^!! (23)

Sand. 17
SanC'and gr.'vel 15
Sand and large. gravel 5

Sand, darp IC
Glay, baady, drtlllug

at 47 feet L7

l2(,

(



Ihl'cL-

, 2ll19;33ddbd (15)

Clay, tandy

3f4l-!!s.b. (re)

So11, eandf
Clay, randy

2rlL9-34badb (zO1

Clay, ellty, and aand I 7
Glay, allty, brown 5 12Sllt, clay, and aand 5 Ll

; Clay, brorn, allty 10 27
Clay, grey-green S 32

66
17

30 37

77
15 22

_J

L27
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APPE}IDIX I T

Ttris appendix present,s a method for estimating maximum sustaLned

vlthdrawals in ground*raEer baslns developed under a perennial-yteld

concept: Th" perennlal yield of a ground-water reservoir has been defined

as the maxi-num anount of water of usable chernlcal quality that can be

rlthdrawn and consumed legally and economically each year for an indeflnLte

perlod of time. Generally, only part of the water purnped ls consuned in

use; the remainder may be returned to the ground-uater reservoir and ls

available for reuse. However, mosE uses result ln some deterLoration in

€ter quallty, and recirculatlon eventually leads to a deterioration in

quality of punped rJater. In arid areas, such as Nevada, demand for water

comonly exceeds the readily available perennial supply. Consequently,

one alEernative receiving increased consideration ls to reuse water as

nuch as possible and maintain satisfactory chemical qual-ity by water treat-

meot. This appendix develops a method of estirnatlng the maxlmum rate al

shLch water (includlng recirculated warer) rnight be withdrawn from a ground-

water reservol.r without exceedlng the perenntal yield.

' The following terms and symbols are used:

PY-perenntal yield

R=part of wlthdrawn water Bhat is recirculated, expressed as
a declnal fractlon

Qr.*-ruaxl-mum annual race of wlthdrawal wlchout exceedlng
perennl.al yleld

Foa reuse factor

Qrpart of withdrawn water ttrat ls consumed, exPressed as a
decfunal fractlon.

_r--
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lJhen water l.s use<|' a certal.n part, R, fu not consurle4 and

retums to the ground-rrater system. If the quant.i.ty wl'thdra,rn equals

the perennlal yleld, ttie anount returned to the ground-rrater system

equale R(py). lJhen the quantity R(PY) is withdrawn for reuse, the

atro.,,rr relurned equars only n3(py). wtren the quanriEy n2(py) is

slchdrawn to be used a third time ttre anount returned I's only equal to

R3(py). Thls process can contlnue indeflnltely with an ever smaller

quantlty of reEurn flos arrailabl-e for reuse. The maximum possible

rateofsrrstalnedpumplngshouldequaltheperennialyieldplusthe

totalqudrtityofreturnflow.Ttrl.srelatlonmaybestatedmathe-

natlcally as follows:

Qnax = PY + R(PY) + R2 GY)

Thls slnPllfies to:

Qma-'c=PY(l +R + R2 + R3 + . . . R-)-

R' le a geqoetrlcal progresslon wltose
llowever, R

errm eguals 1-R

Ttreref ore: Qs'.x

If the following

+R2+R3+.
R

.P
= py (1 + r---R).

substltutlon ls madeS F = 1 *R'l-R

r')

thenQr"*-F(PY)

lfttlsdeslredtouseconsumpBlon|'nsteadofreclrculation,

1-crRnaYbesubstltutedinequatlon(1)whlchthensimpltfles
PY

Qrax - T
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Equation 2 is

wlth figure A1-1.

a simplified form

Flgure Al-1 shows

of equation 1

the relatLon

deslgned to be used

between the part of withdrawn

I

+
I
I

(r

Flgure A1-1.-following here

water that ls recirculated, R, and Che reuse factor, F. For exanple,

lf a basin ls go be developed for agricultural PurPoses, perhaps one-

t1.lrd (33 percent) of wlthdrawn water ls expecEed to be recirculated.

Flgure A1-1 lndicates a reuse factor of 1.5. If the perennial yleld df

'the basin was abouE 1,000 acre-feeE per year, then the maximum sustalned

withdrawal under a perennial-yield concePt would be about 11500 acre-

feet per year. If the same basln were developed for municlpal purposest

perhaps 60 percent of the withdrawn rtat.er would be recirculated (thts

assumes that sewage could be satisfactorily Ereated and che effluent

returned to the ground-water system). In this case' the reuse facCor

ls 2.5, and the maxinum sustained wiEhdrawal would be about 21500

acre-feet per year.

the relation shown ln flgure A1-1 has a limit in praccical appllcatlon.

The matirematically computed rerrse factor approaches lnfinlty as the

percentage of recirculated water approaches 100. In acEuallty, tl'ne

lag and local overdraft woutd prevent the theoretlcally posslble reuse

from belng attalned under condttlons of high reclrculatlon. The llmic

of practlcal appllcatlon ls not known, but effectl.ve appllcatlon above

80 percent recirculation ls doubcful- .:
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APPL\DIX II

Ttrlsappendl<descrl'besaraethodofevaluatl.ngthenetdiversionfrorn

EheTruckeeRiversysEem'ifirnportedwaterwereusedconjuncElvelywith

groundwaterandiftreatedsewageeffluentwerereturnedtotheTruckee

Rl'versysten.Inthissltuation'gaterirnportedlntoLemmonValleywould

besupplementedbygroundl'ater,ptrnpedatrhenaximunrpossiblesustained

rate, to provlde the water supply for the area' A single sewer systen

would serve the entlre area- Part of the total wacer supplied would flow

ro E;:t79"-tt;i:ffilto. .t""Eed' and returned to the Truckee River systen'

Thererralnlngpartofthewatersuppliedr.'ouldbeusedoutsideoflrouses'

prlnarlly to lrrigate lar^'ns' part of which would infilcrace to recharge
lmPorced rtater

the ground-water sysrem. Recharge ii;7"""rd augnent the perennial yield'

Groundwaterwoul<lbewitlrdrawnfromthevalley-fillreservoiratthe

maxlmum sustalned rate permitted by the augnented yiel<t and the amounE of

rec irculation.

The following terms are used:
,I

t t'I = imPorted water

E - ExPorted waEer

PY ' Perennial Yield

g r part of lmporcoq Plt''t.P:1lt^1r:*er shat is recirculated'
expresse.l as a decimal fracclon

g r part of import"q p1t".P".1P-:1r:1ter that ls consumed'

expr.'ssed as a Cecinal f racr'lon

ND'Net dlversion frour the Truckee River systenl also

equals I - E

AY - Augmented Yield = P'r,. + Rl

F-ReusefactorforrecirculationofR(seeAppendixl')

anax-l{axinurnpossiblesustainedrateofground-waterPunpaS,e
equals:

r)
tirat Is ergorted,

a

i

t.
I

I

l|
t
I

I
I

I (see APP,:ndlx

purnped uater
Iraction.

F (P\' +. Rr) ;

S - parc of inPorted Plus-- lit,t.used is a decinal
r36
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To: RVAIIHOOZ€WASHOE
Copies-to: Jinllarrill€aol. com
Date-posted: 1O-Feb-99 10:00:39
Sender: Jinttarrill€aol.com (JinHarrlll)
Date: 10-Feb-99 12:51:55 -O5OO
From: ilinllarrlll€aol. cou (illnltarrlll)
Subject: Re: I€nnon vall.ey l{odel
o-sllTP-Envelope-From: <JLnllarrill€aot. coD)

Randy -- The working copies of the well logs that were used in the Lemmon
VaIIey report should be stored in the USGS data files for the Lemmon Valley
Hydrographic Area. Hopefully they have all eurvived, however there is a
chance that EoDe data nay have been loet over the years.

The logs docunented in table 26 are rcleaned and editedtr versions of drillers
Iogs obtained fron the State Engineer. If copieE are not in the USGS Lemnon
Valley flle there are tso options 1) the USGS has a duplicate set of the State
Engineerrs Loge and 2) you can go the to state and and pulI then again if
needed.

The logs documented in table 27 are test wells augered by the USGS. They are
not on file at the State Engineerrs office but the original field notes should
be on file at the USGS. If they are gone then the only backup is the
infornation published in table 27.

The original field schedules for the neasurements reported in table 24 should
be on file at the USGS. The location descriptions that I nade at that time
were not as conplete as those nade for later projects (learned the hard way
when I tried to revisit sites after the menory got fuzzyl, however the
descriptions should be of some help and it would be good to know the measuring
points and assigned heights used for the early meaEurements.

An looking forward to working with you. CaII or email if you have any
questions.

Regards -- Jin
HarrilI
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Radio Tower Well
Off Chickadee

Hoc (ft):
Elevation:

0.66
4980.37
4979.71

DATE READING WATER LEVEL
(feet below ground)

WATER
ELEVATION

04t07t92
05t12t92
06t08t92
07t09t92
08t11t92
09t14t92
10t26t92
12/01t92
01t26t93
02t25t93
05/05/93
06/09/93
07t21t93
09t07t93
10111t93

11t18t93
12t29t93
01125t94

02t25t94
03t28t94
04t29t94
05t25t94
06/30/94
07t27t94
08t25t94
09t29t94
10t24t94
11t29t94
12t22t94
01t27t95
02t24t95
03/31/95
05t12t95
06/09/95
07t14t95
08/09/95
10/05/95
02t14t96
04/09/96
05/31/96

97.1 9

102.00
98.00
98.40

97.73
97.93
98.06
98.13
98.51

98.63
98.83
99.02
99.26
99.90
99.60
99.81

99.90
100.56
100.25

100.36
100.50
100.56
100.76
100.90
100.98
101.23
101 .33

101.54
101 .61

101.72

101.75
't01.92

102.04
102.24
102.30
102.42
102.72
103.23
103.22
103.65

96.53

101 .34

97.34
97.74

97.07
97.27
97.40
97.47
97.85
97.97
98.17
98.36
98.60
99.24
98.94
99.1 5

99.24
99.90
99.59
99.70
99.84
99.90
100.10
100.24
100.32
100.57
100.67
100.88
100.95
101 .06

101 .09

101.26
101 .38

101 .58

101 .64

101.76
102.06
102.59
103.56
102.99

4883.1 8

4878.37
4882.37
4881.97
4882.64

4882.44
4882.31

4882.24
4881.86
4881.74
4881.54
4881.35
4881.11

4880.47
4880.77
4880.56
4880.47
4879.81

4880.12
4880.01
4879.87
4879.81

4879.61
4879.47
4879.39
4879.14
4879.04
4878.83
4878.76
4878.65
4878.62
4878.45
4878.33
4878.13
4878.07
4877.95
4877.65
4877.12
4876.15
4876.72



08/01/96
10t15t96
12t04t96
02t13t97
04t24t97
05t20t97

103.81

104.07
104.25
104.64
104.82
104.81

103.15
103.41

103.59
103.98
1 04.1 6

104.15

4876.56
4876.30
4876.12
4875.73
4875.55
4875.56



APN: 80-710-11

top of well

COMMEMTS

measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape

measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape

measured with steel tape
measured with steel tape
measured with steel tape

measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870

measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870
measured with Waterline 300
measured with Waterline 300
measured with Waterline 500
measured with Waterline 300
measured with Waterline 300
measured with Waterline 300
measured with Waterline 300
measured with Waterline 300
measured with Waterline 300

measured with steel tape
measured with steel tape


