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706 North Plaza Street
Carson City, Nevada 89701

PLEASE DO NOT RELE"ASE
BEFORE: May 18r 1990

NF:$l RFPOR.F ('IN GRCITT{N-WFTE'R RE:SNITREE'S

OP HONT:Y LAKE VAI.AEY'

Adequate ground-watet supplles are probably avaLlable in ttoney Lake Valley

to help se:rye the growing popuiatLons of Lassen and Washoe Countiesl'accordlng

to a new report fromthe U.S. Geologlcal Survey (USGS)r DePartment of, the

Interlor.
;, prepared Ln coopeaatl.on wl.th the Califoinla Departrent of,. fhe reporl

glatcr Regoutces'and the Nevada Dlvlsl,on of t{ater Resourceg as Part of, a 3-year

'USGS-State cooperatl.ve prograri, asreste! the availablllty of ground-water

resources in noney Lake Valtey.

. ElLnor Handnan, USGS Hy&olog!.st and senlor author of the ieportr saLd

tbat only part of tbe valleyri grround-nater recharge from ra:ln and mslted snow

.Lg currently pumped. Estlnated aanual recharge to the aquifer system from

precJ,pltatlon, streamflow lnfLltrat,:lonr' and irrlgation.water is L30r000 acre-

feet.
Results of the study lndlcate that a proposed annual withdrawal of 151000

acre-feet of ground nater from the Nevada part of Honey. Lake Valley eventually

could affect water levels and ground-water flow at the dallfornLa-Nevada State

]'Lne.

Irrrtl Iffi-
------

.- -,

FOR FT'RTIIER INFORMATION
COMIACT: Elinor Handnan

' PHoNEz Q02l 88?-?500
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fbe report LncludeS Lnf,ormatl,On about the gourcest movefirentt amountg

availabler and uses of ground rratet l,n the valley. It provides eeparate

gfround-$rater budgets f,or the entire study area and for .the eastern Partr

and surnarizeg the PotentLal hydtglogic eff,ects of increased develoPment

ln the eastern Part of the area.

The 12g-page report, titled oGround-water Regoutces of, tioney Lake Valleyt

Lassen county, callf,ornLar and washoe countyr.Nevadar' by Ellnor H' Handrnant

Clark J. londquj.st,, and Douglas K. Uaur'er, has been released as U'S'.Geo1ogical

Survey lfater-Resoutces Investlgatlons RePort 90-4050. C6ples are avaifable

for :lnspectLon Ln CalLfornia at the CalLf,ornia Departnent of !flater Resources'

Northern DLstrtct of,fice, Ln Red Bluff 12440 ltaln 9t.); the usGS DLstrlcd

Offlce l'n Sacanento (2800 Cottage tfa!) r' and the Lassen County Free Ll'brary

lnsusanvl.lle(CourthouseA$nQ3).CopJ'esarealsoavailablef,orinspectl.on
Ln carson !tty, Nevada, at the offlces of the Nevada Division of, 9later

Regourceg (123 w. Nye Lane) and t}re U.S. GeologJ.cal Survey (?05 N. Plaza St.r

Room ?24|, and l.n Reno at the llashoe corrnty l.ibrary (301 s. Center st ).

.. A photocopy of the repott.may be pirrctrased fron ttre U.S' GeologLcal

.Suwey, Books and open-File RePorts section, Federal center, Box 25425,

Denvea, CO 80225. . CaIl (303) 236-7476 for ordering information' The

f,orual, prlnted vers:Lon of the lePolt will be avaLlable j'n the near future'

*** uscs **t
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In tbis report, osea level' refers to the National Geodetic VertLcal
Datum ot:.gZg (fiGvD'ot-igZgl, wbich is derlved f,rom-a general adJustnent of
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GROUIID-WATER RESOI'RCES

r.AssEN couNrY, . CAT,xFORNTA'

OF HONEY I'AKE VALLEYT

AltD WASHOE CO['NTY, IIEVADA

AESJTBASI

ttoney Lake valley is a 2r200-sguare-mi1e, northwest-trendJ.ngt
topogiiprriciffy closed basin ibout gS nites northwest of Reno, Nevazla.
Untoisoiidated basin-fill deposits 6n the valley floor and fractured
voLcanic rocks in northern a-nd eastern uplands are the principal aquifers.
c;;Ga "aie"'in the Nevada part of, the basin is beJ.ng considered as a
p-tential source of, public iupply to the Rgno- a!ea. Thl'S rePort describes
Lhe g"otttrd-water res-ources ot- Lfre basia and the Potentl'al hy&oIogj-c
effeEts of ground-water develotrrment in lts eastern Patt.

DurJ.ng an average year, about 1.1 nilllon acre-feet-of precLpitation
fall.s on tf,e 1r?00-s[uale-mile study area within the valleyr and an
estimated 86rObO acee--feet enters the study alea as streanflow in the Susan
*iver and f,ong Valley Creek.. Alsrost 90 percent of, this Itater runs off,t
evaporates, oi is trinspired by plants before.it can infiltrate and become

,g=o-und-*ater rechatget Lfris tnEtudes sbout '130'000 agry;fget per-year that
ieaches Honey Lake is surface-wat,er inflow. About 1301000 acre-feet
recfri=ges tb-e aguifet system annuallyl abogt 40 percent-_by direct
intittiation of -preciptlation over the study area and about 60.percent by
lnf,iltration of itreaittow and lrrJ.gatJ.on water. BalancJ.ng this is an
egual amount of ground-rdate! .r{schaTger of, which about 65 percent
.eiipo"ateg frour fhe water table or ii transpired by pbreatoPhlt'es, about 30
p"ii""t is withd,rawn from wellsr and about 5 percent leaves the basin as
iubsurface outflow to the east.

. A ground-water f].Ow modeL of, the eastern Part of the.study a'rear where
withdra;a1s for pr:bllc supply have been proposedl wag uged to evaluate
corrq)onents of thl water Uuaget and to estisnte the long-tg:m- hydrotogic
eetl*s of hlpothetical incieased developrneT!. Results of, the evaluati-91
i"aiciie con&itions under wbLch a new eguifiUrium would be established if
iSrOOO acre-feet of, water were wLthdrawn frosr the Fish Springs Ranch area
iniruauy. The rnodeL indicates tlrat, as a -result of such an increase in'
pr:rnpagel water levels would decllne more than 100 f,eet frorn present (X988)

levefs in the r'ici"iiy of, tlre pr:rying7 and-as much as 40 feet it ttre
Cififornia-Nevad' Stale line. -Evipotransplration and subsurf,aee outf,low to
itt"-east would each be reduced by -arbout 60 percenlr but hydrologic effects

"o"fa G rinito"l at the western bouadary of the f,Iow-rnodel area (just east
oi ttoney Lake) .. ffitbin the urodeled area, t-tre si.mulation indicates that the
Inciiisa,a witirdrasals nould cause the net flow of ground water eastward
acroes the.State line to increase fron about 700 acre-f,eet Per yeal to
about 21300 acre-feet Pet Yeat.

By Eli-nor tl . tlssrrrnan, Clark .7. Londquistt

and Douglas K. 'ltaulet
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The Reno-Sparks area La west€r:r Nevada is one of the fastest growlng
popufi-ion ceatlrs in the united States. Nearly all economj'cally available
ioigace watet has b€en allocated, and as d€veloPnent continues, so does the
denand f,or water. The principal water-utility corPany in^the area lras
Ldcnt.j,fied, an aquJ.fer slstcn in ttoney Lake Valley, about.3? .i northrcst of,
ieno-Sparks, ar a possi6le source of ratcr for the two cities and foa the
Gf"coiporaied areis of washoe County (ttestpac Ut,ilitiesr 1989) . As a
iei"rtr'tbe county bas eatered Lnto I pub1J.--privat€ vGtltuse with wcstern
tfater ievelopnant Co4any to develoP thc Potential recource.

Decisions about develolnent of the Erouad-water r€sources in Hgney
Lake Valley are coqrlicated- because. only +99! one-flfth of the &ainage
iiei $ Ln'revaaa, iad four-fl,fths Ls J'n CatitornLi. Develolnent of the
aquifer syst€gl prirUaUfy will aff,ect tbe guan!:..ty of _Lnterstate flow, and
water transportia out -ot tfre basl,n would be diverted from its natural
d.iJcharge a'reas. An assessm€nt of, the Potential ef,fects of Lnterstate flow
and int6rbasin traasport tcqulres a detiLled evaluation of the water budgct
and the loca1 and re-glonal flow sycterc ia the central aad easte:rr parts of
io"ei Lait-viffey. itrls study, by ttre U.S. GeologLcal Survey in
coop3rat:lon witb the Call,fornia Ocpartmsnt of Tfater R€souacQs, and tbe
fsvida Dlvl,glon of lfatcr R€couaccc; ls an appraisal of ground-watoa
resouac€s ln the basin.

PORPOSI TTD SCOPE OT llAIS REPOR:!

fhis report describes and quantl,fLes the wate! budgret for_loney Lake
Vallcy (fig.- 1) . It dgscrl.bes the coq)onents of ground-water flow and the
cfriraitdriSttci of the aquJ,fer synt€a La ttoncy Lake Va119Y on the basLs of
rcsults of a 3-ycas ctudt. Ihc grotrnd-rater coryoaent of the budgret for
part of the stuiy area clst of Boaey l,ake Ls lurthcr svaluated by- rrcaas of
i ttrrcc-dimcnsioialr fl,nttc-dtffsrencc nathaoAtical nodcl (fig. 1.1 that
Jlnutates the ground-water flow systen Ln unconcolldated basln-fiIl
deposits and c6nsolidated volcaniE rocks. lhe fgPort includes a dlscussion
of'the direction and nagmitude of Eround-rater flow at the Callforaia-
Nevada St,ate llne.

t*I
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I
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I
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A reconnaissance repolt (Ruch and Glancy, L9671 provided a prell-n'inary
esti.mate of, the ground-wltet budgct for a 235-ml- area in the eastela Palt
of Honey Lake Valleyr prinarily Ia Neyada, Grouad-watel tesoutces rere
evaluatld fron an ilrveatory of-water-Xevel rcasurenents at 13 wells and
finitea addit,ional subsurflce Lnf,or:nation. Ttte lePolt indicated an
inUitance of 91000 acre-f,,tlyx between sstlmates of recharge (2r000 acre-ft)
ana afgcbarge (Ur000 acre-it). AccordJ,ng to.Ruth aad Glancy tP. 42'l the
diiterence iay havc resulted from an undcrestiaate of rccbarge fron
precJ,pJ.tation or fron subgurface laflos to Honey Lake Valley.

Tbe scope of the rcpoEt is J'imitcd to discusssion of the ground-ratcr
flow systen.- sone of, the potential hydrological effecFs of incrcased
grouad-water rLtlrdrawals are considgred.

rrater wag not the scop€ o

PRgnltous g!!@rlls
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An lnvestigation.of ground water in the northeastetn countl'es of
Califoruia tnclided a seci,ion on the Califocnia Part 9! H9l?y Lake Valley
i-;1fi;;ia-oepitttent of ltater Resources, 1963a, p. 203-2201 . The study
consid€rea gro-r:nd-water recharge, mc,v€nentr and availability. The valley
iioor was d.ivided into four zoies that rere classified in tems of
poii"t,fai for Oeveiopnent. - the aeport_qas ugdated in 1987 (Pearson, 198?)
ind water budgrets weie producea foi tg85 (Mgirr 1988) and for long-te::rt
averagre condLtLonc (Clerentsr 1988)

rfator Eesourc€s rere dsgcrlbod for a 300-tni2 area in the south€asteta
pa:*, of the basLn-tn Californti (llilton, 1963) ' The study used infor:nation
i;;; ;;p;*tu"iirv-50-rius to aits::aini tne artitude of Lhe water table in
ifri vilinlty of tic SLerra Atat, Depot near Herlongr; ch?mical analyses of
riter fro'sr i3 weUs were tabutltea-. The gcneral descrJ.ption of rater
=iio"rccs in thii-icpost did aot iaclude estisatcs of the quantitl'es of
ground walcr available for dsveloposBt.

tfater-qualJ.ty cond.itl,oas in the Cal.iforaia Pa5! of the basln were
anatyz-a-Lniro r3ports (Clawcon, 1968; tfornald, 19?0). Ground water in
tlre irea north of -Aoney Lake contalns arscnJ.cT probably of g-eothemal
Jiigin and related to ?autts. 3be geotheteal resources of Honey Lake
Valiey trcve b,sen the sr:bJect of nu&aous studles (U.S. Bureau of
R€claiation, L982; UcI{ttE and others, 1981; Sanyal- and-othersr 1984;
Geoproducts'Colpotation, L982, 1984; .funcal and Bohn, 1981; ttal$i1tS Lawgon
essociates, 198-9a; 19S9t) . fire results of gome of the test dsilling'
geophysJ.cai aurveys, structuaal analygLsr and geocheraical sanpllng fron
€freie-studies wer6 uced Ln the evaluatlon of regional flow

Ia 1985r Lassen County published the rcsults of a water.!"9g.9! study
f-or Honey Laice Val'l,ey that citLnates arurual ground-water aval'lability for
the basi; as 691000 ac; e-ft (531000 Ln Call,fornLa and 161000 in Nevada;
iiitiii-inglneeilng, 1986, p. ri . lhclr budget J's based on lnfomatl'on
coqriled fion previous i:rvestl'gations.

A study of ground-water availability in the Nevada_PaTt of Honcy.Lake
'Vallcy was lrodu6ed for l{estpac Utilitieir a division of Sierra Pacific
porcr Coqany (ttilliam F. Guytoa Associates, 198?) . The study-colcludes
tlrat grou;d-iater recharge fiom prcclpitatlon may bG 11999. Eo 2n000 acrc-
fElyx-g=eator tban that ;stfunatea Uy Rush and Glancy (196?) and that some
subsurf,ace inflow may also occut.

A reconnal.gsance study by R.lf. Beck and Associates (198?) for tlre
Regional t{ater Planning aad edvisory Board of lfashoe County evaluates
itfrortation of ground iater fron gourccg in notthern aad central nashoe
Coitnty, lncludlig Honcy Lake Valley, to areas in the southern Palt of the
Countir. The report states that an estlsrted 161500 acre-ft/yr of watcr
couldbe develoied f,rorn Honey Lake and tfarm Springs_Valleys' 9s199-only -^^;;a; tlrat originares ar preilpitatlon in revida. The total includes 'l'500
acre-f,t of ass[md uaderflor f]om Wa::n Sprlngs Va].ley to Honey Lake Valley.
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. IOeNIION EtD PESSIOGTTTPSIC EEilN'RES

Honey r.ake valley is a northwest-trending, elongited, a3d
topograph-icaIly closed basin in northwestern Nevada and northeastern
California and is on tbe west edge of the Great Basin PhysiograPhig. Region.
itrE-fa"geJt poputation center in-the basin is Suganviller Calif- The
northeri parl bf Honey Lake ValLey includes Willgw Creekr Secretl and Horse
iife vafflys (p1. 1). In this reportr the e+tlre Honey Lake Valley-
iopogtipftii Udiin is referred to as 'the basin.n The developnent of,
to'po6=aiitic features, drainag6 patterns, and ground-water flow systems of
thi Sasin is controlied by tf,e najor stratigraphic and structural features
of bedrock an{ Uy-cfinnte. gasinland-range-fa-ults, the -principalgtructural featuies, provide conduits for ground-water flow j,n some places
but obstruct flow Ln others.

The Honey Lake Valley study ar€a e:<tendg 9bo99 50-|ru from northwest to
soutfrtiit (fi;. 1)r and eirconpalses about_1r?0O mi'. The goutheast end of
the study arei is ibout 35 tni- northwest of RenoT Nev- The study atea
(fig. 1) excludes the Susan River drainage -alea upstrean flom the
dusinviife gage and the Long Valley Creek drainage south qf.Dry Valley
Crebk. However, inflow f,r5m these areas was measured and included in the
rf,ater budgdt for the study area. The study area includes the Willow Creek'
Secret, aid ttorse Lake vailey drainage arels, becauge Lnflow to the ltoney
f,ake VilLey fl6or from these-basins is partly in the subsurface and cannot
be estirnat6a.at any one place. For the Pulposes of modeling ground-water__
flow, the stirdy aria ats-o includes Dry Valley north of Flanigan and a sroall
palt of Smoke Creek Desert .!tig. 1r P1. 1) .

The va]ley floor is surrounded by rnountains to the westr southwestr
and eagtr and iolcanic uplands to the north. The Susan Riverr a few
perenniai streams, and several inte:mittent gtream.s flon toward the centel
-og tne basin where watel accurnul,ates in tloney Lake. Honey Lake is a

,sha1low Lake that dries up at,'times and has no surf,ace outf,low. AlluvLal
fans, composed of materia-ls eroded f,rorn the adjacent mountains and up3.ands,
f,orm sloping aleas between the uplands and the flatr central valley f,Ioor.
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EbROGEOT€GrC SEqrrNq. . i

ttoney Lake Valley is sirailar to other valleys of the Great Basln in
its phyii'ograpfry i"a-it" agricultural land.and witer use' Most develolrment
of the gurfase *ater and giognd waler has been in the west'ernt less arid
p.:.t ot tfre studt-iiea, bit ground water also is used to irrigate.about-.
iregO-"c""i ot aitalf,a'and pisture in the easteEar pa+ 

-o-f 
qh9 basLn'at Fish

Sp"i"gJ-R""ch. -eeoitrer:ra]. -ground water is used in- the Wendell Anedee,
r.itctriietar and Susanville areas (P1. 1) .

S:IRSC:IutttI.'IUEIGTK,RK

Boney Lake valley lies at the Junct,ion of three geologic and
phvsiosraphic provincls (plate X.): - (1) tbe northeastern edge of the Sierra
il;;;d"-t"Giirit range' Qi the western edge of, the Basin and Range
proviacer cfraracieilria'Ui efongiie basini surrounde$ by elevated mountain
;i;c[;-ina tgt the coutheasteri edge.of the-Modoc Plateau, characterized
Uy-roit."ic cones surrounded by relitiyefy flat-lying volcanlc f,lows
l;laa;-ti. e "igfoqal f,ault slstern, !h9 tfalker I'aner extends f,rorn Las
rilgas through Ur6 wiffer Lak'e irea ina inlo the.sludy area (plate 2) - The '

Caift systei hal nainly rJ,ght-lateral offsets sJ.mLlarl and parallelr to
those o? g1re San anare'as .iiuJ't. system ln CalLfornia (Bonbanr 1969r p. 45) .

The topography of the basin was produced_pri'na=1lY nv toovenent along
several Cauit5 and fault zones of the-ltalker Lane. fhLs movenent began-in
itre-riaafe ltiocene'tist€, about 12 nillion years ago (Bonham, 1969r -p.'45) r

ind contl,nues at preseni. Volcanisn, erosion, and sedimentat:lon also have
Jfripea ihe taadscipe. The fault zones shown on plate 2 j'nclude the Honey
LakL and 9la::rn Spriirgs fault zones aloag the southwest-b9undary of lhe
basin, and the inteiope ltountains and Fagle-Holey fault zones on tbe
norttirest side of the valley f,loor (Robertsr 1985r p. 43).

' Move-€nt along the fault zones bas been verticalT accoryanled by-
right:laieiii iiip- (Roberts, 1985, p. 42) . . Lateral EoverBent, ls notable on
ifrE w.r*--p"ftrg" iarift zone, where Lhe estimated horizontal offset has been
ii-f""st 3-.S nL (Groser 1984) . llovenent 'has been mainly vertical on the
antelope Uountains and' EaEle-ttoney f,auIt-zon€sr although some evidence
;6;"G iir*e-srip offs6t (nobeksr 19851 p. 4s).

DESCRIPEION OT EbRO@OIOGIC UNI'IS 
:

principal geologic unlts Ln Honey Lalce Va119Y arg gra+J'tic bedrock,
volcanic rolksr'and inconsoll,dated to senlconsolidated sediments. The
relative ages, tbicknessesr and hydrologig- prgPe*ies- of the geologlc units
ar;-a;*n"iizeb'in table x ind tlre-ir disiribution is shown on plate 2..
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Gqanlt.:Le Badroak

Relatively fuperneable bed,rock f,o::urs a lower boungary to most grgulcl-
nater flow witirtn -ttre basin; " Although granitic bedrock is e:<posed rnalnly-
on the southwest and south sides of ihe-basin (in the Dlamond Mountains of
the Sierra Nevada and in the Fort Sage Mountains), it also- croPs out in the
Viigi"i. t{ountains (pl . 2l . Geothe:mal studies indicate ttrat some ground
Irate! moves along fairft zones in ttre bedrock.to sustain hot springs neal
Wendel and Amedee (.Iuncal' and 'Bohro, 1987) .

ltovement along fault zonea has dlsplaced the granitJ'c_bedrock downward
on the northeast side ot the basin to d6pths greater than 51 000 ft below
Iand surface. Granitic rocks have been iouad 51000 ft below land surface
nortb of Honey Lake near lilendel, in holes d.rilIed for energy e:q>loration
ipi. Sai. fnierpretation of seismic-refraction data (FuLs and othersT
ibeZ, p. 5?) and'teUurip electricaf-resistivity sounf ings (Pierce and
iootri=, 198b, p. 4) show ttrat bedrock !pg"!r?Ps granitic) underlies the
northern part of the bagin at dePths of,-5;000_to 51000 ft below land
surf,ace norttr of Eagle Lake and in Secret. Valley-

Volcan:Le R.oeks ' ;

Volcanic rocks (p1. 2) ranElng in age frgn Oligocene to ltiocener which
have been dated from -about gS nlffLon to 12" rntlllon yearsr overlie the
granitic rockg in the Sierra Nevada, tbe Fort-Sage ltounta_insr and the
firsinia t{ountains (Bonharnt 1969t P. 23 and 28).' In the Virginia
Uouiiatns, their thickness'increases toward the north to nole than 11500 ft
beneath tire basin f,ill near"Fish Springs Ranch (Pierce and Hoover, 1988, p.
4). The thickness of the volcanic rocks also increases toward thq east to
aiout ?rOO0 ft beneath the crest of the firginia'Range ?lq to more than

.4rOO0 fi in the adjacent Pyrarnid 1,ake Valley (Bonhanr 1959r P. 45).

.. In tbe low pass that repatates the Sort s?g9_ltountalns frorn the'Virginta Uountai-nsr the rock-s are rhyolitLc ash-.fIow tuffs and Volcanic-
floi breccias (Grose, 1984) and have been dated by the potassium-argon
reifroa as 30 million'to 23 million yeats old (Groier 1984) . These volcanic
rocks are :e1alJ.vely iryer:ureable to grOr:nd-water f,Iow except where
f,ractured.

In the Virginia Mountiinsr the volcanic rocks are coq)osed of basaltic
and andesitic flows. They are included in the Pyrarnid sequence by- Bonham
iiggg, p. 29,, and are sho;n.by Grose (1994) to overlie the older r'yolites
j"a tioi breccias to the wegt-. They have been dated by the potassiuttt-argon
raethod as ranging from 15 million to 12 million years. These rocks are the
main water-beiriig unit near FLsh Springs Ranch, forming an avenue f,or
reclrarge to tbd bisin-fill deposits of Honey Lake Va11ey.

The northern tip of the vJ.rginia uountains near Astor Pass - 
ls corposed

of, volcanic rocks thlt are more nagsive than those found near Fish Springs
Ranch (Irarry J. Garslde, Nevada Bureau of, llines and GeologyT- oral conmun-,
1999) . 

- 
Theie massive rocks are considered to be less trrer:neable to glround-

erater flow than the nore fractured volcanic rocks near Cottonwood Canyon to
the south.
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'Volcanl,c rockg (pI. 2) Ln tbe nottb part of tbe basl,n, and on th€ easC
sld€ north of Astor Plssr rang€ in age fron about 12 mllllon y9?!l
(ltLocene) to 1 nL].ll,on yiars lpteistocen€i crote and othersr 1989). fhesc
rocks are volcanic llori of tbe l{odoc Plat€au. fhe plateau Ls
characterLzed by snaU- to mdium-sizc eiod€d volcanoes surroundsd by
relaglvely flatitylng basalt and andcslte flows. The rocks dl'ffer gr€atly
Ln thlckn3ss, rlti liycred scctlons buadreds to thousands of feet thick
conslsting oi hanvldial f,lors 10 to 30 ft thick. Pleistocen€-age -rocksniir Susaivllle and pll,oc€nc-ag€ rocks occua as flat-lYln9r layered flows
surrorrn4lng Shaffer and Skedaddle uountalnt--ate as thick as 300 ft
(Robertsr iggS, p. 25-261. ulocene-age rocks are moaE than 51000 ft tbick
near volcaaic isirtqrs suctt as thosc in thc Skeddadle Mountalns (Digglcs and
ochcEs, 1988, p..C15). lhc rocks arc hJ'gbly pcmeable ia l{illow Creek
vallsy tn thi northwsst paEt of thc study area and aa€ a+ hportant souace
of, waier to w€lls along Lbe entLre north sLds of the basLn. lhcsq rocks
lorm an av.nus for souihrard ground-ratca flor tosard tbe floor of Honcy
Lake Valley from 9f11low and Secret vall€ys.

ttncoaro].{ drtrd ead Senlconroli &tcd SadLnant.s

Basin-fLtl deposLts of Pliocene to Holocene ageT consJ.sting of
unconsolidated and seniconsoli&tsd sedimsnts and pyroclastic voLcanic
rocks, pat'-Iy f,llt th€ structural dcpresslon underlying ttoney Lake Valley.
esneritly fine-grained sodimntary and pyroclastic volcanic deposits -of,pliocene-age underlle, interflnger wJ,th, and overlle the consolidated
volcanic rocks along the €ntlre north and northeast maaEl,ns of the basin.
These s€nlcongolidricd deposLts consist of thick layers of wolcanic tuff
and ash tbat tlpJ,cally rerc dsposlted in shallow lakes along with
Iacustrinc and-iluviat deposi.ts of clayr sl,Lt, and minor amounts of sand.
Logs of gcotheEmal wcl1s ln the l{cndcl arca indLcate that a basal
conglomerats unLt about 500 tt thlck overlles bedrock: lhe
semlconsolldatcd untC Ls calIed a lakc dcposJ.t by Lydon and others (1960)
and by the CalifornLa Departrnent of lfater Resources (1953ar table 1) r lbut
Ls described as a volcanic tuff by Grose and others (1989). Tlre nost
sigmif,icant hydrologic characteristlc of tbe unit, is lts low perneability.
foi tnis studt, the-fine-grrained sedlnsntary and pyroclastic deposits ate
treat€d as a singrle unit. The unit ls pres€nt over most of thc study area
north€ast of the Sierra Nevada and Ls exposed on the floor of Sccret Valley
and at a fes places ln the centeE of Honey Lake Valley (P1. 21. Most of
the basin-filJ. naterLal consists of this unit.

ttoney take occupies part, of an alea previously covered by a nruch
rarger, tierristorj.c iater'body known as Llte Lahonian. ourin! the late ,4br.\\f.;ri
Pleistocene t,irne, between 141900 and 121500 years ago, Lake Lahont,an -'97f 4ll(€
inundated as much as 8.r 600 rli' in northwesteEn Nevada and in the Califor:ria -.i E!^':
part of Honey Lake Valiey (Benson and l{if,flin, 1986r P'. 1) . The water tt%s }"1
'ieveI in the huge lake attained a maximum altitude of about 41365 ft above 9.ll r,c-
sea level, almost 400 ft above the present-day level of Honey Lake. ,i]L.?.
Quaternary-age sedlments deposlted in Lake Lahontan are an ilportant fr'---
aguifer in the northwestern and southern palts of the study area where
sands and gravels fron Che Susan River and tong Valley Creek doninate. On
the eastern side of the basin, bowever, the deposits consist mostly of
fine-grained silt and clay that lrave low hydraulic conductivity.

AJ.3.uviaJ. fans of Quaternary age, consisting of poorLy corted deposits
ranging in size fron cJ'ay to boulders, have accumulated ?long the base of
the-mountain fronts and interfinger with the doninantly fine-grained lake
deposits toward the center of the basin. These alluvial sedinents have
moderate t,o high permeability and are an iryortant aquifer at the edge of
the valley f1oor.
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n ttte tbickness-ot-"J,Gntary ;Una:volCanl.c' rockl'overlylng the':'''- . ":"-'"Part ol
:s:.i$iL;:j,,.i,-*.1,,graniti.c-,b,easoclc .-. ,BfaIE 5-and-ingtt'=6"2' show .tbe estirnated' th-icknesseg of

**..-.**#*ifiF.itfsrtdes;€$ffir;Inuffiltf,ruussE*Eieg;'ffiil;li"Effs3losi,o,,'

cofftcted ior iUl,i stoay and used to coryile.tbe-mlPc'and geologic sections
inci"ae e:dstfng io=i"c3 geologic maPsr graviSY and aeromagrytic-:YTYly"1--
telluric etecrricir:iiiis[iviti souniiirgi, seiimic-refraction^prof,iles7 and
fft[Ji.gfc-:.ogs-iiot deep welli penetrating more than about 20 ft of
granitic bedrock.

Gravity measurements at about ?00 stations were obtained from lhe data
.base oi-ttte-N"tional Oceanic and Atmospheric Administration (written
co-or5.r-iigzl . AeromagrnetLc data are-from the U.S. Department of EnerEy
(19g3a;' 19g3bi . About 5O aaAitional gravity and qagrnet,ic stations were
estabtisl"a ai.=j,ng this study to filt-areal gapg tn the e:rist,J.nE dataT
6giofy-i1ong and 6ast of the-CalLforaia-Nevada State line.

Couputet programs developed by ttre U.S. Geolpsicaf Survey -(Cordell'
19?0; r.G[;i;;r-i,6-i *ere usei to Eseinate the tlrickness of geologic units
fron ttre graiity and nagmetic neasurenents. Results of thbse P-rogramlt
matched oSse"oei depths to granitJ.c bedrock Ln drll1-ho1es on the southwest

.. side oi ttte basin. - In contiast, .coryuter lesuJ'ts were incons:lstent with
.observed depths to glanitic bedrock ia dtill holes on the nottheast side of
-.tre bailn nLar Wend61. fo provide more info:matl,on in the no:rtheast areat
telfuric eftcirtcal-resistliity soundings and selsmLc-refraction profiles
pere made. Results of the teliur:lc souidlngs a!-e tusnarized by Pierce and
hJ"reiti.ggAt-and are shown on plate 3 along with results of, the seismic-
refraction Profiles.

' plate 3A ghows that the depttr to granitic bedrock increases -greatly
toward the north and is more thin 51000 ft near Wendel. Lines of equal
depth to bedtock are parallel to-the 3tlirce of, tlre goney_Lake and 9la::m

. 5p;i;9J fault zones (if. 2) and indlcate down-dsopping of the bedrockr

.' , .:lptittY to the noltheagt.

. p].ate 3El shows that the thickness of unconsolidated and
''seniconioiiaatea basln-fi].l deposits of Holocene to Pliocene age 5'ncreases
ipriia.the north with Lncreasing depth to bedrock, and decreases toward the

, . east, wtriie volcanic rocks rnake ip tire largest Part^of the geologic. section
overlying bedrock. In the deepei-narts oi ttre-basin, most of,_the total
UricfnEsE piJU"UfV is fJ,ne-grained-Pliocene lake deposits (California
Department-of Watar Resourc6sl 1963a, P. -2-071r eacePt along the.north
rnaig1n oi-tfre basin where pyrilclastic tuf,fs or ash flows predoninate.

...1 ,." The volume of, ground, water ln storage ltt tl. study a"?1,1?ry"*^1"
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Plate 3C sbotts the thLckaess of volcanic rocks of OlJ'gocene t'o
pfiocine-ige thii conJtitute aquifers on the north and east gides of t'he
U."i". -ffr6-unii-tor-s . wedge 

-on the extlere east side of, tbe basin'
incieagLng frorn leii tft.n frSOO f,t thick neat the heael of Cottonwood Creek
6-il;;-af,an 4rooo-it-itrici'beneaitr Dry Valley north of Flanigan- volcanic
rocks are abgeni-i" &ift holes corpleLed to granitic be&ock beneath The
island area (south of Honey Lake) the area southeast of St,andish, and are
piJJe"t-ii orify inU onits near l{endeI. A drilL hole nort'h of wendel
i.""iiit"d volianic rocks ia the uppgf 2t5O-O ft of basin fill (GeoProducts
E"rpo="il,on, LggZ, p. 1?; 1984, .p;221.r -and telluric.soundings near
vie-wtand and no=tir -of, gerlong Siaing iidicate volcanLc rocks overlyi_ng
tuf,faceous or sedimentary ro6ks (Pl,erce and tloover, 1988r P. 6 and f,ig. 8) -

Although data are absent-beneath the Skeddad.Le MountainsT Diggles aad
ott""J- if988, p. C15) believe irtenslve thicknesses of se&imentary layers
do not exist there

The generalized geoJ.ogJ.c sect:lons in figrure 2 show the esti.rnated
thickness6s of sedinentary-and volcanic rock units overlying bedrock along
profiles in tbe eastem pirt of tloney Lake Valley. Because the esti-nated
Lbicfnesses are r:ncertaii due to lack of data polnts in gome areasr the
profiles in fJ.grure 2 should be considered approxirnationsl rather than exact
depictlonsT of the subsurf,ace geology

E:bROI{'GIC AENTORES

Sui{aec tlatc-

Itore i,han 40 streanr flow from the Oianond, Fort Sagel and Virginia
t{ountalns and the northern volcanic uplands toward the' center of the
topographically closed basl,n. Most are Lntermittent and reach the valIey
ff-ooi oirty in wet years. The largest streams in the ttudy area are the
Susan Riv6r, Willow Creek, Long Valley Creek, and Gold Run Creek (pf. 11.-
'The most prominent surface-water feature in the basin is tloney Lakel which-
fluctuatei greatly in area and volune, but on average has a gurface area of
about 4?1006 acres and contains about 1201000.acre-ft of waterl derived
from a combl.nation of lake-surface'precipLt,ation, stream iaflow (nostly
fromthe Susan River), and ground-wlter 1nf,Iow. Water accumulates in-Honey
Lake during periods oi rapid sngwurelt, but most streamflow is.dlverted or
seeps iato-ailuvial fan deposits bef,ore it reaches the va11ey floor and the
lakl. Surface-water condllions dete:m,Lned f,or this study are discussed
rnore f,ulJ.y ln a seParate report by Rockwell (in press).

Grouad Hatc=

Ground water in Honey i,ake Valley nal.nly originatec as PrecJ.pJ.tatJ.on
in the study area and tn ttre d^ralnage ateas of the Susan River and Long
Valtey Cree-k. PrecJ,pitatlon Lnf,iltrates through unconsolidated deposits
and fiults and f,ractures in cgnsolidsted rocks to become ground water.
Ground water flows downgradient fron recharge aleas in or neat the
rnountains to dl.scharge ireas near the central axis of the basin.

-15-



The:mal rrater is found, in geveral places Ln the basin, most notably in
the Wendel and, atoeaee areas (p1. 1). According to 'Juncal-and Bohm (1987)r
iii" g.oih"::naf *atJi-is palt'-of q f,low_systen in f,ractured bedrock 'and is
related to the Hoaey l,akl range-iront tautt zone and the lfalker Lane fault
iv]t.r tpf . 2l . Reitrarge for-the systern is f,ron precipLtat'ion in the
iilio"a'fio""iii" iange 5t ttre Sierrl Nevada. lleceoric nate! infiltrates
and circulates aeepfi ia granitic bedrock beneath the va11ey.'floor- It is
ft"itia by above-i"liage r6gional heat flow related to volcanism, and rises
ifo"g-tn6 norttr-norrfr5ist-5t=ikin9 f,aults.- Hot-sPring locations might.be
.J"iioii"d by tbe inie"section of,'the no*h-striklng and nortbwest-strJ-k'ing
f,aults.

llater Oua!.l-ty

Analyses of about 500 surface- and-grorurd-water saq>les fron the
Nevada oiiision of Health, the california DePartnent of, lilater ResourcesT
thewashoecountyDepartmentofPrrblicWorks,theSl.erraA::ny-Depot'and
Jer"=if prOiiJt^ea reiorts (Hiltonr fglli Rg"\.and GLancyt L961; Clawsont
iieer wiifian F. Gult,on Associates, 198?) indlcate that the quality- of
yratel in much of noirey take Valley is suitable for irrigationr stock
wateringT industrialr-comnercial, and domestlc uses. In the eastern part
of the fasia, calciurlT sodLum, aid bicarUonate ions predomlnate in streaml
iea-Uy tnountlin springs, 'sodiurn and bicarbonate l'ons predorrinate ln raost
giJun&-rater sanpiesr -and tire dissolved-solids concentrations are lowt
6"""iiffy less tiran 3OO ntiffigramlr par.lJ.ter. -In.the--central'Part'of the
6.ii", s6d,i.tsr and cbloride ions predoutinate and dissolved-solidg
conceirt"ations ire-higher. Geotirernal aFeas also are characterized by high
dissolwed-solid,s conc6ntratlonsl dominated by sodir:n and sulfate ions-
Areas in the basin where gfround-water contains elevated conceatlations of
aiiJofn"a-solids, boron, i\ioride, and nltrate have been delineated by the
California Departrnent oi l{atet Resources (1963b, pl. 32).--Water from
ifti-"f iprin'gs at Anedee and tfendelr"and from several welli.near StandLsh
i"a ifleri,eie-in Honey Lake ValleyT contain elevated concentrations of
arsenic (womaldr 19?0) . l-, ,

Ia general, tbe dissolwed-solids ooncentratlon- J.n .grounfi rtater
increasel with bepth and wl,tb dLstaace frorn the recharge-area becauge
longer flow patbs- allow more contact wl.th soLuble ninerals of the aquif,er.
In t5e central F33a of topographJ,cally closed basins, sucli as Honey lake
vafiey, deep water noves upward under lrte'Sla! Pressure- into shallower
aeuif6i:s an-d continues to dissolve nifrerals along its flow.Path.
Colncentrationg of, dissolved solidg in water in shallow aquifgrs are
increased further by evapot,=ansplration aear-the surface. Thusr
concentrations of dissolled sotidg in.rater in the uPper palt3 of-aquif,ers
i" sore aiscfrarge ireas :(along ttre central aris of the- basinr i'ncluding
io"ev Lake and f,tre playa areai) nay decrease wl,th depth. Actual flow paths
ii"-iloi" conplLcateb tlan lndicated bV tlrlg sinple concept and Lnvolve
iecLicufatioir and'pixing of, nater fron aif,terent source ateaa due to
e;;;f3t differences cauied by differences in ternperatute or chenical
concenttations

GiROUI[D-lrAllEh Erf}lf sYslrErl

Aquifers aad the water that is stored in and moves tbrough them
constitlute tbe grround-water flow system. Analysis of, the f,low system.
includes assess;;ni of tfte hydraulic cbaracter-istics of aquJ.f,er materlals,
grti"iiiication of coqronents of the ground-water budget (recbarger storaget
ind discharge), and evaluatj,on of, rates and directions of f,Iow'
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. n0ltr88R PROPEn:IIES

properties of aquif,er eaterials that control storage and movement of,
ground witer are hydiaulic conductivitl. (the'capacity of-:gtf." ""dsediments to trans;it watet) and speciSic storabe ana yield (the amount of
;;t; that is stored in and releasld by aquifert in response to changes in
head) .

rrldraullc ConduFtLwl-ty

Hydraulic conductivity is orpressed as the voluroe of, water at the
existiirg kinernatic viscosily that wiJ.f move in a uait tLroe, under a unit
hyd,raulic aradientT through-a unit area neasured at.right angles to the
aLiection 5f etor.' Coars6-grainedT well-sorted sediments tlansrnit water
nrore readily than fine-grained or poorly sorted sedimentsr and layers of

'fine-grraineS, material inpede vereLLal fLow. FLow through consolLdated rock
depen6s on the size, distributionT orientalion7 and interconnection of
frlctures and other openings. Theref,ore, hydraulic conductivity diff,ers'
for different naterials and from place to Place within an aquifer.

Borlzontal EldsauJ'Lc CoaduetLw:Lty

Horlzontal hyd,raulic conductivity of basin-fi1l deposLts and volcanic
rocks was estinated at weLl sites f,or whLch drillerst 1ogs7 geologists'
1ogs1 or aquifer-test data were available. Drill rst logs were available
toi iqO wefls in.the basj,n, and 36 of these also had rePorts on production
tests. Hydraulic eonductivities were calculated by two methods for the 36
sites:

1. Specific-capacJ.ty data from the production tests were used to
- estinate hy&aulJ.c conductivity by the ThEl,s (1963) nethod.

2.  ttfrotogtc descr:lptions were used to estimate hydraulic
conduct,ivJ,ty by a.method described by Maurer (1986, 9. 21-281

' and referrea to in thl,s report as the 'Percent Coarte' method.
For this netbod, the percentage of coarse-grained materials Ln
the agr:lfer section penetrated by a srell was estimated frorn the
driller's or geologiit's 1og. Exanples of coarse and fine
lithologic desigmations are listed by Plune (1989, p. A10).

ttydraulic conductivity for the Percent Coatse method was assuned to be
1-ftld for fine-grained rnaterials, and 20 f,t/d for coarse-grained
.materials, on the basls of tlpical values for sLlt to fine sand and for
coarse sand and Porous lava ffows (Heathr 19p3r p. 13).

Results of the Tlrel,s and Perceat Coarse methods of estimating
hyd,raulic conductivity were used in regression and correlation analyses to
ditermine whether a relation between the two methods could be shown. The
Ttreis method is considered to be rnore accutate because it is based on
actua.L performance of a wefl during-purping, _but it c?n,be applied olly
where p-roductlon-tect data are avallable. If, the methods relate wel1r rnore
accu=ale hyd.raulic conductLvLtl.es can be estinated at, nu$erous sites where
only drillErs' logs are available
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coryarison of, the results'indlcates thdt the nprrian hydraulic
conductlvity f,or-fue- Se sites e"tfraiea by both methods was about' 8 f,tld
and that equal. n,rs,Oe"s of vatuis were aboig ena below the line of, equality
(the line that eefines fr'araulic-conauctivity.values from both methods as

being equar) . ilGGi, iriarauric-co"a"ctivilies esti:nated by botb methods
t"" Efr" 

-s"rn! stie genelafiy rrere not in agreement' Correlation rras Poof
t"o=i"i"tion coeitlcient Oioel probably b6cause (1) specific. capacities -
were basea on short-auiation prbaucttoi tests (general'ly.rnuch fess than 1

d.y) made to veriiv vief& of- niw riffs, rather-than to dete:mine aquJ-fer
characteristics, (2)-weus may not have'been fully developed at the tigre of
i;arfi;-igl aeiciritro"s or iue same geologic rnaLerials by dLff,erent
drfiiaft i"buauri-aLii""; (4) j,nforruatlon on packing and sorting.gf,-
s"dir,,e"is]-*tictialso aff,ect hydsaulLc conducltvityr sas not-available; and
(5) the lange oi po"iiUie oifo6s resultJ,ng Fron the percent Coarte rnethod

.nas lestricted. Becauge co=="iation of-ff,eis and.Percent Coarse roethods is
Doo!, the mole accurate Theis nrethod was used to estimate hydlaulic
;;;aid'i;rrr;; ;h;;;G; possibie-ind addttionar factorgr as discussed in:
ah;-i;iio"ittg paragraphsl were considered in' othelplaces

To egtinate aquifer characteristics for areas where well data are
sparse or unavailal-le, another relatl,on was congiderid. -Hydraulic
c-o"a"ctLr7ity of basin-fill aepoiits Ls a function of their source (volcanic

"i--gii"ftic-rocrii-ina 
aeposillonal environment (for exarqrl'er alluvial fanT

tt""ilfroie j,n a lajce, and ifaya). In greneral, the.upstrearn parts of
alluvial f,ans at frilher aitiludeg prlmarily contain coarse sands and

tii"efJ, rUere"J Je6iments beneailf the val-ley floor are dominated by fJ.ne
ii"arr-iffii, ana-c1.ays.' Therefore, grain sLze, and the-c-orrespondi'ng
ty$"irfic conductivit!, c?n !e related to land-surf,ace alt'itude' The

;a;;-gei or-coi=s":griinea materials described in drillers' Iogs -f,o-r 88
-we11s in-the Uaiin are-Erouped by range of land-surface altitude and sholttl
in-iigrre S. IG !,".If"n of-L8 sites ihere land-surface altitude is at o!
iuooe-ar140 fr-tirre-tiigtteii aftiiude groupJ. lqs 56 percent goarse-graLned
nateriais, wtrereal the-gredian'of 24 sltes-below 41000 ft (the lonest4
altitude i=oopi-wis 29 percent. Host weJ.J.s and roost watel use in the basin
;;;-;; a;00'O'fa:' ii ittltudes below this' p:.ay? deposits.produce-stnaller
Vitfas and'watei-guality an9 soils are unaccePtable for agricultural use;
il-r"ctr-tfgUer-if€ituaei, tbe depth to water 1s greater and soils tend to
be g\in and rockY

Aquifer tests were made at two wells at the Calif,ornl'a Correctj'onal
centet -norttr of Lake lreavitc. (callfornia Department, of Yfater Resourcest
iag8t; "t elll" wells in tbe soutbeast part of the basin (willian F. Guyton
assotiates, 198t;-;: ri; uictrael widnei, lrashoe counFy utilltv Dlo1:lgll 

^written cofonun.r'1989), and at two weLls I'n the southeast ac-Part.gf tnr:':
aa;ay. the results iniU,.cate that hydraulJ,c conductivities of agulfels in
the south.."t.=o-tr=t of the basin ianged frorn about 10 ftld for basin-fill
aelosfts to g="itlr than 100 f,tld for iractured volcanic rocks. Tlt"
hta;;;If"-coiaucrl,vities of basln-fiU sedl$ents rnay niffer over short
dLstances. ffrt-fryaraulic conductiv:lty of f,ractured volcanic rocks'also
diii;;j, uut gJn;;dtit-f; gieiter thai that of other aquJ.f,er materials j.n

the south"aste--part-of tf,e study a!ea. No aqtrifet tests are aval'lab1e
iiorn weffs in qrrairitic bedrock, wirich is relatively.naqsive and considered
;$ai;-"i iieiaing-onri snall'quantities of -water J.n_ltoney Lake vallev
iCiiito""ia-Oepartient 6f rilatet -Resourcesr 1963a' p. 29) .
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Land*urface altiuds at or abow 4,140 fest
1 8 sites
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22 sites

Vdllcy floor and low rlluvirl fans

Lrnd*urfrce altitude 4,00$4,(ts9 fcgt
24 sites

'20 40 60 80

PERCENTAGE OF COARSE-GRAINED /v\ATERIALS

FIGITRE 3.--percentage of coarse-grained Eatetials at different aLtitudesr
estj.nateO from lithologic logs for 88 sell sites
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The rnedLan borizontal hydraulic conductivity of..aquifer. materials
througbout aott.y iife-Viffey 1- eitinatea to be E *la, on the basis of
aaalyses of protuctlon .testi atia-GJcqittiots 9f seorosic.materlals. rn
F;;;i; the- bydrautic conductJ,vity.of, uncoasolidated sediments decreages
wiih decreasing altitude from a niliro,:n oD uPPel alluvial fans to a mininum
in sedinents underlying the Playa on the valley floor. It also decreases
,itfr-aepth as a iesi.tt-oe coipaEtton, Tle hydraulic conductLvity of 

-

vJfcaail rocks dfii;a areally and witb depth, and depends on the numberr
;;;;f"t; and degree-ot connecilon of fractures.. Ttre greatgst hydraulic
c-o"a"cEivitLes ire in fractured volcanlc rocks ia the coutheastern Palt of
itre Uasfn; tlre snallest are probably in massive granitic bedrock.

Vort:Lctl. Eyd=rullc ConArctlvtty

UnconsolLdated basl,n-f,lll sedisentg are vertLcally anJ.sotropic because
bf, layerJ.ng and coryactLon. Freeze and Cherry, (19?9, p. 1?t ,34l-tepottift"[ ifre ritio of h-orizontal to ve=tical anisotropy in inaividual core
J"ropf"J-fs less tlran 10 to 1, due to orientation ot clay mineralsl and tlat'
i-#fcaf-rigionaf ratio of irorizontal to vertical anisotropy is 100 to 1

or-iieiii", 4oe io iii"if"g of, sediments. The 100'to 1 ratio is considered
itpiesentattve of sedf-nenti Ln basins sLmLlar to goney Lake valley (Morgrant
ii'g8r-p. fgt and is probably reasonable for uoconsolidated aquifers in the
basin

Volcanlc rocks also may be vertlcally anJ.sotropl,c -becauge flows are
tayerea;--ore iayers or parts of layers aie nore welded, denser vesJ-cularT'
or-fractured tbair'others-' Gror:nd-witer flow througlh v6rcanic rocks is
pieao"A"intiy horizontalr but water also moves vertically through -jo19t9
and fractures. -ine ratiir of horizontal to.vertlcal hydriulic conduclivJ,ty-
;i b--iis is othea areas bas beea estLmated as belng greater than 100 to 1

(ilohn it. Vac€aaol U.S. Geolo€rlcal Su::vey, wrJ,tten co@uD.t 1989).

. Stongn Coetf:le:lcnt aad' SFeltl-e Y:l-ald

The storage of, water Ln an aquJ,fer Ls expressed.Ln te:ms of a stotage'
coefficient or sp€cific yield. Storage coefficient is the volure of water
that an aquifec ieleases. fron or takes into storage.Fg: yti!. surface area
oi-ift" -.qriiiii pe" Gtt btrange ia head. Speclfic-yield is the ratio of the
volurne of water-tbat will aritn under tbc influence of gravityr to the
total volume of saturated aquifer material from which the watet drains-
5ror confLnea aggJ.ieis, the riater released from stoaage ggtteq f,roqr er<pansion
of, tbe water aria coryressioa of tbe aquifer. For unconfined aqulfersT the
water released f,roro itorage com€s from dralnage of ,thq -sedLmentq-bygii"fti,-ind the-iioiige 6oef,flcient ls equJ.vllent'to the sn991fi9 vield-
itre storage coefficl.enf, of unconfined aguifers is 100 to 101000 timeg
g;."i"=-tian the storage coef,f,icient of confined aquifers because of these
Eiff,er.ences (Heatb' 

-1983& 
p. 29)

The specifLc yield of 'uncoafLned basin-q+I dePosl,ts (assuned for this
stoay io li-iUe "pi"= 100 ft of saturated sedirrentg in Honey Lake Valley)
wis Sstinated froi-aquifer tests and from lithologig lo$S_.and.lePorted 

-

oif"ii tor dlfieii"t iyp"s of geologic naterials. Specif,j.c- yield' which.
depends on grain sizqr-iortingJ. and-porosLty, langelt -tT9t- about 2_Percent
f,oi clay to-rreiifi g6'p""cent-ior unl.foa coarse sand (Johnson, 1967t 

-p. ZOl.' e "p"cfiic 
yilfa 9f 15 percent has been used as tbe a-verage for

-giontr&:*aier- tiow-lnoaels of, othei valleys in the Great Basin (Thonas and
ilh;;J, 19g9, p. rair-and cari be coasidEred representatlve for primarily
.oi""":giaf"6a- i"p#l-iia) de_posits, included'"? pgtgt!?:-*"po"its in
tabte 1l a spediiic-Viif& of-10 peicent is.tl4picll of mixed coarse- and
!5!:giafnea bepoiiis, ind about e nerggng-is-tlpical for fiae-grained
aeposlts (trhorna-i-ina ithe"s, 1989, p_. 14-15). The f,otmer co*espond to
;A;-h;;e'aepoiits in Honey Lake taltey ar-rd the latter correspond to
oiiito"" dep-osits beneatb Lhe central va1ley floor (tab]e 1) '
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Storage coefficient,s for confined aquifers are direct,ly propo+i9111^-
to the saturated thLckness of the aguif,eiT and can be estfunated.as 0.000001
per footT tiroes the thickness of the aggifer (Lohmanr 1912, p. 53). Tbe
itorage toefficient calculated from results of aquifer lests at the
Calif6rnia Correctional Center (Calif,.ornia Department of Water Resourcesr
i98gi-rii O.O0O12 for conf,ined basin-fill deposit,s about 270 fE thick'.
Sioiig. coefficients dete:mined by'aquifer tests in the southeast palt-9f_
ifre Uisin ranged f,rorn 0.024 fox serniConfined bagLn-fif+ deposJ-cs to 0-0005
ioi vofcanic ioJfs (!{.ichael. Widnerr lilashoe County Utility Divisionr written
co*r., 1989). Va1ues f,or fractured volcanic rocks were nole variable
than those for sediments.

RECEARTGE

Recharge to the g=ound-watel systes in Honey Lake.Valley is from
(1) d.irect Lnfiltration of precipitation and snowmelt, into consolidated
rock and unconsolidated basin-fi1I deposit,sT Q, infiltration of water frorn
streams, (3) seepage of irrigation.waeer, and (4) subsurface inflow from
adjaceni aEeas. -I:he major sources are direct infiltration of precipitation
in-upland areas and lnfiltration of streamflow in alldvial-f,an areas
(fig. 4) .

To ascertaLn how much water recharges the ground-water systemr direct
infiLtration of precipitation was estinated using a Deep Percolation ltode1
(Bauer and VaccaioT 198?), and gurface-water infil,tration was estinated
using streanfl,ow data, measurements of variations in streamfLow Eesulting
from-seepage along gtrean channeJ'sr and info::rration on irrigation-watel
uSe.

ltost precipitation that falls on the basin evaPolates or is-transpired
bv veqetat-Lon bbfore it inflltrateg to the erater tabl.e. The sma1l part
tiat 6oes infiltrate Ls the rnajor source of grround-water recharge.

Areal variations in recharge to aquifers in lloney Lake VaUey.result
in large part frorn differences in the areal. distribution of preclpitation-
and stiearnflow. Precipitation is nuch greater in the mountains than on the
villey f,Ioor, ranging -from more than 20-in. in the Dianond Uountains in the
Sierrl Nevada, to-leis than 8 in. over large aaeas of, the valley f,loor
(fig. 5). Mean annual precipltation over the study arear estinated from
amoints shown ia figrure-Sr ii about 1.1 nillion acre-ft. The areal
distribution determined for this study is the same as that shown by the
California Departnent of,..Watet.Resources (1963b, pL. 2l r but the mean
annual amount-s are estinated to be 2 in. greater 'everyrherer on the basis
of 23 additional years (1963-88) of recorded observations since the
original map was Eorpiled. .!lean.annua1-precipitation at each of eight _-
pre6ipitati-on-measurement sites in ttre basin wag about 2 in.gireater..-fl:
iitfe-rence may be even greater at lrigh altitudes, but.no data are available
to quantJ.fy the amount. Therefore, a conservative 2 in.'was added to the
entire disiribution. The revised quantities of precJ.pitation are shonn in
f,igrur€ 5.

precipitation ig recorded at nany low-altitude.sites in the basinT but
little dirlct info:mation is avaLlable for higher altitudes. To collect
high-altitude data, three precipJ.tation-storlge gages were installed in
-eiternUer 198? as part of tUis ctud.y, _and a fourth gagei!?s added-by-Ifashoe
Coirnty tn April 19-88 (p1. 1). Altitudes.ranggd frour 57250 to 11110 ft.
Althoirgh thl periods of record through T';i9-1999 were too short to pe:rnit an
accura€e estlfiation of nean annuaf, precipitation' the data clearly show
that precipitation increases with aLtitude (tabfe 2).
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IIOT TO SCALE

EXPLANATION

SdJRCES OF GROI'{DII'ATER REC}IAFGE

O Dlnet inflltrnion of pndpitrrtbn rnd morrn.lt in mountrimlplrnd Jrd
dluuhl-ftn mg

(D lntlttrrtion of rtr[rnflow throulh ttt rm borOm in elluvhl'frn rrou

O lnfilartion of lrrigrtion wttrr from rurfs.wrir tnd grould.wttrt loulc|r in
low rlluYirl'frn sd rellly'floor tt3rt

(} Subsrfs inflry from rdircrnt brsim '
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FIGITRE 5.--!tean ar:nual precipitation, 1958-85. - Distribution from
Californi. O"p"rttent- of Witer ResouEces (1963b, pf' 2) i amounts

;;;r Gliio;i;-;;;i"ttettt-of wate! Resources (written coturun''
198?). 
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TABLE Z.--itecLpitation data f,ot S$-af,titude stolage gages

in air-a-iajice"t to st'udy atea' .7987-89

1--, no data availablel

Precipitatl'on sLte
(Plate 1)

Cumulatlve PreciPJ-tation f,or
Iigted PerJ.od (l'nches of water)

ffito April 1988rto
airil 1988 - ttrid-1989-

Land-surface
altitude

(feet)

')
1. Spanish Flat-

?
2. Sbaffer ltor'urtain-
3. Fort Sage llouatalns
4. Skeddadle Mountains

1r710
5;660
5,600
51260

5.5
s.1
2.4

13.4

]-0.2
6.4

I Sit" l vLsl,ted:Ln trlay 1989; bLtes 3 and 4 vl'stted in April 1989'

2 ltashoe county 9a9€r installed ln April 1988'

3 Destroyed by vandals between AprLl .and .fune 1988.
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At, the Susanville Airport (altitude | 4t148 ft) r_ the clinatologJ-cal
station in the basin for w-hich'the longest Period of, record is availableT
t,ei"-itn"af p=ecipiiaiion ior the 30-y5ar period 1951-80 was 14-3 in.-ip.-dfo""i-Cfir"€i! 

CenterT 1982). ThF rate of precipitatign-varied
ie"Jo"iffy, f,rom a mean oi aUou! 0.3 in..per_month during.ruly, AugrustT and
!;;t.rd;'i,o aUoui i.Z in.,pe! month during Decernlcer and,ranuary' ag shown
l;-;igtfi 5. o"ii"g 1931-8b, tot,al annual-precipitat'i9n.19 the Susanville
Aft?;;a-;anged iior-t.e i". in X9a9 to 28.?-in. in 1940 (fig. 11 .

estfuna ercolation llodel (DPM) r . a set of conputer
piogians rhar G;-rong-tert data on 9"uv precipitatlont^d11^1l_,programg tnat usgs long-EeEm cl.lEa crlr qarlJy Prrtt.;rPruqesv$t w--J
tetq)erature, soli-chi=icterLslicsr and vegelative cover to detern'Lne valueg

-A - t 
----33

--Direct inf,ilt,ration of PreciPitatlon was

It
:l

for- evapotranspiration (evaPoratlon plus Lranspiratiol.Uy Plalls) 7 runofft
and recfiarge. ifre-sroaei, rlich calcirlatec the areal distribution and
ine"age voiume of natet ttrat percolates past the root zone to becone
i.cttiige was developed for us-e in eastern l{ashington, a1 arif, to semiarid
iiei siraitar ln ciiiite to the Honey Lake basin. The algorithtos tbat the
model uses to calculate potential eiapotranspiration and surface runoff are
directly applicable to.the. study area-

The rnodel produces an estl.rnate of recharge on the basis -of pltysical
p"o.-"se"; it irses drta frosr the basin under investigation, aad I't
calcutare" .r "iIi9y-;;t;;lsture 

budget. Hydrologic f,actors lncluded in
the model """ p"iclitiation; air tery6ratgrel solai radiatlon; interception
#-p;!gf;iiiii'on-Uy ptant f,oliage; alclrmulationr s$lturation'. and neJ-ting
of, snon,. accumulatio-n ana evapofranspirat,ion of, soil noigture; and surface-
water :nrnoff

u.8l!$.tgBl.--Ar wlth all nodelt, the DPlt can only approxlmate the
conpfexity ot a real systen; sinplifying assunptions ryst bg.made' For
;a;;G, i single set -ot value.s is aisumed to reprg:sen!-9-olditions o\t€r a
hete-rogirneous tract, of land (a nodel-grid ce11). The DPM does a sepalate
budget-calculatioa for each grLd celI-and does not route runoff frorn one
celi to another. It ectfunat;s only the recharge that i3 derived f,rom
piEEipitiiion otr tlre cell areai reEharge frorn seepage_of streanflow or
'iriigition lratet is not included unlesi daily.stleamflow and irrigation 

-
wa1u6s throughout the basin are supplied._ ttris Lnf,o:mation is unavailable
for mogt of nonei iake Va1ley. Tha-DPu does not'cons:lder the possible
eff,ects of the p-e::neabJ.lity 6f consolidated rock beneath the soil zoner or
il.-cJ"ttibutio'ns of groun-Cl water to soil moisture where the water tab]-e ls
shifior. Furthe:::no=el it does not account for infl'lttat,lon of ruaoff that
*V-roigtate to adjacent cells or for the delay of runoff when the
G;p[;g;; f; ab6;; freeziag but, precipitation is terporarilv stored in a

residual snowpack. The methods, equatignsr and assuqrtions used to
si.otate proclsses in the DPt{ are described Ln detaLl by Bauer and Vaccaro
(1987)

uErhod.--Anorth-south-orientedgrt{lqssuperilpogedol.arnaPoftle
study-area rithi; Honey. Lake Va1ley qo divLde. the area Lnto dLscrete cefls
(fiq- g). ffre Oif gri& tor this sludy consists of 11739 cells' each,of
i-;izr-incfuaing ?4-j.nactlve cells over Honey Lake. lhe model calculateg
E.ifV, rontfttyr-and annual energy and noi:ture budgets -at each Erid ceIl
ioi-iite sjrauliiLon period. It iverages the nonthly and annual values to
dete:mine m€an montlly and long-te::n.annua1 volurnes of water for each
;;tpgj!;a of the molsiure budget, including water tbat Percolates Past the
root zone to become recharge
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EXPLANATION

HYDROGRAPHIC BOUNDARY OF
HONEY LAKE VALLEY

STUDY-ABEA BOUNDARY

MODEL-GRID CELL - - A?.r, 1 tqur?. mll.

CELL USED TO REPRESENT HIGH-ALTITUDE
TEMPERAruRE DATA - - Slr t xt for ditrlt$ion

WEATHER STATION AND NATIIE -- LrtIr
Indlcror typr of drtr urrd for Drrp Prrcolrtlon
llodrl: P, prripitrtion, T, rir lrmprnurn
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The energy-budget calculations are based on solar rad:iation and
thermal energf-at eich grid cell. Energy values are deternined from the
daily rnaxinui-and, minirnurn air tenperaturee at weather stationgr and are
aaju-stea for the distaace to the grid cell froro t'he stationr the
ief,perature lapse rate (vertical teugrerature gradient) in the regionr- and-
irre'iitituder i1ope, and aspect (Iand-stope oiientation) of each grid ceII.
ine model appfies- available energry to either snownelt or Pot'ential
e""poiii"spiiation (the araount of-evapotranspiration that would occur if
unt-fudtea -water were available). potentlal-evapotranspiration energy is
used for: evaporation of raoLsture intercepted by the plant canopyr snow
sublimationT soil evaporatlonT and plant transpiration. Excess energy

'becomes sensible heat or reflected radiation.

The dally rnoisture-budget calculations ate based on incident
precipitation-at each grid ceu. Daily precipitation recorded at weather
itati'ons is aaj';si"J uv-i[" dist,ance to lrre g]ia cett and weighted by the
average airnual-precipilation at each grid'cell. Depenzl{ng 9n whether the
daily-terperatuie is- below. or above f,ieezi.ngr' the raoisture is added to
eith6r sn-owpack stolage or intercePtlon storage in !'he plant canbpy. 

_

Stolage is ieduced by-sublination from the snow pack or evaPoration from
the piant canopy, suiface runof,f is subtractedT and the -remaining noisture
is aZtded to soil-rooisture storagre. Soil-evaporation and plant-
transpiration rates for the soiL and vegetation tlPeg specified in the cell
a=e sirbtracted frorn the soil moisture for each soil Iayer. The remaining
Iratet (the part in excess of water that can be treld in the soil or
evapotraBspired f,rom it) is the deep percolatiollT oE.reclrarge.

potential evapotranspJ,ration-is calculated using the ilensen-Haise
rnethod (Jensenr 19?3), which is suLtable for arid to cemiarid climates.
Surface runoff is caliulated by the modifled Soil Contervation Servl'ce
(SCS) nethod of wight and Neff (1983), which was developed for rangeland in

. eastern Montana. itris method produced results that correlate well with
rneasured runoff in areas that.receive less than 10 Ln. of annual rainfall'(.7ohn.t. Vaccaro, U.S. Geological Survey, oral couuun., 1989), sinilar to a
large part, of, the study area (fig. 5).

Dlg.--Info::mation iequLred for energry- and rnoisture-balance equations
consi.sts of three tlrpes: data on attributes of each cell, time-series data
fronr specific weathel stationsr and basinwide data. Cell data include
Locati6n (tatitude and longitude).r,Iand-surface characteristics (altitudet
slope, and aspect) 7 soil characteristics (texturer available water
capicity, ana- tnicicness) r mean annual precipitatlon, and tlPe of vegetative
coier. -iteather-station data consist of daily valueg of, precipig,ation and
rnaximtun and ruinirnum air telperatulesr and average July maximum and minirnum
tenq>eratures, f,or the 20-year simrlation period (196X-80). General
basinwide data are avelage rnonthly maxirurrm and minirnr:n telPelature-lapse
lates, snowrnelt coefficient and subtination ratesr and mini-rnurr Potential
evapotransPiration tates

Daily precipitation data for 1951-80 fron five weather statj.ons nere
used tor itris stiray (the National l{eather Service site at the Susanville
Airport and the catltornia Depaltment of !{a!-et Regourceg stations at
Itiiiora, wendelT FJ,eroing, and wLUow Creek Valley; ffS. 8).. Stations were
jCfecreb on the basis oi'diversity of settLng (l'ocation and altit'ude) alq
ioiliiUifiry of tong-teEr records-. The annual.Precipitllion. at each grid
cell-tiJ ouiainea ui aigitizing the precipitation rnap (fig' 5) and-using a

tiiaaing prograar (w6Uring, 1981) to caLculate the value.at each cell.
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DaiJ.y maxinnm and minlmgm air tenperatures for the entire si'mulatLon
period r""e ro"ii"Ufe to" only one weither station tn g'!re basinr the
Ei"iiirii;-Ar;;tt si"iio" (fie. 8) . Durins Les1-80' air teryeratutes at
.""i"n1re u=iort varLed f,roro--23-oF on February 1, 1956, to 103 o'F on

;;It-i4; tgiZ.' ei" teop"aatures "t So""ttttille airport, are. surunarized in
iifrr; b. By use of teiperatoie dati from onlv the Susanville Statlonr the
DpM producea unrtaioniUf! simulat,ions of, snowpick duration and recharge in
coroirison with observed snowpack and recharge periods' lhe tenpeaatules
;;T;i;-;!ritl""rv-io*:iriiiu-ae (4,148 feet) -station were too hish to
maLntain . "tto*illk.;i 

ih;-trigh"t ittitudes. therefore' to sePresent daily
."*it"t and min-j.ulro teryeratuies at a bJ'gher attitudeT data-from the
Truckee E{anget Stiifo"r-a Sierra Nevada ieather.station in California about
50 uui south ot iJney l,ife V"ttey, were used in the DPU grid.at a cell that
tas iinifar aftiiua3 (about 5r0-0b ft), slope, an9. aspect (t19' 8)' only
["tp"i.i"ie aati, -"ot'piicipitation iita, -tr6rn the Truckee Station were
;;a. rhe lapse'r.ies'i"iii,icaf tetperature gradlgnt). used by Bauer and
vaccaro (Lgg7 | p.-i5i-tdr-ninirnurn an-d mari.rnr:sr-montlly.telPeratures in
southeast"rtt W"-"tri"#,o"r-ana Uy llorgan (1988, P. 81) in-the Goose Lake
Uasin about 120 rai iorti, of no-ney Line, were uged for this study'
.subtfunation and snowmelt, tates w-ere adjusted to match slnnlated snowpack.
duration ana rna*Gin-aEp*r-rittt oUse::o6d snorpack.conditioas,at the Truckee
station. A sublimation rate oi 0.1 in/d andinowurelt rate of 0.4 (Ln,/ocr/d
ieJ"ii"a in tbe closest approxS.natLon of cLurulsted to observed snowpack.

Land:surface altitude, slope, and aspect wele calculated at each grid
ceff UV .aigiti=f"g-aititnai coniours f5ortopographic maps.and applying a-

.orp"I6rGiiaai"g-=ouiine (t{ebringr-.1?8+) . - r,ana-lurface altl-tude for each
;;ii-|t3 5ut"i""6 lv-griaaing the-iligitized altitude contours at 1-mi
intervals. a:,tiiudlg-were tf,en griaied at 1/3-ni Lntervals to Produce nlne
nii"es ior each-i-nit ce117 and lrograns developed by- Graharn-and othets
iilggt iere-uiea to dete:ttrine slbpe-and aspect fron these valueg'

rrrl rr{ 1 }rrc '^? ri.6r!{ ation fll WaS.. The'predomlnant soil tltPe or assoclatl.on for each grrq 9:
deterrnlnea trosr.ilS--;.""tJ-ioff raps (Bar:mer, 1983; u.S. Sotl Conselvation
a;;i;;;-tlri6en ioo**., rSaal . iOaitiggql historLcal soil Lnformation
was obtalnea tion-euernsly and'others (191?) . Average tgTtu-lg' availabJ'e
,iie"-toraing cataciiy, aird root-penetration depglr o-r-soil.thlckness of
each tvpe r"s co;;ote&'f,ron aaii'oUtained from ltre u.s. Soil Conserwation
iErri.E-irifitin Lomun., 1988). The predouinant sol'l tlPes and
iitociations wele groupei lngo 24 categories-oa the basis of these
;;;;;t;;iJiics-itiuie-it' and each grid cell,was assignld a- nunber frour 1

6-tA:--i[t-aritirluiron'6f soit Eroips used in the DP]t ls shown in
figrure 10.

Land cover at each grid cell was'estisated from land-use and land-
cover mapc 1u.a.-eeoiogiEal Survey, L979a; 19?9b; 1980a; 1980b; 1983)r and
assigmed to ont of six-categories-: forestT glass (includes resident'l'al and

;tG; Urtift-op-aiiasi' sage (to represent-rangeland)r af!1]fa (to rePresent
;;;i;"Ii;rat iana), surta6e water ind wetlandsr or bare soil (ftg. 11)'
ii"a:""e and land-cover categories are defj.ned and classif,ied by Anderson
and others trgiSi.--ga;rnno iitGa for root d€prh, percentag.e of foliage.

"i".i, 
."a Gt.ilipio;;ap.city for DPll land-Lover categories in this

srudy (table a) are the saroe ii-those used by lilorgan- (l'9-88, P..99) Ln the
Goose lafe arelr-a"a-iie-based on infomatlon frolr the U'S' Soil
Coni"nt.tlon SeivLce an€l the U.S. Forest Serv:lce. R9o! deptbs are for

"ej"iitron thal-uJeJ Joil-noLsture derived from preclpJ.tatlon- Ground-water
oi6 Uy phreatoPhlztes lg not included in tbe DPM'
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lspnnrarized f,ronr soil maps and data from Baumer (1983) and-U.S. Sol].'-Conseroat,ion Service (irritten conrnun., 1988). Distribution of soil
groups ls shown in figrure 10.1

I
!'

Soil
grouP
number

Tq<turel

Range Avetage Range Average Range Average

Available
water capacityz thickness3

Nuniber

of 6-lnch Nr:mber
layers of, soil

Ln nodel t14res in
cell group

1 1.0-1.6
2 1.0-1.7
3 1.5-1.6
4 1.8-1;9
5 1.8-1.9

6 1.8-1. 9
1 t.8-1.9
8 1.8-1.9
9 1.8-1.9

x0 - 1.8-1.9

16
1?
18
19
20

2L
22
23
24

2.0
2.0

2.0-2.L
2.0-2.L
2.0-2.L
2.0-2.L

2.0
2.t

2.0-2.L
2.2-3.0

2. 6-3.0
2.3-2.9
2.1-3.0
2.3-3.0

0 .3-0 .7
.4- .1
.9-L.2
.5- .6
.4- .5

.3- .e' .1- .9

.1- .8

.7- .9
1.0-1.2

.4- .6

.5- .5

.3- .5

.1-..9

.7- .9

.1- .9
1.0-1.1

1.2
1.0-1.1
.6- .8

.5- .9

.5- .9
t.t-2.1
1. 0-1 .2

L.2
1.3
1.6
1.8
1.8

t.I
1.8
1.8
1.8
1.8

2.0
2.0
2.0
2.0
2.0

2.0
2.0
2.L
2.0.
2.5

2.9
2.1
2.9
2.6

0.4
.5

1.0
.6
.5

.5

.8
..8

.8
1.1

.6

.6

.5

.8

.8

.1
1.0
t.2
1.0

.8

.8
. .8
L.4
1.1

2L-46
50+

21-30
9.-28

30-50

50+
L0-25
30-53

60+
23-30

t0-29
30-48

60+
t6-26
30-58

60+
20-25

50
60+

19-28

30-51
60+

30-50
50+

30
50+
25
18
38

22
35
60+
2t
40

10
L1

2
8'

19

60+
1.5
40
50+
21

I
I
t
t
t
I

22
9

11
t4

4

21
t2

9
2t
15

10
2
1
5

10

11
16

5
3

5
10

4
3

_5

10
2
?

10
4

4
6

10
4
1

10
4
8

10
4

6
10

1
10

11
t2

.13
14'15

50+
22
50
60+
22

35
60+
42
60t

t
I
T

I
I
I
t
I
I

f, fot"L range (d.imeasionless) Ls frosr 1.0 (sand) to 3.0 (clay1, on the
basis of, the uppe::nost laYer of soil

2 Inches of water per 5-inch thickness of soil. -

?- Average thickness of, soil, in inchesT froar f"rra 
"rrtface 

to Lnpervious
layer (hardpan or bedrock).
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';l
iil IABLE 4.--Irand-covel charactetistics used f,oz

. DeeP Percofat,ion t{odeJ. caJ'cul,ations

lFrom Morgan, 1988r P. 89]

ill
il Category

(figrure X1) Cover tfzPe

l,{aximun Maximum
root depth foliar cove!

(f,eet) (Percent)

Maximum
precipitation-
interception

capacity (inches)

1

2

3

I
10

13

Foregt
Grassf)
Sage-

.e]'fa1f,a4
Water and wetlands
Barren land

3.0
2.0
4.6
5.0
0

0

..8 0

100
3gs

100

0

.0

0.4
.05
.05
.11

0

0

. 7 Includes residential and ot'her built-up areas'
' 2 n p=esents all rangelanrl-

3 Maxirnum cover is lower than 35 Percent in northern
of, basin, and lrigher in south and west.

4 R"pt"".nts all agricultural'land.

and eastern Pattg
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Dat,a on streamfLow and application of irrigation water can be included
in DPM calculatLons for individual cells. The largest sourqe of,
streanflow and i"iigition water in the lloney Lake bisin is the Sugan River.
llost surface water ittinately is transpired by crops or evaPorated,fro-m the
Joitace of Honey Lake, but during Part of the yeat-some streatnflow and
irrigation watei infiitrates to the water table. These sources were not
incfiaea in the DPM for Honey Lake Valley because daily strearnflow and
iriigation.records.for the si-mulation peiiod- are unavailable for most of
ifre-;iuay area. To account for these Lontributions to deep percolationT

""p"iii"'esti-nates 
were made. These are digcussed ln the sections tit'Ied

'I;filtration of Streamflow' .and.'Infiltration of lrrigat'ion water.'

- Ca1:tbrat:Loa.--The Deep Percolatl,on Mode1 was calibrated by adjusting
subffunat,ion and snowmelt rates to achieve a satisfactory geasonal
aiiiiil"iion of recharge throughout the basin and to natch the annual
duration of onowpack a! dn altltude of about 61000 ft. Part of the
calibration procLss nas the addition of, temPerature data from the Sruckee
Ranger Statl-on. Without the inclusion of, daily rninimum_and-maximurn
temfreratureg from the Truckee Station, the naximr:m simulated recharge frort
deei percolation occurred durJ,ng the montlis of maximum preciPitation
(Deletber, .fanuary, and februar|; f,ig. 5) . The cold terperatures provided
by the Truckee aali increased s-imulaEea snonpack thickness and'durationt
thus delaying rnaxLmum recharge.

To caliJcrate the model, snow-course data from the fruckee Ranger
Station were compared with the DP!-l results for each year of the'simulation
period (1951-80)-. The dates'of first and last days of measureable snowpack
ind the date of, maximusr observed snow deptlt at the Tnrckee station were
corapared with DP!!-simulated snowpack dates at -a grid cell. that is similar
to LUe fruckee station in altitude, slope, and aspect. The lruckee station
i"a-ifre-gria ceff iepresent forested ar6as at about 6'000-f,t altidude.
Analysis-of 11 years of data from the Central Sierra Snow Labolatory_near
Soda-Springs, Cilitornia, indl,cates that the mid-altitude (6t200 to 7t200
ft) Silrra-Nevad,a snoer zone hag a mld- to hiEh-deasity for' :t canopy, whl'ch
extends the Beriod of snowlnelt runoff as mlrch as 4 weeks conE)ated to- open
ateas (BergrnAn, 1985).' Ihis geographic setting and e:<tended_snowpack
perJ.od apptJ.es to the real and simulated Truckee sites as wel'l. The DPM

iuUfirnati-on rate and snowmeLt coeffLcient were adjusted to obtain
satisfactoly matches between sj.srulated and observed snowpack duEation and
sirnulated a-nd observed dates of maxirur:m snow depth. The results for each
ita= of, the 2O-year simul'ation period are sho$tn in figrure.12' For'this
ieriod, the max-imr:n simulated recharge f,rorn_ deep percolation occurs in
ilarch. Most of the reclrarge is at, trigher alt,j-tudes, wbere water-level data
are unavai1able for coq>arison.

Be$fjttg.--Mean rnonthly water budgets (fig. 13) calculated by the DPM

sbo"r seasonal variations i; evapotranspiration, nuroffT and recharge.
itripoiianspiration shorrn in figure 13 is the suat of soil evaporation, plant
t""'""plration, evaporation of water lntercepted by plants.before it reaches
ifrJ gi"Ga, ana snbr sqblinatLon. Actual evaPotranspiration frorn available
rnoisture slrown in figrure 13r is much )ess than Potential evaporation
O"ffoited noisture):durlng uost of ttie yeat.be.cause.precipl'tation is scant
durJ,ng the nonths wben potentl.al evapotranspiration is greatest- fhe
i"tiige budget balances-although the monthly-budgets.do not. During the
sunnei, evapotranspiration p1u- runoff exceed precipitationt. and ao
recharie oclurs. buring thl winter-, precipitation exceeds the total
;;6;;;;"spi"iiio", nrn5tt, and reclaigg.uegguse sone_Precipltat,ion 1r
stoied as lnor"lrack and soii moJ'sture. -sinulbted nrnoff is greatest in the
wiater months Lecause precipitation is gteatest.during those-nonths and
because the Dpt{ assumei tbal rain on sn6w imrediately-runs offr, although in
i.ifity it nay be absorbed by.the snowpackT thus.delaying runoff.
Estinaied groirnd-water recbalge by deep percolation.is greatest in February
ind Uarctr, -when mean air tery6ratirre ii Lbove freezLng in much of the
basin, but the growing lteason has not as yet begrun.
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1962

1983

t964

(srMUr.ATED)

(oBSER\ED)

OCT NOV DEC JAN FEB IIAR APR MAY JI'NE JULY AUG. SEPT

FIGITRE 12. --Sirnulated and obgenred snowpagk duration (upper line and
Lower line, respectivef,y, of each pair), 1951-80, at the high-altitude
meteorological site (fig. 8). Lines extend between dates of fj.rst and
last days of measurable snowpack,' iatemediate poiat j.s date of naximnm
snow ciepth.
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FIGITRE 12. --Continued-
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1;ong-tegn anaual recharge, as calculati4 by the DPtrt, dlff,ers with
location as well as with season. Esti.nat€d annial rechaige ranged f,rom nil
o17er farge paEtt of the valley f,loor to more than 4 ln. along the c8est ol
itre Oiarn5ndgor:ntaLnsr as shown Ln flgrure 14. lhe DPlt €st,imate of mean

atrn""i recharge iion-ir"Cttpitatton foi tlre study area totalg about 551000
acre-ft

Tot,al nrnoff was calculated by the noaer for tlre wLllow, skedaddler
and Cottonwood Creek draJ.aages (ffg. g) and.coryared wLth-rneasured or
estLmated streanftbw fron eich of itre tbrce'basins to evaluate DPM results
fi"lj" Sf. .The Dplt calculates aunoff f,rom each grid 9?fff put tt does not
ioute the f,low f;a!o cell to cell. fherefore, downgradLent I'nfiltration
losses are not calculated, and sr:noff fron tnany areas could be
overestimated.

The three basLns (flg. 8) were gelected on the basis of, dlverslty of
drainage-area characterlsiics and locatJ,on, avaLlabilJ.ty of, stleanflow'
measurenents or estimates, and transferablllty of results to the2ground-
waeea f,lowmodel. Willow Creekl which drains an area of 90.4 mi- in t'he
northwest part of the study area, J.s a gage$ stream with a long qer.rod.of
record. ^Tire Skeddadle Cre6k basin (83-I mi') and cottonwood Creek basin
(14.5 ni6) contribute sereanflow to the eastern part of the study area'
IJong-term annual streanflow of, Sksddadle and Cotlonwood Creeks was
estillated, fron monthly m€asuaement,s by correlation wl,th avelage mont,hly and
arurual m€asurem€)nts on gaged gtreams (Rockwellr I'n press) .

On the basls of, data f,or 1961-90 nates yearsr the average strearof,low
fron tlre t{llJ.ow Creek basia Ls 23t000 acre-fE/yx (tab1e 5) . Runof,f
simulated by the DPlt (3?1000 ac.re-ft/ys) for the sarne perlod Ls 1.5 times
greatea foiapproxlnately tbe same area. StrearnfLow simulated by the DPll
ior Cottonroo-d-Creek (3r?OO acre-ft/yr) Ls 2.3 tilnes greatei tban ttre'
estlmated strearnflow, and streanflow sLnulated for Skedaddle Creek (L?1000
acre-f,t/yr) is 3.4 ttnes grebter'than estimated streamflow.

the WL1low Creek basin provides the best corparJ.son because Lt has a
long perJ.od of, record and beLause relatlvely inrpe::uteabler .granitic bedrock
along the southtrect malgin of the area inpedes subsurf,ace out,flott
Consequently, nrost of the outflon Ls at the sutface and'is'measured by the
gage. - Furtf,iznoreT the l{Lllbw Creek stretrm gqge is J.n 

- 
a canyon uPstEearn

irom areas where substantial Lnfiltrat:lon losses are llkely. Streamflow
estLmates for the Skedad&Le and cottonwood creek basins are less accurate
because they are based on lL.mited datar the drainage ateas are underlain by
fractured volcanic rocks tbat are pe:meable.in places, and the potential
exists f,or upstream infiltration and subsurf,ace outf,low.

In sr:mnary, the DPlt is a useful tooJ- in esti.nating recfr arget but it
could underestf'n'te r.echarge in areas where precipitatLon is.not, the sole
source of rechargre, in pla-es where matetiafs beneath the soil zone are
pe:meab1e, and itt placei'where rainfall ls tenPorarily etored in an-existing snowpack.- To iryrove recharge estjJnates{ dala.on daily streanflow
and applj.cati-on o.f irrigalion water should be included in the DP!l. Because
daily itreanflow and iriigation rates wete not availabLe for this studyr a
sepaiate, independent estimate of, surf,ace-water inf,iltration was made.
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FIGI]RE 14.--Mean annual recharger 1961-80' -as sigulated by'use of the
DeeP Percolation llodel.
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TABLE 5. --SiruJ,at ed tunoff and nreagu ted 'or
- Siadaddle, and Cottonwood Creek

a"ih"t.a ntioff, from ltllJ,ov,
dtainage aEeas' 19.67'80

::: :'.

-l:r'ri

fl

ii:

l:
Fi

r$.
I

,F

e lrj

.J

Slnulated witb
Deep PercolatLon I'todel .

Measured
oa €stl$ated F€t,Lo of

simulated
ninoff to'

ngagured or
estimated
runoff

Rrrnoff
(acre-feet
per year)

Drainage aaea'
(nurnber of
square-nile

cells)

Runoff
(acre-feet
lrer yeaE)

Drainage
area

(square
miles)

t?;

Stream
T*

9[Lllow Creek

Skedaddl'e Creelr

Cottonwood Creek

37r 000

17r 000

3,700

lzsr ooo

5,000

11 600

90 .4

83.4

14.5

81

81

13

1...5

3.4

2.3

l,'ii
-':trr
l;
-'ihu,
-

l$
?:

l:iI;J
,II

-t.lir
li;

-.

!

f:
l''
t',rJ'

r;
l.

I
T

t
I

I lteasured.
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Total mean annual jtreamf,low Ln the study arear gumrnarlzed in table 6t
is an esti-nated ZSOTOOO acre-f,t (Rockwell, in-press), on the.basis of
continuous roeasoi;ro;nts at 3 streans t (21'rnonthly measulenents during.1988
at 18 srnall streans that were adjustLd to'long-term average by comparison
i. gigf"g-Jtiiio" records, and (3) relations between drainagre area and
long-te:m "tte""gL 

streanfiow (that Ls, average f,Iow per unit drainag-e area)
ioi-fO-i"ternriitettt streans and f,or unrneasured basins in the rest of the
study area. Strearnflon nae est,imated at mountain-front locations for all
d,raiiages areas except f,or two streana: the .Susan River is rneasured at the
strean gage at Susan-viue and the f,].ow of Long Valley Creek is estimated
lrorn measo"ereniJ-at the study-area boundary iouth oi ooyle. The estfunated
streanflow totai is 21-percenl higher than Lhe'anount estiroated_by Clements
ii,88, e. g) for surfac6-water an6 subsurface inflow to the valley floor.
The d:lfference ."V-U. a result of dif,ferent ngthods used in the two studies
to estinate flow frorn ungaged areas

Some'gtreamfLosr evaporates or is transpired by vegetation along stleam
channels, some of it flows into Honey Lake, and some of j.t_percolates to
UeJore ground-water.recharge. To deEermi.ne thg relation of streamfloet to
ground-iater recharge for itreams in different settinger.seePage
measurements nete rnide on eight reaches of five ttleams ln the basin (Fort
G;;; Long Valleyr liillr piuter and Gold Run Creeks) in Decernber L981' when
.evipotranipiration nas minirnal (Rockwell, in p=ess). Seepage rates are
est-imated trorn near-simultaneous measurements of st=earnfJow at diffetent
pfi-es along a channel to determl.ne whether strearnflow. is lncreasing or
hecreasing in a down-stream dLrectlon. The five stleana.are shown on
plate L. These m€asurements were.Lnsuff,icient to dgfine speclfic
ielationsr'but they.can be used to verify infiltrationr'and sorne
ge"e""firitlong cai le- extrapolated flom them. In upland {t?t" in the
iorthwest part of the basin -(ptute and Gold Run Creeks) and in the Sierra
rqtniaa ilniif Creek), stteans may gain or'lose water in dlfferent reacheg
atp""aitig on sfoper'bed raateria-Is, and s!,age._ Larger streams (Long-Val1ey
a;;it-#y-gain -rater af,ter thejr ieach the valley f,loor.-_H9?eveT' _in the
roii i"iA-pi"ts oi-itre basin (f-ort Sage Creek), nearl.y al1 flow infiLt'rates
thtough pe-rmeable deposits and fractured rock to the_ground-water system.
In ar6as'of, fractured volcanic rock aotth and east of the Fort Sage
Mountainsr Strearnflow seldon reaches the valley f,loor; I"I Srf"tople, the
flow of Siceddad..Le Creek decreased at'a rate of-about 0.8 ft"/s per mile of
reach (GeraLd L. Rockwell, U.S. Geological Survey, oral cormun', 1988) '
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leal.,g 6.--DLstti,butjon of gqai:..annual staeamflov

[Based oa data fron Rockwell"(in Press)I

part of basin (plate 1)

7
Drai.nagE aaoa-
(square nilEs)

Strearnf,low
(acre-f,eet

2

)

Nostb and eas! (SPencer Credk neaa
Herlong to Forc Sage Creek near
iianigin [ground-witer flow-rnodel area] )

Southeast (Dry Valley Creek near Doyle
to Willow nanch Creek near DoYleT
excluding Long ValleY Creek)

LonE ValIeY Credk near DoYle

South and west (ifLllow Ranclr Creek
near DoYle to l{illow Creek neat
Susanvi-ller €:(cluding Susan nLver)

Susan River at SusanvLlle (gaged)

Northwest (between gfillow,.ireef and

135

266

168

282

184

, 56:

13r 000

8,400

17,000

90,000

59,000

31, OO0Spencer Craek)

Total aEear cicluding vailey floor
a'

1;60o 230r 00'0

,::

Rounded to three sigmJ.f,lcant f,l.gures.

Rounded to two sJ.gmif,icant figures.
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. Along ttrb Steria Nevada, most seePage ig_ througlr alluvial fan and
,re.rshoi'"tdeposits. The downstream exlent oi these depositsT rneasured from
;h;-;;a;ci--.rrti-6ia=o.i ;; tn; contact with less permeaPre-I1ke {eg9s1!st
averages about 1 rci. If 'the seepage rate is.assumed to be 0.34 (fE /sl/ttlr-,
nhich is the ""etaE" 

riie tor f,olr-Iosing reaches teported-by Rockwell (in
piEi"fr-tf."t annuai ground,-water recharge from 12 per9lnia1 streams
l"ii"Lirg *te sie="a frevaaa into Honey.r,ike-valley would be about 3'000
icre-ft] This rate probably is a mini:num because the measurements Ytete
nraae au=ing L988r-itt'rrttosttaify ary srater-year, when little streatnflow nas
i"iif.Ufe io intiftrate. Seepage-fron 13-reaches on 6 streams in similar

""iif"g" 
in the GoJJe r.ate Uaiii, abciut 129 T" qo5!h.of.Honey lJake valley

on the Californii:Oi"go" borderr-averaged 0.5 (ft"/s)/rui (t'lorganr 1988t

;-: i6i, -orfricfr is Elso-Iower than the rite observed on Skeddadle Creek. By
'uging'ifre O.S (ftrls/ni) rate, annual recharge from the 12 Sierra Nevada
;i;a;r" in Honit-*r.L viuey wogld !e.about a'300 acre-f,t; bv-using tle
'Skedadd.Ie Creek rate of O.g- (ttt/s)/sti, it would be about 7r000 acre-ft'
Inf,iltration from more than 20 additional streans that drain the Sierra
G;tda is d.tfficuft to estirnate because the streamg are inte:mittentt on
the basls of streamflord-to-drainage area relations (estirnated at 0.54
ii3tiTriz tv iocrreu [ln press]), however, -it would total about 8'000

"c=!-it during aw-veais a-na cou:.if be considerably greater during no::mal
.years. On th; baiii of seepage observations, average annual-recharge along
ihe Sierra Nevada from lfill.-ow-Ranch Creek to Gold Run probably is srore than
L2r 000 acre-ft

In the north and east parts of the study 8!€d7 vegetation in st,rearn
channils is sparseT irrigation diversLons are uncortnon, andl in dry to
normal yeats, neariy all streamf,low infiltrates. From Spencer Creek to
fort Sale Creek, anirual streanflow ls about 131000 acre-ft (table 5), hence
annual iectrarge also is about 13'000 acre-f,t

Alnost al,I lrriSatlon diverslons are from strearnflow ln the southeast
to northwest par-s oi tUe basin, prlncipally-from tbe Susan River, Gold Run
,Creek, and Loitg Valley Creek. ' ifnnual slreanf,low f,rom these aleac totals
aUont'2ZO|OOO icre-ft- (table 5). Aboug 54'000 acre-ft is divelted for
fiiigaiioir, as aticossea in trri following iection of this reportT leaving
a6;t 1?Orb00 acre-f,t of, stleamf,low to recbarge ground-watet or flow to
i;;;t iaXi. The diff,erence between 1?0'000 acre-ft and the amount of,
streamflow that reaches the Lake is approximately equal to ground-wate!
itctrarge fron thes€ BE€8s1 assr:ning that evaPotranspiration from streams
and stieam charurel vegetatLon is minor. '

Some stleamf,low fronr the Susan Rlver and long Valley Creek reaches
Honey Lake duri.ng perlo& of snonmeltr -occasional large gto:3nst a9d a9
iiii'gatfon retufi iioiv auriirg the groiring season. stieans fron the Diamond
taouniains of the sierra neva6ir a1s6 discharge into the lake during parts of-th; 

t;;;. uocft-oi ttte watdr J.n Honey -Lake is froro these sources, althouEh
a sna1l arnount 

-pioU.UfV is fron grouid-water discharge into t'he lake by
natural seePage'ifttoogil the lake bottom and by {ischarge of geothermal
,.it=. rn ia6itlo4, ipproiJ-rnately 391000 acre-ft is fron precipitation
directly onto the lake surface each yeat'

On'the basLs of bathlznetric meaturements-of _Honey.-Lake (Rockwell, in
press).and wate;-"""t".i-iiiiiuaes for 1984-88 (fig' 15) I and assuming that
iil-;;";;fdaf;; to trte lake from gtound-water seePagg fq legligible,
annuaf,. streanf,i;r-inio the lake wai esti'rated using the following relation:

I-AV-P*Er.

where I - annual lake inf,l'ow frorn streams,
av - change in lake vo}:rne during the inflow periodT
p - p"ecipitation onto the lake surface during the-inffow Period, anci
g - "rr"potalion 

from tbe J.ake surf,ace during the inflow period.
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The lake volume'was dete:mined frorn bathlmetric data (Rockwell, in
press). ltonthty precipitation was estimated as 0.? times the recorded
irecipitation it- Susa;rvi[e Airport, on-the basis of the ratio of rnean
inn"ai precipitation over the Gke (10 in.) to rnean annual precipitation at
Susanviile eirport (14 in.; see fig. 5) . lrlonthly Precipitation data are
f,rom the Natioiral Weather Servlce. On the basis-of monttrly pan-evaporation
measurements at the Slesring Wlldlife Area (Robert Antonr U.S. Soil
consenration Servicel written cort[un.r 1988) r lake-surface
evapotranspJ,ration was estimated using a pan-evaPoration coefficient, of,
0.72 (Fara-sworth and others, L982t nap 4) . Long-term annual st,reanflow
into the lake was estLnated using the relatlon of annual streatrtflow for
each year during irater years 1984-88 to long-term annual streamflow for the
period of record lor the Susan River (1900-88 itatet years) and WiLlow Creek
(X951-88 water years). Results indicate that the long-term annual
streamflow int,o the lake is about 1301000 acre-ft (tabte 7). The
diff,erence in streamflow, about 401000 acre-ft (L70t000 acre-ft rernaining
after irrigatJ.on .riversions, minus 1301000 acre-ft that reaches the lake) t
is approxi-ruatety the amount of streamflow that lecharges ground water from
the north'west, west1. and soutbwest parts of the basin.

The ltoney Lake water budget was algo used to esti.tr|ate the average-lake
volume and take-surface altitude. The estimat,ed long-tern streanflow Lnto
the lake (1301000 acre-fE/yxl is assuned to be balanced by an equivalent
arrount of net'surface evaporation. this balance occurs when the lake-
surface area is about 471000 acres. fhis area cortesponds to a lake volume
of about 1201000 acre-ft and a lake-surf,ace altitude of about 31983 ft
above sea leveI

rral liratlon of ?rr.lgatton ileter

Additional iources of ground-nat€r recbarEe are infl,ltration of
J.rrigation yrqter frora surface-water and grround-watel sourg€s1 .and a nLnor
amount of.seipage from waste-water dicpoca! systens. The estl.mated average
volurne of surface water that j.s diverted from the Susan Rlverr Long Valley
Creek, and other streans witlrin the study area for irrigation each year is
54r000'acre-f,t. This is conputed from a range of about 41r000 acre-ft to
about 5?1000 acre-ft. The snaller asount is based on a 1985 nater-use
ebtlmate of 461000 acre-ft by willian E. Ternplin (U.S. Geological SurveyT
written corunutl., 1988), minus.about 51000 acre-ft of water used in Long
Valley upstream frosr the sFudy area. The larger anount is based on an
estimate of 721000 acre-f,t'by t{alterc EngJ.neering (1985r table 2) r rninus
about 51000 acre-ft for Long Valley use. Return f,lows reported in the
westera United States, iocluding both conveyance loss (seepage f,rom canals)
and deep percolatioa of water applied to fields in excesg of crop needst
range florn 3 to 86 Petcent of the water diverted_for irrigation,' the
aveiage return fLow has been estirnated as 25 to 33 percent (Lauritzen and
Terrell, 196?, p. 1105) . On the basis of these estinates, assuning a_ 

_

conse:ritive average irrigalion return of, 25 percent in Honey Lake Valleyt
about 14,000 acre-ft of water annually Lnfiltrates to the ground-water fLow
system f,rom surface-water lrrJ.gatlon. fle gggygyance loss repolted for
n6ney Lake Valley for 1985 was-840 acre-ft (Will1asr E. TelplinT U.S.
Geol-ogical Surveyr'written cornun., 1988)t the lest of the estimated
igigition return is from deep percolatio{r of applied.water. Tota1 g!gdY:-
area streamflow (about 2301000 acre-ft, minus irrLgatJ.on diversions' 54r000
acre-ft/yr)r leaves about 1801000 acre-ft of'surface water availabl.e for
evapotransplration and ground-water recharge in an avetage year.
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' IABLE 7.--Est!aated stre.ur j,4fj.ov to Eoney
ana ca:culated toig-tea aveitaga

Lak€t watet Yeats 1984-88t
st.reatr tnflov

. Streamf,low usagured
at gager as Peacentage of, 7

long-tern annual average at, gage-
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of
and 4

Calculated long-tern averaEe
stream inflow to lake (acre-
f,eet per Yearr rounded) r on
basls of, cotrParison between
annual estinates (colr:mn 2)
and data for Susan River and
Willow Creek (cotunn 5) .-

(6)
Water
year

(1)

Estlnated
stream

';lafl,ow
to lake

(acre-feet)
(2',|

9{i11ow
Creelc'(4)

Avetage
coh:mns 3

(s)

Sugan
RLver

(3)

1984
1985
198 6
1987
1988

L92tq00
86, o0o

21 4,000
22r000
52,000

L20
40

149
28
15

130
81

155
64
60

L2S
60

LS2
46
38

150,000
140,000
180, 000

50r 000
140,000

uean of calculated values for
long-te::m strean infJ'ow Co lake (rounded) 130,000

7a Based on U.S. Geologicral
f6r WLllow Creekr 1951-88 watet

for Susan RJ.ve11900-88 water yeartt andSurvey dAta
yeaas.
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annual withd,rawals of ground vJatel for irrigation are about 43t000

acre-ft, (based.on Clementsr 1981i; p.-el ' a"stttiig tlt"t 25 percent of the

tot,ar withdrawai--r"iriiiatls, the sane averagre iniiltration used f,or

esrimaring sortac!:;;;;;-irrigatJ-on return, ="tftiist f,rom this source would

be about 11rOO0 acre-ft. eecaul;-;;;;r-ti*'aiit"i; ;- ground ltater for all
oth6r uges in the study area toilf-onf'-aUout-10r000 acre-ft (t'able 8)'
return f,Iow frour these other "oii.."--i'" 

a negligible conponent of, recharge'

A nethod of estirnating Potential glound:water re-ctraryt-T a percent of
precipitation.wis a"oJiopea to=-ei"[:c6ntra1 

'Nevada (Maxey and na-kin' !949;
Eakin and others, 1951). It iJ ;;-.ttPiricaf relation betieen average annual

precipitation wli:frin "-basin 
.ta ttciltenlal rechatge-'to ground waterr based

on zones of precipitation. trre-netrrod assunes tbat the percentaEe of
precipitation *rit, ,rrtir"tery."ottt"ibutes to recharge is about 25 percent
where the averaiE-"""".fpi"'"fpiiiilon is gireater than 20 in'' about 15

percenr in rhe ts- to 20-in. p;;;r;r$tion.-=oner-z-pe"cent in the 12- to 15-

fi:-;;";"g-;rcent in the e-- to r2-in. zot*"-l and nil' where the average

;;";i ;;ecri'rt"iion ts less than 8 ltl'

By using this nethod and the PTe:c+pitation zones shown I'n.figrure 5r-

average annual recharge g"t"tai;d -ti*tiit the study area is estimated to be

about 95r000 ..;;r7iir-oi-"uJ"t i-e"=gent.of,.the total volr:rne of
precipitatLon ia zonei where pi""tpftitiott ixceeds 8 in' Tlre llaxey-Eakin
method was developed for cfosei-Ua-"it" in eastern Nevada; the preeipitation-
recharge "er.tiilTiar-il _;GE;i""t-lii-reis arid basins such as Honev r,ake

Val1ey. er, 
"o"io"ii-on 

of tfr. iJ-i.tfo" py neth;& othrjr than Maxey-Eakln in
1?4 basLns in the Great Basin ;;;;f;a iir Nevada indicates that 3 to 10

percenr ot preciptiaiion "*.".-iiig:'i:f".- 
b;iFa ground-water recharse in

,these'.baq1ns (ifi;;-i:-i"iiiii' ulS. 
-eeorogical Survev' written conutun''

19gg). In norr"i-irrJ-v"''ey, iotential reEharqe would be close to or
possibly gt..t"i lhan r0 p"i."-"i-6-i;;; piecipltution exceeding 8 in'
becauce ,of a ,.it"i-"ff;"i; :n 

-ifr" Sierri Nevlda and western Part of the

eoq)a'Lgon rLth U-+€y-rakLn Frtlfiate

of Potentlai Raeharie

:.I

if

..'..

To corPare the Maxey-Eakln estiglate of potential recharge with the
total. grouffd-watei:rectraig" e"tii"i"a-Uy ottrl5 methods for this studyr an

adjustment was needed to iccount;;; P"fential recharge that originates
within the goney-ili; viff"y ariinage area but, outside the study a!ea'
about g6,000 

".l"lii'oi;;;i.;-wat6r 
enteEs the studv area in the Susan

River and LOng va]-ley Creek lP'an avelage year (table-5) ' Based On the

assutrprl,on that'5o ;eTi;"i.,o- ttre water infiltrates (the averaqe tate :

esti$ated for the blsin), then t;t"!4e;;v:i"ii"-""iitiit should be increased

;;-il;ilnE,ooo-i"ie-rt'to a toial of alout 120,000 acre-ft-

A corpatiSon of the l{axey-Eakin ectl'mate.of Potential recharge with
independent estl;aies-ot recfrarl!'-tltt n;tcipitation and gurface-water

infi].trat'ionttaure-ir-ino'"trrit*ret-woestigratesdiffersigrriflcant]yf,o!
small basins uu[-ire-close tor 

-trre-overall,studv alea. The ]laxev-Eakin

teclrnique is noi inienaea tor_oIe-o" i"ai"ia""I'dr;r;;ge"--"ithrn-a basin;

estitoates for tfillow, Skedaddre, 
-.9d cottonwood creeks are included only for

conparatio" po=ii];;: -;;; ir,e-itrtire study area' the estimates were

appioxfurately equal.
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euXrri'-tar'f ?lrtl'AW

Estisatesof.recharge!'grPbasedonthe.assuq,tios-:h1:,9=ound-water
and, surface-wate; (topogiaprrfcl iiiii"I-"oi"tiae-aia tbat all q'ound-trater

recharge origfnaie,i-ii--ni.;fpitaEioilo"i tn" giuay- area-or-as-sereanf loqt

rbar enters ttre'iiE.-i"-ifr. 
-So"ii-iJvet-attd Long vllley Creglt Hoitever'

geveral factors t "o. 
,f"a to speiil"Cfoo tUat gi5ond waler +s9 enUers the

srudr area from ;aj;.;;; uisd*l:rt"se ta*oil-In"r"ai (1) -the larse f,Iow

from springs p"r6r6-sro'nd-w"t"i ,riiiiia*"ii b;#-;;=ish spri'nss Ranch in

rhe sourrreasr part, 9i g,_rre rp{rl izi--""-"u"""oEi-d.iiciencv br discnarge bv

evapotran"pit"tili l" wt"t gn"iitsJ-ie.1i3g11r -t"a-o"v 
vauavs to the

souLlreast'r (3) in appatePt -+PiGnce 
betwe"t- tltf,ttgL ana dlscharge in the

eastern pa*, of sonLy- r.ake vali!il-""E-iEi tttt-!"iilenJe oe geothermal etater

and, major raurts in Ltre !1"it-iiilft"a'eit"tv'-;6e1;-;'--*i;*'*' 
Beck and

Associaregr 198?7 p. rr-3). sJil!-ot-'t[eJe-raiio"s wbrl examined for the

Present study' 
prings valley

Although ground'-water levels beneath the floor of !{arn S

are higher *an-I,hose in norrey-i;E-virie' teealiiE"-ind othets' 1984' sheet

1,' Reed and othergr 198.4)r. ""g--lEe" 
t:ltti-t""JEiiitd' with the wal'ker Lane

structure pass through botb-va[evi'. !h9-::?:i;;;i; of, interbasl'n ftow

resuires aaaicrinli-&ic". ro iesi ltre Possilcilitt of -l'aflow 
from the

sourheasr, a pair of wells t""-iiltiiieft in SeEti'on 33r TownshiP 26' Range

tB, near rhe *i; !i"i"e"'ei'rtl"-iEi-r-roE.cto"J-iie sLontn on plate 1 and

werl data are in table to t*reris ri-ana rst ' 
'6i"-ilu--oi ttt" iair is 400 ft

.deep; the other is 290 ft deepi- iltfG a i-yeir period of, meagurementr

warer revers in the deeper-weii ,;;;;6"Ji"t3i[Lv-o-z-to 0.6 f,t' lower than-

.ttrose in tire "i.iio*"r-'re,,. 
'rnli-lndicatgs-ittai ttte verrical component' or

gror:nd,_warer t;w-ir-inr" ro""iiri -i" 
"irgrrrri-ao.rnrara. 

An upnaEd g=adient 
.

woutd sugEesE possible g,rUso=iiEi'-f'lifot,-bot'"-il-d;;;t or downward gradient

li-rtrti-il'te ii Lnconclusive' 
sprlngs and

A conqrarison of chenical analyses--of watet samples from

wetts in rtre winne*occa Ranch ;;;;'oi w",m Spti"gJ iitl""..lith sanpleg f rom

rhe Fish SpringJ Ranch area Ln-tfre soutne""t it;-tl-th9-l:nev Lake basin

indicar,e ttrat iater-qualitl "i.i.!t!if"tfEi-fi" 
the t'wo areas ire sirnilar'

Anartr,i.car a"ri-r"re'from w"";;-E;""tv;-u-s-"-pGii" ltealt'h Service' and

U'.S. Geological Survey t""o"a", and fr-om santpfes coilectea for this study'

Two larq>Ies tr;;ii"rr'Spiirrg"-i"iltt t"irs fot"iea-"eir the- plava contain a

higher propo*iJrili-"nioiia" ."a-i"iiate'lons than t'be othersT a

composition that ls clpicaf ot-titlt-aeii"ea-i=ot lake sediments and

conlentrated bv evapoiltio"' -'clil;ii!i;?-:r.;;i;"-rion 
ttre other wells is

similar to that ot iocaf sur-f,ace later, fnaicit'ing-that grou:rd water i-n botb

rhe Fish Springs Ra'lctr ana wiiiJnucJi iunctt -iitt"-fi de-rl'ved f,rorn locaL

precipitation.- Dif,ferent .o"nfftiioi"- "o"fC-ittai"ttt 
that' lhe f,low systems

probabty are not-Eorrrr""t"a; "'f;ii;;'".te.Jfifons 
indicate that either a

hydrauric ."""!!.il;';-;-;Gr1;"-"o.."=cl of, recharse exists ' .'
.IgotoPeconcent,ratl.ons-canbeusedasanottrerindlcatorofgrround.water

flow paths. ,fi;-;.bi" i"oroi";;ry^F*=ie-;d-d"uterir:m ale plesent as Part

of the rrarer ;;1"4G and can- be used as natuial tracers of around v'atel '

Concenrrarions of rhese i"ogqe!!.;f"*:**-i"-aErtt o:rygen-t6 (the ratio of

oxysen-18 .o i*i;";'-iqL :ll'dert" dLuterir:m ittre ratio-oe deuterium t'o

hydrogenl r aD.tlr5 water can indicate 'ourc" 
ittt"-ina ti*ittg patterns of

d,ifferent htaters. Data Co= "u[iE"-toff""ted 
for this ctudy f,rom three

streams and thiee wells ln.ttr! ioutheastt"tt- ptii-oi ttottey-llke Vapey' and

orher analysei-ior the "toay 
l"!;-;F;i;q^b;;;;ir ana Bohm (1e8?7 p' 60s)

and,arding r,iwson Assocj,are"-iiig6i7-;-.- izri ino"-irt" isoropic composit'ion

of rhe lraters to be sinilar, 
-fuidi;;i:'n|- tnat'these waters 'proUaUty are from

the sane or similar sources (dne;-!l: ihomas' U'S' Geological Survey' orar

conmun., 1990). 'The isotope'ilfi-"i"o-indicite that the waterg have

unciergone ,gome evaPorataon '
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TABI€ 9.--Recharge values cal,culated from
infiltration and *taxey-Ealcjn estjmates

[Acre-feet per yeat, rounded to two sigmificant f,iguresl,'l

i1

Area

Inf l,ltration estl.mates

From streasr-
Srom flow and

precip- gurface-water
itation irrigration Total

ltaxey-
Eakin

estimates

Ratio of
lnfiltrati.on
estimate to
Maxey-Eakln

estimate
::f

rl
nl

WilLow Creek
stebi&are creek
Cottonwood Creek
Flow-model area
Study area

3, 600

1,000
650

4r200
55, dOO

13,000
5r 000

1,600
13r 000

70r 000

17,0.00

6,000
- 2t200

17,O00
120,000

8r300
' "2.220

1,000

" 11,000

"120, ooo

2.0
2.7
2.2
1.5
1.0;il

[,t
a AdJusted for

Susan Rj,ver and I.ong
water transported into the study area byinfiltrat,lon of

Valley Creek.
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. Subsudace laf].ow

Estinates of Eechatg:e were based' on tbe asst$dt'Lon that g'round-wat'er

and surface-lrarea (topograpfti"i Ei"fa"i--coGciae a-nd ttrat a1t ground-water

rechargie origfniEeJ-"!-ei"tlpttafioa-ooe= the study-alea-or as streanflot'
rhar enrers trre-iie"-ln ttte -s"si"-nry-= and r,ong v1u9y^!=:?I' Howeverr

severar factors have led to specorit,ton tbat, gr5und. waler arso ent'ers the

study alea from ;ej;;; q;rl$:-irtese tactois include (1) t'he larse f,Ioe'

froo springs bef,ore ground-wat;; til;d"ariii UEgin-it Fish Springs Ranch in
rhe sourheasr part oi tne uasia] itt "n ouserea deficlency ot aischarEe by

evaporaanspr"acili i; ilr* sprilgJ-ie.aignrlgt _and Dry varlevs to the
southeast, (3) an aPParent {'dt;I;nce betweett =ect'a"g6 ana dI'scharge in the

easre=rr part of noney r.ake Va.li;;;-;"a-l1i t!" exisl'ence of geothetmal $tater

and, najor faurts ln-the tasi; iiil,n-"nd'Glancyt i?6!,__?. ^:-?!,R.w' 
Beck and

AssociatesrlgSTrp.rr-3)'sil;;t-irreJeea-ctorswereexaninedforthe
present study.

Although ground,-water levels beneath t'he floor of WaEtrr SprJ'ngs Valley
are highe= tn"o-itose in noney-iit--viffey .(ee-inger and othergr 1984' sheet

1; Reed and others, '1984)r- and EEep t""ft-s associited wigtr 3he lfalker Lane

sttucture pass through botS o"ffEilr-itte,conCtrrnation of interbasin flott
requires adaitionif 6ata. .ro tE"t-ine possiUility of inflow from the
sourh€asr, a palr of we11s ,""-IiJtiii"E ln Sect"i-on 33r Township 25' F€nge

18, near the war:m Springs raufc] -ilff-ioEit'lons 
""e slown on D1ate 1 and

we:'l data are ln t,able 10 fweui la-ind 15) ' 
-6ne-ti[ of, the iair is. 400 ft'

.d,eep; the ot,her-ia-tig it aeepl- Ouring a.l-year period of measurement'

war€! tevels in [i"-iiepet-tiii tEte-c6nJist6ntfy 0.2 to 0'6 ft' lower than-
ffi; 'i;'ifr! siatro*er well. itrii rnaicares ttrai ttre verticil comPonent of,

grou4d-water rior-"g ttt" l,"c"ii"" I"-iiig1'ily downward' An upward gradient
would suggesC io"tiUf"-J'UsureiE"--i"ifor7-but-a lateral or downward gradient
at, thLs iLte ii LnconcJ-usiv1.

A conparLson of chenLcal analysgs--of, itlt,e! samples frog. springs and

wells in the Winnemucca Ranch ;;;'of W"ttm Springs ?al1ey--with samples f,rom

the Eish Springs 
-Ranctr-a"ea in the southeast p""! of the-Eoley Lake basin

ind,icate trrat iltl':il.ii6 "ii"ii"t"iiiiics iir trre t'Ito areas are sitrLilar'
Ana11t,i.cal dat;-;;i.'i"ot m"to"-coottty, u.s. Public Healt'h ServiceT and

U.S. Geological Survey recordsr-and fr-oi sanples collected for this st'udy'
Two sanples fron Fish Sp-rLngs 

-ia;;t wells tolated near the playa contain a

nfgltbiitoportiott-oi ctriori6e and sulfate'ions than the others' a

conposit,ion *rai--i--tlrpicaf ot-titer derived, from lake sedi$ents and

concentrated by evaporation. 
-Co*iosilio+ qf water fronr the other wells is

simirar to tha{ ;;'i;;i-!"it""" -r;i;;, .indiiating.that, sround water j'n both
the Fish Sprinis-;a;;h-;"e wt*re.occ" iench areas is derived from locaL
precipitation.'-Oiffe=ettt coryoJiiions would indicate that t'he flow systems

probably are not Jonnectea; sitiii= coryositions indicate that either a

;F;;;il.-.o"il"tr; ;;-; sirnilar source .of rechare:e exists.

. Isotope concentratLons can be uged as another indicator of g'round-water

flow paths. d;-;abii i"otop"s--r.yg.n-r8_11a deuterir:n are Ptesent as part
of the water toi..of" and can-be us66 as natural tracerg of ground water'
Concentrations of these isoggnls er.pieJsea as delta oxygen-L8 (the ratio of
oxygen-l8 to o=iiei-i6l ""a=9i1ta 

deuterigrn (the ratio of deuterium to
hydrogen), in'th; water can indicate source areas and n'ixing pattelns of
diff,erent ,"t"ii. Data f,or s"opi."- colrected for this study from three
streans ana Urrle "Eii" in -the ioutheastern part of Honey Lake Valleyr and

orher anatyses-i;= .G-study ;";;-;Frte1-Uy .runcal and sohm (1987' p' 605)

and Hardirrg 1"r"o' associat6"-ti5eii; P. ?21 I show the isotopic composition
of the yraters 

'io-u. -"ir1garr, inaicii:."ir that'these vtatera probabry are from

the sarae ot "iilfir 
ioot"."'(Janes U. ihonas, U.S. Geologi-al Surveyt oral

cor6run., 1990). -irre isotop. a"i"-also indicate that the waters have

undergone sone evaPoration'
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TABLE lO.--Daea foz wells r.ef,erzed to in tlris report

l--, data aot avallablel

WelL
No.

(plate 1)

U.S. Geological
Survey

identific+tion
number-

Land-surface
altitude

(f,eet above
sea level)

Open interval
'(feet, below
land surface

ToP BottomLocal well nr:mber'2

il
--'if
ll
rl
il
*f

tl
il
TT

st

it
',1

il
il
Lf

$l
il
E"r

rl
j!:.

il

455
-100ol58

-os?o18g

irg g
o{oo

_ozoo23o

502

444
90

1
2
3
4
5

400128L20005901
400728L20005902
400832120004?01
400 918120011601
40105?120071001

40L223t200?0?01
.40123612008s901
401416120033101
401604120081501
40t1 45L20251101

40t822L2026L10t
402350120291501
4026t4t2026570L

' 400435119s83201
. '4004351L9383202

400507119550001
400509119530401
400532119545501

400533119554801
400555119524101
400557119554401
400 5001195 52301
400?01119555201

40075911950 rr0 01
4008 49119485301
400858119552501
400 9031195?1501
400 928119540301

401002119530101
401121119545101
401138119 41230t
401144119494801
{01208119542301

401216119491001
401235119491601
401r110119505701
40t422t194?4801
401424119555501
4015281194?0501
4011051r.9450301

26N 178 11A01
25N 1?E 11A02
25N 178 01D01
2?N 1?E 35801
27N t 6E 24G01

2?N 168 12J01
27N 16E 11801
2?N l?E 03H01
28N 168 23J01
28N 1rlE. 08J01

28N 148 0?A01
29N 138 02r.01
30N 148 19P01.

4r 000
4,000
4,005
4,010
4,018

4,009
.4,r.000
4,010
4t004
4r 000

4r020
4;080
4,180

4r143
4t].45
4t116
4t025
3r979

3,995
410L2
3,980
3,988
3t919

.4t0t2
4tl..72
3,985
3,988
3,991

3,991
31 995
4,010
4r 001
4r 053

4.,005
4,031
4.234
4,0{5
4r 110
4tt7.8
31 996

388
273

95
35

150
6p
13

,22

63
224

0
168

40

90
40

168

l9

11?

::

31?

535
55

400
- 290o1r 34o

492
246

440
400

18
_s99
-48 I

255
240
23s
188
184

208
200
180
199

-145

,ii
-390

."ii
,19

L42

40

6
1

8
9

10

11
L2
13

t4
15
16
11
18

97
97

'97
91
91

Nevjrda wel 1 s

N25 E18 33CBCA1
N26 818 33CBCA2
N26 818 35BABA1
N25 819 3ODDDD1
N25 818 25CABA1

19
20
2t
22
23

24
25
26
21
26

29
30
?1

32
33

91 N25
91 N25
97 N25
91 'N26
97 N26

97 N26
97 N26
91' N26
91 N25
97 N26

97 N2?
91 N2?
97 N2?
97 N27
91 N2?

N2?
N27
N2?
N27
N27
N28
N27

818 26ACCC1
819 29BABCl
818 25ABBD1
818 23CCCC1
818 15DCBD1

819 10CBCC1
819 02DCA 1
818 O2CDBAX
E18 O3CABB1
819 0688881

819 31CCCC1
818 .24CDDBl
819 24EDDD1
819 22ADCA1
E18 .13DDBD1

819 1/tCACAl
819 14BDCB
819 04ACCC1
819 01ACCC1
E18 O3ABAC1
E2O 31BACD1
E2O 28BBCAl

34
35
36
31
38
39
40

91
91
97
91
91
o?
81
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EABITE 10.--Dat a toi rclls rafetrad to !n' tlris rcporit--continued
t-Silesarcideat,IflcdbytbestandaldGeotogicatsu::veyidentif,icagion,

whrcb rs a uniquc nr'obar bageg Ji-*ri-g-rd sd;;i:;r-r"iriudi and ronEitude'

rhe nr:mb., "orr"ildic-is-argrrii:-rue-elrsc-e-Jenoie 
rhE deqrees, nLnutesr

and seconds or larl.tud,e; ttrg $t, z-lI"ot"-ee;t;;;; 
-ntnutgq' -and seconds of

tonglrude; and fi;-ile'Z-afgfls- {asJigoea seileniiaUvl idincifv the si--cs

wirhin a r-second grld. ror.eiioii;;-iii;.aodi53irg5e32or referi ro /i0o04'3s'

rarirude ana rr'disE;3i; riigrtiffi-Ii.a-rt-r; ;i;-ii;it -sicE. recorded in t'hat

l-second grid. If, a nore pr""IJ"',riiitoae .nJ-ro"giiuae-1;lsequently is
detcsminedr the iirEr.r-"r'iillilitrirciiion number is retal'ned'

2 LoeaLwElI nr:mbers are assiErred:":I: basis of, tbc g=Id' systcn-for
sr:bdivision of ;;bif iands t.i.i"i"Ed to tne G.-OiabIo baie line :neridian'

For ca*fornia -reirs, the firsE-io"i cuaracteJinaicate the toetnshipr the

next four characters indicate'inl-r;;9, *r" jni*i--iwo characcgrs indicate the

seccion, tn" r"iili-toifo*f"g il" i"cifbn nr:nber ind'tcases a 4g-acre

s.bdivisioa o! ehe secrr.on, .rr['In"-iiii rro ?iirclli9..;lsioned sequentiallv
to wells.with.in each 4g-acre tiact. (gor nor;-iniorrration-oi Calif,ornia local
wert nr:rnbers, see Lanb ar,a otilil-irSd-Ar-9, i1 ', 

-.i;allfyaa3 wellsr each local
we* nr:mbec consisrs of too= oiiisi--irr6 ErrJi-ir"rl-is rne hvdrograptric area

nr:rnber (Rushr 196g), the "..oia-*it 
i" the township, and tbe third unit is

rbe rangre. tni-ioitlctr ,rttft, "|""GiJ 
of, the iiction'numberT foltowed by

lEtters deslgmat,ing the gtt"3ge;-Se-tiott, gualeeE-quaster section' and so ont

and a nr:rnber indicating the,;at;;;;-ti'di:n itre 
-site e'as recorded' (For

nose lnfo'natios oa Nevada toca=i-*eff nr:rnbersr-iee-i"packo and others [1988'
p. 121 .)

' a R€poEt€d dePeh of well'
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Geothe::nal water is evidence of deep circulation, but not necessarily
of, lnterbasin flow. Faults may impede fiow in sorne plac.es and provide a

conduit for f,toi il .6;;-prac-es. Recent "epori"- 
on'geotnermat- resources of

the !{endel and Amedee areas cdnclude ttrat ttrb geothermaL water originates as

;;;"i;'ir;tio"-itt itte oi..ond Mountains of the Sierra Nevada nithin the
-b;a$; circufates-ihrougtt fault,ed and fractured bedrock at depths as great
ae lrOOo ft, ""a-ri"""-iiottg 

faults (.runcal and Bohrn, L981, p. 605; Harding
Layrson associat!"1-igggb, 

-p] fO-ff) . Regiolal iirflow is not considered a

source ot geotnl;'"i-;;a;r.in notey r,ate-va+l9y; however, int'erbasin f,Iow

aiong-otttei faults in the basin may.be possible

The collective evidence described above indicates that regior.ral inflow
is possible, Uui-tfr"-"rriaett." i"-f"iufficient to-confirm or quantify its
contribution to ground-water recharge in the basin

il GROUI@-I{A:!ER MOVEMEN:T AND STORAGE

Ground. nate! moves from the upland rechargte areas-to.the valley
lowlands. It moves toward ttoney Like from volianic uplands in the
northyrest, from thi Sie"ta Neva'da in the gouthtdest, 

"hg 
frorn Long Valley

;h;;;;h-;ironr.r-l;$;iG in the south. water-leveL altitudes in wells are
used to estirnate ii-o'r-ait"ctions. They indicate flow from upland areas
toward the vallly-iiooir-i-Jfigitt fLow-from west to east across the State
iitr", 

- 
and a rocii aEpi"l,"ion ii ttre water table at the playa near Fish

Springs Ranch. wat"'r Level,s also indicate flow f,rorn west to eagt across the-
east boundary of ifte stuay a=ei-tot"rd Srnoke Creek Desert and Pyramid Lake
viiiey. Wat6r-1evel altiludes ln tbe eastern part of the ltudy-area are
a;;;'in f,igrure-ig-ftr the section 'simulation of ground-water flow"
e."Ji"fi"ea-ai"eciions of ground-water flow, on the bdsis of grround-water
J'evelsr are ghown in figrure 16-

, In generall sater flows through coarse sand of the alluvial f,ans and
nearshore aepositJ-ii trre rate of iuout L ft/dt__and through lakebed clays at
the rate ot auoui-O.OZ-tt/yr (Heath, 1983r P. 25). Flow-throuqh fractured
rock can be even faster than .through coarse sedi;"tttJ, aepegd'ing on the size
ana continuity ot-itt.-opinings in €tre rock. Neverthelessr ltundreds of -yearg
,"t n; iegrrir3a f,br sone water to move through an enlire g:round-water'fLow
iv'stero fro:m recharge aleas to ulti-mate dischatge'

The total volume of water stored Ln the uPPer 100 ft -of saturated
Uasin-iiU deposits and volcanic-rock aquifers--in-the, sludl area is an

estimated 10 million acre-ft. -ir,is is 6ased on the produc- of the specif,ic
yieldr a!ea, a"a-ifrici"ess of,-each unit. Not all of this rater is
'"Eo"oi.i".ffi reEovefibi; or.'of accePtable quality for practical use'

Ctranges in ground-nater levels in we]ls jndicate changes in storage

""rr""J 
Uy"Gciea6"s or decreases in recharge, natural d:lscharge, or

withdrawals. ifre-cafieornia oeparcrnent of-witer Resources and the U'S' Soil
Conservation Servl.ce have neasuiea water levels in a network of irrlEation

'wells in Honey L,ake Va1ley, leioie ana after tle irrlgglio1 season, to
monitor long-term irenas.- The network !99an-with 4 wells in the fall of
tgl1t and incluaea-iUo"t 50 weUJ-by- 19881 The network area was etq)anded in
1988 to incfua6-iJfii-i" Wiffow-Crt-ef, Secret, and.long.ValleysT which are
tributary to the iioot of Honey Lake Val1ey (see fJ'g' 1)' HydroEraphs of,

;;;;;-;atti revers in setecte& welli in ttre study area (fig- 17) indicate a

qeneral increase-G water levels during tle wet period 1981-83 (wel1s 11r

il;=;;a fii;-;;a ,atet-teoer aecrLaes 6urins the- drv periods L914-71 (well
l.l and 19g?-gi-fr"Us tOr-tZr-i"a f3l . Th; wet and drlt years are shown in
figrure 7.

-qq-



120'.ln'
al

rd30'

f00

FfGURE 15.--@neraU.zed directions of -.ground-water flow. I
I
I

'-. tl
I tl \ I ; o roomtLttrrr'l-l

IwtttorCrcrr 1 ; S.ctttVrllcv \ i rrhr6-omcrttt
lv.r.-rl t.,,q^ 

-; 
r\oo 

I
\,/"\..i( I 

,ip 
snokecrcck

.,?'--rldtl jl.q}

ru'iru$
I 'i' '-.G

expueruanbr,r 
'\ 

\-ffi-ttil]5a-

HYDFoGRAPHTCBoUNDAFY \ \l- ( g
oF|{oNEYLAKEVALLEY \ ft \ E,)r\;"-
BOUNOARY OF EASIN WtTl{lN : ,/ | -'sruoYAREA '.t I fi'-( | /eisruoYAREA t\_ I | _-= 

.

ll3 i /' =
f,Btsg1l'"lFcnouro{vArE! 

i /\* ifrz^-,.' \r/
or'EsrroN oF GRo,No-$/ATEF ! brg
FLow 

\ 
vrttw

a'

d(Ja
trlEA1Z.

,a oltoorr- -';l?-'
Alrunto f 1!

6ig
-ll

\ -// | slno
^\-- t to ,/

- ll|3
gdo n..

a

:'-^l

Eal

-5 6-



'.1

;f

il

tlt
L.,

4
=v,

.oz

=9ul
CD

t-
IrJ
uJIL
z
Jtu
ul
e,
uJ

=

lll

4
v,
oz
J

=9
UJtq
t-lltltlu-

='j
uJ

|ll
-leul

5

i,l

wzu 10.
I Srilxo (lE cltt lllro^noi)
o t^t! (AF fl llilo^nox)

1985 1987 t989
70

0'

r trilxo oErcrE trrtc^not)
O mrr (^tfu tliloanom

la

-A. ,nr ,"-*\/'\ I \, i \.,
{ \ i rr \

riu\1
uJ

*/

wEtt ll

. 

gn rni 19'9 l9!0 l9!l lgt l l9!3 198.f ltt!5 1986 l9u lgtg l9E9

FIGIIRE 1?..--t{ater levels in four selected wells before and after
j.rrigation season (well locgtions are gbown on plate 1; well
data-are lfsted-in table 10.)

:'
-5?-



l*
=:,_

Ii:i

t
Fr

I
:;-.,

l

, I stt|xtaE rlllr|(lAllol{l
o m|lqflalrrloAnox]

waL u

rn vn1 vn6 vlrr l98o 1982 l9!4 1986 1988

ul(J
f4't
aa.
az

=9.ul(q
F
[l
E
z
J.lrl
ul
C|ll

lrl m\,
tgal
6ro
az
leo
t
,.i

=ultD t00
t-ululIL

=iloJul

5Eo
e. .!r|
?
= 

l3o

' lro

FIGIRE 17. --Contiaued.

-58-

I Stnxo (lFcllt llllcr^noxt
tr Htl aFrtl ltnoAnor.r

vm t98o l98l . t982 l9B3 l9t{ 1985 1966 1987 1988 1989



:l
:'l

lr
Il

:1 .

Xn the easteln part of the basin, water levels nere measured weekly ln
? wetrs ana rnonirrtt il i? werts i;-rn ilarctr 198? to Apri] 1989-. Hvdrographs

of water 1evels sh-ovr small seasonai effects supg5irnpgsed o:r- sligh!]V
declining water i"""f" in basinliiif'alposits -(fig.- 18; wells 51 22, and

2Bl t and large= "e"io".i 
variatio"" s"pa=irnposed 6n greater water-Ievel

declines in wells j.n volcanic "IiE ii-ig' 1'8;.wells'I'6r nt and 18)' wells
1? and, 18 in tigure 18 are p*p.J ior iirigation; well 16 is not Prrrrpea |Yt
r,rater levels have tesPonded t. 

'p"t"pi"S-lt 
.5ttte= wells rnore than half a mile

away. lteLt 22 fi ;fF;-ie i"-iJ.itr"€"a in basin-fill deposits and is cLose

to the wells *r.t p"tg-ito* votcanic-rock aquifers' Despite this' the water
levef in well Zi-{oei not exhibit the pronounced seasonal fluctuations shown

in wetts 16, rzl iia r[-i"-ifg";; i8: 'Instead, the available water-level
measurements indicate a slight Uut refatively constant decline' This rnight
ind.icate tnat purpi"g iro. [,rre "Jicanic-rock- 

aquifers nay b9 -indtrcing a

gradual drainage 
-oe iater "tor.it-in-iqJ.".ttt^bisin-fi11 

iquifers' t'lost of
the generaf aeciine in ttre viciniiy of-Fish Spriggs Ranch. probably results
f,rom grouna-watei withd.rawafs. 

---ioieverr the moniioring started in 1987 at
[fr" UEei"ning oi a dry period after'several years of above-average
precipitation, and part of the decline aLso rnav result from variations in
recharge "ssoci.i"dtiin 

cfit*tic-ifuctuations-" Elsewhere in the basin'
where the California DePattment of Water Resources has been monitori!9 water
levers since tgiz-)-i^iei ren'ers in some wells declined during the L975-81
E"i"gtt-peiioa, -,ru".qgently-recone=ea, and have declined'slightly since.
1982 (fig. !7, rerfs-iZ-and13t:- several mole years of d:ta are needed to
;;;;t;iy esiit*te annual ratee of decline and the magmitude of seasonal
iiuctuati-ons in the eastern Palt of the basin'

DISCEARJGE

,under natural conditions, ground water discharges fTgT the basin by
(1) evaporation from soils ana €ranJpir3tJ.on by plants t (21'seePage to and

-evaporation from ltoney Lake, ."a f ii- irlbgurfacE -outftow' Ground nater that'
'i":-ais.harged di lpitirgJ-eii,rrer is ionsuned by evapotranspiration or
infiltrates back into the g=oota. No surface watei flows from the basin'

under 1988 conditions of developnentT waler punped f-rom. wells is a

major component oi ai".t"rge ti-n thl Uasin.' annual1y, about 5'900 acre-ft
is withdrawn tiorn-tfre stuai atei in Nevada and about ZZr000 acre-ft is
withdrawn in California (tabIe-8). About ?5 percent -of.the water puped-
i"orn-iit|gation weLls evapotran"pites -from cultivated fields' ltost of tbe
gEotfr"6"i g=o""a-riiei pirnped aL arnedee and Wendel is discharged to Honey

Lake and eventually evaPolates.

ltost precipitation evaPorates (or sublirnates) from the land surface or
is transpirea iiorn soil moistuie-Uy'statto.t-rooted Plantst .On the basis of
;;";1r;-;i-irri"-"l"ay,-.Ut"i 89 peicent of the total precipitation .snd
stream infJ.ow io-irt"-ituay area Lventually is discharged bY

;;;;;;"lpi=.iio"--ito. iire tana surf,acer-streams' and surf,ace-water
irrigationT or-fior iottei f"X".- ffr. rernaining 11 percent evaPotranspires
;;il;il"h.r.t"i-;r-r"y'discharse from ttre basin by subsurface outflow.
Evapot,ransprration rates are rel5ted to daily and seasonal cyclest they
respond to ctraigei i"-"it terpeiature, solar-radiatj'on, wind sPeedr and soil
moisture.
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In a natural (und,eveloped) system, ground water Ls discharcred to the
armosph.re nV two iecrritisfi: tii airlc[' "tt"poi"iio"-itot 

the ;ater table
through. surface ""afo,i"tJ-and 

fii'til""pfrit,fbn by'phreatophyt'es' plants
that e:<tend their Eoots t,o the tit"= taLte to obtlin wat'er' Direct
evaporatlon occuls only where *re-water table.ii-fess than a few f,eet below

land gurf,acer tbe rate avet.g"""6.i-io-OlZ-ittit irom bare soil on the basis

dt tne estLurated, vertical fryarauiic co"a"cti"iiv of ger{i'nentg and t'he dept'h

to vratea. Transpirat,ion rates-;6;"e ol.tt-,e tvie and densJ-ty of
phsearoph*es, ;iil;;i;'-"o"iiiio"i, aepttr to wiler, and qual-itv of ground

erater (Robinson 1958, p. 161 . fhe-most colmron ptrrlatophlt'e:.it lloney Lake

valrey ate g!eas;;;4"rabbitbrush, and-saltgrass' Ranges or
evapotlanspiratC.on rates a"e eiiltited from results of iesearch in other
aEeas where these plant,c .=" "ofro-t-ii""t-i912; 

lilhj'te, L932; Young and

Blaney, t942; no"s[on, 
-fgSO; nJUiasoti' 

-1b?O) 
' Est'iJnaies of, annual ground-

water evapotranspiration rates';;;;;-ltoi O.Z ft for cpatlte greaselrood to 2

f,t for wet, rneadows. These r"t""-ii"luae only -naporation ang transpiration
f,roa the saturated zone. eoapoI""""pfi"tio"-of, witer from the unsaturated
zone (soil moisturd) was discuiJia iir t'he sect'Lon 'Inf,iltration of,

precipitat,ion.'--i*i sets of "'iliitii"ipi"iiio" 
measurements were made in

eactr of two rocations during the-sr:nuner of, 1988 ?" q.:!_::__!li" etudv' one

setting nas a sti"d ot-otiied piiieiiopht't'esr mal'nly 
-greasewood' near Fish

Springs Ranch,. the other t"" "n are3. of c=estea sneit girass at the Fleming
wildlife netugel -E;#;t;;ipiitiio". at these cites was from around etat'etr'

as no precipit,airo' rria fagLn-ioi several *""["-pi."--i"g. th6 test periods
(iluly 29-Augrust-e-i"a-S"ptenber 10-15) and soil mbist'ure therefore was

dapleted. nesulis-Gaicitea sifgfrelV gl-r-eater evaPotlanspiration from the
nat,ive girass "iE"- twifffan D. Ni;h;I'sr-U.S. .Geolobical Survey' written
cofiunun., 1988). Avetage ="t." aiiilg.a\g f,irst p6rioa were 0'08 in/d for
rhe Fish Springs Ranch site.""JOlOg-inla f91 thl Fleq1rg- site' Average

rares during ti!'""IJiia p"ir"a rere-o.oi in/d for the Fish SprinEs Ranch

"ii"-."a o.6g in/a f,or the Fleming slte'
Evapotranspiration frorn ground water ln the study alea was est'jmat'ed by

dete::srining phreatophg,e aisc=G"lio", -plitnfrily f-rom Landsat imagery of
Seprember 2, 1980, in<l applyi";;ililt-ed prrrealopl'!" evaPot,ranspiration
rates (table 11). The Landsat-results nerb divided into seven Level-I
classes (rnodigiia from the ctasiiticatlon of, Anderson and others
819?6, table 2l ) . The rangeland class qrat reclassif,ied to ident'ify
potential phreatophyte zor-tesr.'t[i"[-rere field-checked' About 17'000 acree
were ctassigieJ-ii--iiou"lr"'irti""iopr,yt+q ?I9as, 35'o0o acres as sparselv
vegerared or barren lplaya)- ";;;-i|& sz-r000 acres as native g3ass and

cropland, including wetJ.agds-ii.Ui" i:.;.g.f.anue Smithr U'S' Geological
Surveyl writteil;*"":;-1gaei' fot i iotal.of, about 160'000 acles (PI' 4) '
Nat,lve grass and. cropland. areas ot"i" gtooped t,ogether because their
characteristicsloeiiip; *" i"="ige ior ttris gioup includes irrigated
areas. Hordeve;r-;;;;-i=iig"t"d-tl'trt surface watel do not contribute to
ground-wat"r -.ilpo;;;;";f;;iion ana areas irrigated with ground etater use

natel that j.9 included, in the irater budget as l{ithdlawal from wells ' To

deternr:ine trr" ii"ii-frorn which giouna *riter. is directly discharqred by
evaporranspi="IlJil f"iig"iEa aieas were estlnated sepirateLy and subtracted
frorn the glouP
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TABIJE 11.--Estjmatad evapottanspiration of ground water in the study atea

Annual evapotransPilation

il
vegetation grouP

Areat
'roundeda

(acres)

Rate
used Acre-feett
(feet) rounded

Rangeb

(feet)

Mixed phreatoPhytes

Bare playa and sPatse ptrreatophyt'es

Native grass and croplandd

51,000
c26, ooo

35,000
e52, ooo

0 .2-0'.5

0.2-0.4
0.1-0.2

1.5-2 . 0

20,000

7, 800

3r 500

fger ooo

0.4

.3

.1

1.8

TotaI
TotaL from natlve vegetation

.ergo, ooo

140,000

f:.30, ooo

85,000

Based on analysis of Landsat data for Septenber 1980 and lirnited
field checking by J.-LaRue Smith (U.S. Geological-SurveyT written comnun.t
i-gggl . Distribuiion of phreatophyE,ic vegetaiion is shown on plate 4.

b n"t." are based on data from work in Honey Lake Valley by California
Department of Fish and Game (written connun.r.1988), William D. Nichol's
lU.S. Geologi.cal SurveyT irritten,cotEnun., 199q)r and work:in-other areas by
1ee-irgfZjr-wtrite (X932i, Young and Blaney (L9421, Houston (1950)' Robinson
(19?0), and patrick A. Glancy ind ilanes R. llarri]'l (U.S. Geological Survelzt
ora]. corutun., 1990) .

c Eastern part of the 3tudy alea (table 15) - 
:

d to.tirr"-grass areas include sone wetlands-

e Incluiies cropJ.and irrigated with surface water and giound water ln
California.

f Includes evapotranspiratlon of some lrrigation water in California-
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Estlmatcs of J,rrl,gat€d aaeas l,n tbe californla Pa-* of Honey Lake

Valteyr excludJ.ng !9!E y-?lley south of the ctudv-arei Uounaary' tange from

zzrooo acrer eoi-rges-(wi11iln-il-i"ryri"r-u.s.-Georogical survey, written
co@rn., 1988) to 39'000 acres i""-ig-eg (Ltemencs' 1968, p'6)' The largcr
€stimste probably is'nore .."otii" Utca1;i" it-13 6ased on a detailed land-
use tnvencory. 

-ioi!";;-oi-irrl-i;"i;-;a-ane rocarlon and distrisution of
cropland 'nder ";;;;;r-i"o"iitigir"al "."aiiions, 

a sigmJ-fJ-cant pars of the

irrigated area would suppo5t ni€tlr-e.grasses .and ot'her phreatoph't'es "
Therefore, rhe ir"ffei Lhfrnate--e-iiiiglted. cropland ias uged for ihese
calculations. Assrrming *tat tirig"iio"-"" the Cififornla Part of the batin
was about the same in 1980 (th;-da; of the Landsat inagery-used for this
srudy) as tn lgtt {q-inft'itiie.ilo"-r" ibe tlevada part ot the basLn was

oegligible durhg 1980r^the natl.ie-grass.at€as would Lotal about' 30'000

acrcr (52rOO0 nlnus zztOOOl. g11 ih6 uasts of, estinatcd rates of
evapotranspfratf;nl aniruaf' eSouna:*iter evapotranspi'ration f,rom tshese

native-grais areas I's about-54r000 acre-f,t'

EvaPottanspirationd'irecelyfrgngrgund-waterJ.slikelytooccurf,rom
about 14O,OO0 "i""" in the Uasii. 'anniaf evaPotranspi'ration from Eround
water in these'ir.is-i"-tstinaied at 85'000 atre-ft (table 11) '

SaePagc to Fonay l,akc and to Straans

obse:rvations of the lake bottom during 1916-71 and other dry- periods
Lnd,lcate tfr"t . f.r-""eps-.na ipifngs disciarge ground-water to the lake
rhrough tne raieued (notert Atttfi;:6:s- sog 6oniervat'ion Service' oral
conroun., 198?). Howevcr, *re vofirne of water aeifvea from tlrese sources is
ir.ii .irropared to the Lnitow of surface water durlng aveEage years.

Measurem€ncs of streamflow along rgacheg of five stleans in the basin
Ln Dececrber 1987 (Rockwell, tn piissi ittai""te that' sono reaches-gain.ratet
ar some timcs.-'ri"-gif""-lypi"-.fii-l"i"1t from dlscharge-by springs. into.
the strea' channel. Sone of tlrls i"ater seeps back into the ground- through.
stteam-bottom sedi.ments aotnstiiatn faom the- spring and. re-enters the grround-

watea erow sysien. 
-lhe rest Ls included in the watet budget as

€vapotransPiration-
@

Ground,-water levels Ln Snoke creek Desert to the northeast and the
water 1evel in-iiralrid Lake to-tfre-iast are Lower than those in Honey Lake

viif.v-ieiaingeiind others, 1984, sheet 1)- To decermine whesher a

hydrologic co*iciion e:lsti Ueirien Honey Lake basin and these two basing'
observation wells were l.nst"fiea-j"lt ,esi of'Sand Pass and Astor Pass (well
35) r in Sana piii twtff Sgt and ii Astor Pass (well 31; p1'- 1) during this
study. ltonthly-water-fevel meisotet"ots ia these wells and in existingr
stock wells in's;;;';"]I-i,"ii-iii-ana the eastera end of Astor Pass (well
40) were cotrE)"r"a-io Gt"t*i"J ifri proUaUle direction of ground-water f,Iow

through these passes. water-ie"li ittitudes in we1ls 35 (3'962 f1-' ' 31

(3,948 fr), ."i:;=ii,gi6'-ill-irriough-sitd.Pass and water-lever artitudes in
;iil-35-i3,gei iil,-3i-tg,93o ttl ind 40 (3'e01 ft) throuEh Astor Pass,

indicete thar ;h; ll,pog=ipitic. dLvLdes across tbese pass€s do not correspond
to ground-watei di17ilel aira *re-trydraulic arradient is fronr Honey Lake valley
towasd the nojheist and castl- oiJcrrarge iron springs and flowlng welJ-s in
the southr""t i""t-"r-s."t" Creek Deser€,appears to be large with respect to
the probaure s[urce area. Tha wells ana'springs may be discharEing ground-
watea inflow tion-ioney Lake Val,ey. Stable isotopes- j.n water sanples from
rbe flowirrg ,etis in Siofe Creek iesert and from wells and springs iT Tgtty
;;k"-v;liJi i"ai..te rhat, tbe iwo grgup: have rhe same soulce or a similar
gource (James M. Thomas, u.S. Geol5gicil survey, oral conrrtun., 1988).
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. I,{ater nischargred frqn 9le11s

Estjmates of the average volume of grougd ytater withdrawn for
irrig-iion each yea! range irom about ZOiOOO acre-ft.to about 50'000-?9re-
ft. The srnaller-volume is based on a 1985 $tater-use estjmate of 141000
icre-ft in the California Part of the basi.n (Willian-E. TemPlin' U.S.
Geological Survey, written comnun., 1988) pJ.us about 51900.acre-ft
deterfrined from flow-meter readings and irrigated acreage ir-r the Nevada-?art'
Ji ttJ basin. trtJ raig"r volume is reported-by walters Engineering -(1986rtable 28). Another es€imate was derived using data frorn Clements (1988' p.
g) r who reported that evapotranspiratiog from-irrigat'ion by ground water in
ibbg ris S2TOOO acre-ft, -on the Lasis of a detaJ.led computation of crop use.
iy using Climentsi estirnate and assuraing that eva?otranspiration is ?5
pSrcent,-of the irrigation_erater withdrawnr then 1985 withdrawals were about
,?grOOO acre-ft and ibout 25 percent o€_that totaf (11'000 acre-ft)
infiltratea uaci--io it" groui.d-rater flow system. The infiLtration estimate
is based on average valu6s for return flows for the ltesteln United Stateg.
(Lauritzen and Terrell, 1961, p- 1X05).

The amount of ground water ritn'a=."n annually for domestic, industrialT
po"re=-jet;;ai;"; aid stock use (table 8)r estimaled at 10r000'acre-ft' is
imall in co.p"rison to the aroount for irrigation use, and is assuned to be a

negligible plrt of the basin-wide ground-water budget.

Ground-water recharge and dJ.scharge in the study area are sunnrarized in
table 12. All cornponen€s of the watei budget are estimates and subject to
uncertainty.

Ground-water recharge fron Lnfiltration of precipitation, snowrnelt, and
.soi1 moigture accounts for about 41 percent' of the total recharge
'(unround,ed). Infiltration of streatnflow, primarily through.streambeds on
alLuvial'fans, accounts for about 40 percentr and infiltration of surface-
wate! and ground-watgr irrigation f1ow, prfunarily on lower fans and the
va1ley fLo5r, accounis for ibout 19 percent of the ground-water recharge-

Ground-nater evapotranspiratlon frorn soil and native veget'ation
accounts for about 62-percenl of total disctrarge (unrounded). Withdrawals
from wells for irrigation and other uses accounts f,or the remainder of the
discharge
' Recharge estimates are based in part on r'esults of, the Deep Percolatlon
Model (Dplt) I fne Dplt nay underestj.nale recharge because it -calculates a

;aa;; Uuagit for the soi-l zone, and doeg not consider the eff,ects of
iiici"rea-and jointed volcanic rocks that n9y increase infiltration rates in
upland areas wf,ere soil is thin. This nay !9 ,ty the DPM seems to
overestimate runoff frorn the lllil1ow, Skeddadle, . and cottonwood creek
drainages (table 5)'r al.L of whictr are ln volcanic terrane.

The ground-water budget is based Partly_on a water bud.gfet for Honey
Lake. Th6 annual change in volume of Honey Lake is assuned be the
ilili"""ir. Ueir.""-intiow and outflow. The rnajor corPonents of inflon ate
piecipitation and streatdlow. Outflow is. by evaporation from tbe lake
;;;i;;;. -ift. lake budget is based on the assrlq)tion that ground-water
ai"Etiige to the Lake ind recharge frour the Lake are rtinor.
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IABLE t2.--Ground-vates budgct for the
. Eoncy Lake VaJ.ley studY ataa

' [Acre-fe€t pea yeaar rounded to
two slEmJ.ficant f,lguresl

-;:l

ir:
I i'-
E.

I

T

I

Coqloacnt of tbc budEpat
Estinated
quantLcy

i
:-

r'.i'r:.:

=
:,

l.::
I,!

:;

-:- -,:

-t-
I

I:
I I:'

-

RECSARGE

IalLltratloa of psccl.pitation
Inf,Lltration of streamflow:

from aorth and east
from southr westr and nortberegt

Irrlgation return: -

from surf,acs-water J.*igation
fron ground-srater .lrrlgation

Subsurface lnf].owl

55,0OO

13r 000
40r 000

14r 000
11,000

unknown

l;
l:
I:'I:.
I::

Total Bechaage

DISCTTiRGE:

Evapotransplratioa
fsom soil aad nat:Lve

l{ith&awals'by wells
Subsurfacd outflowZ

130, 000

vcgetailon 85i000
53, ooo

unJlnown

'i

lr

T.

!ota1 dJ.scharge3 . 140, 000

I Result,s of a grouad-srater flow raodel of the
easteE!, palt of the study area indicate that, anaual
recharge nay be 51000 acre-feet greater than
esti's'tedr possibly as a result of subsurface lnflow.

2 Results of, the gror:nd-water flow rnodel
indicate about 71000 acre-feet of subsurf,ace outf,low
acloss the eastera boundary of, the nodel area.

3 rh" imbalaace between total recharge and. total
discbarge may be part1y a resu1t of, undocunented
subsurf,ace flow iato and. out of the study area,. it
al.so may be due to rounding.

I
I
T

I
!

-55-



,il

ir
i1

::,1

xl
rl
;l
,'1

il
il
il
il
.f
il
il
il
il
,l
g:

I

' 
The. most uncertain components of the ground-water budget are subsurface

inflow and outf,LoYi. Although water-Ievel measuremeints and the prevalence of
fractured vofcanLc-rocks .in-the east and southeast Part of.the basin
indicate ilr.t gio"nd-water outf,low from Honef Lake Valley is.likely, and

"io""a:r"ter 
iiiior-is-pos"ible, the -volumes and rates are difficult to

ili;;r; l--r[E-gi;;d-;;i;;- -i;"-;;aei' -aiicussed in the f orlowins section
of this rePort, ias used to heJ.p quantiiy these corq)onents of the budget'

SIMI'I,ATTON OF,GROT'IID-WATER FLOII

A nathernatical model to sirnulate grround-water fLow within an aguifer
systern ;;;Ga;-;i-" ;;a-oi aitieientiil eguations that represents eround-
water flow (Wang and AndersonT 1982) . erorind-etater fl'ow is simulated by
."Gnrt."eous1y ;.i;i"g tne-aiit"tential eguations wittr a conPutet' A

mathematicaf model is useful tor-eoiiuqtilS and refining the understanding
of an aguifer "V"["tn ""a-uf"o 

f-r predictiig aquifer-tesPonses to various
ippfi"a-Jires"ei. Hoerever, a tooaei is only-a-iinpfification of the actual
system Derng srmulated; it'cannot tot'a1ly duplicate the actual system
because it rnust be based on average condLtioirs where data are available, or
on estj-mated condi.tions wbere sufiicient data are not availablet and on

several simPlifYing assumPtions

The basic mathematical modeL applied in this study uses a finite-
difference sofution technique and i-s- corrnonly referred to as the 'USGS
modular model..--ihe theoreiical developmentl numerical-soluti.pn techniques,
;;rp;i;r coae, ""J-a"ii-"ee,riiet"ents 

of- the rirodel are described by McDonald
and Harbaugh (1988)..

The area rrodefed for this study is about 452'ni2. It includes that
palt of Honey Lake Val1ey east of tt-oney,Lake, excluding the I'ong valley
Creek drainage areia (f,lg. 1) r and inclitdes Dry valley northeast of the basin
;;a-; smalt pa=t-oi d*o[e Cliek Desert. :tris-area rris belected for f,low
ilod"ffig u""-"""" p=oposea ground-water develoPment in'the vicinity- of Fish
Sp"f"gJ-ninch has- crLated ttre need for a bet,ter understanding of that palt
;i-t#-ae,titer Jysien. The easterar palt of Honey-Lake Valley (called
.Calneva sulUaslilii-.f"o was identified by the California DePartment of
water Resources. ""'.-p.tt 

of the basin neEding further study (Pearsonr L987,

P. B).

To numerically deflne the aguifer system, it was necessary^!?j?!:*ti"'
the boundaty cona.iiions fot the iVst.t,- Ldentify the -aquifer. ProPerties
within the nodei"a-.r"", and estiinte ihe rates and distrjlcution of recharge
;J-df";-ilrg" f"-itt"-ieitifer system.' The accuracy of the model depends on

the accuracY of tbese egtirnates

IIiODEL CA''IBRAIION

The model was.callbrated to the steady-gtate conditLons that werl
.generally assumed to be teprestnted by conditions within the flow-model area

during tne spring ot rgeg.- s;eiay-stite coriaitions describe a system in
Ii.igiui-i,r.;-r#i";; ;;e-;"tiiows-are equal and rhe volr:rne of water in
storage aoes no[-ct"gS". Stea-y-gfite t'iate= levels depend on the quantities
of recharge to 

-I"I--af6"rt""g" fr'on the ground-water syttem' the hydraulic
conductivlty of ihe-a+rifei rnaterialsT and-the leakance between layers' The

storage cornporretti of tlhe systetn etas not rnodeled because storage does not
A;;;6 undei steadY-state conditions
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. The latibrattoa of, a ground-water-f,low nodel reguires the tlLal'artd
earoE p.rocess oi-"ai""ifng-Gfilal esttraates of a.!'ifer Prope:tles and

"ti.I"EJ- i*rliUfi ic6eptalie ranges) to obtain the best natch bettteen
iUr:fatea-ana nealureilwater leiels. The inl,tial values and boundary
condltlons are "ai"liJa 

,iinfo ranges og tFe basLs of tbe listits of, known

;;G;G ina-rryarotogic propeftt;J-oi ttre basin and the degrge of, conf,l'dence
i;-;G-;"fginaiEia-estinates---itre model is consLdered to be calibtated
when tbe si.sulated water leveli are within'an acceptable :alge (in.this case

;fi; ;;-t lnuJ-atJut 5 ft) and the slsulated stresses &atch I'ndependent'
estimates. The root-nean-sqoaie devLatLon (Hoxier L977t P. 271, which gJ'ves

;-GdlAtlon of .ifte aftte=elnce between tsro sets of valuesT -was used to
Gte::nfne the closeness of the rnatch between measured and siaulat'ed
htdr;"li; G;ds:--ihe rooe-mean-square deviacion (or error) Ls calculated

=jJi

T*
,it

-,;]4:
I

frri:
iili

-::.'I:}
I

l"i:

-ii:.r ''.i,I

rii
-ar

usinE the equatlon:

RMSD.

where RMSD - aoot-msan-squarg deviationr :ln f,eett
M - m€asured water level, in f,eet7
C - hydraull'c head conpuied by model, in f,eetr and
N - nuruber of water-level meagure&ent9'.

Durlng 1988, nrost of, the ground-water development tl.the flow-model
E!€;1, "iceit in Lfre vicJ.nlty oi rish Sprlngs l?tc4'_*13-15.mited to a few
scatierea,-Iow-yield,lng dornEstic and slock-wells. Total withdrawals from
these welis ner3 esti.rn;ted to be about 50 acre-ft/yr hy Rusb and Glancy
iii6t, iabte 18i; withdrawals probably have lot.changed much slnce then' as
tne-plp"iiifon itt tfre Nevada pirt ot Ehe basin in 1988 was only qlout 25 ..
peopie-. Domestic and stock-w-ett withdrawals would have llttle ef,fect on the
lto-nna-rater systen. Hoerever, in the Fish SPrl,ngs Ranch arlfr -several hfg\-
itefa irrLsati6n wells have becn put lnto proaucEion since 1980; the ground-
ila;; siii6n-fn thj.s area nay'not have reabhed a new equllibriun. [later:'
fevif dlctines observed duri-ng 198?-89 (fig. L8) lnay be the result of
wlthdrawals from the J.rrigatlon welJ.sl the result of, less than no:mal
rechargre during that -dry period (fig.. 7) r or both-

Flgrure 19 shows the locatlons.of,, and water-level altitudes f,or wells
that weie used f,or conparison with sisrulated heads to calibrate the flow'
.oa"f. These 31 wells were gelected for use in calibration based on their
locatlon, depth, aad accessibility f,or nateE-Ievel measurements duling 1988-
'Accurate'lan-Cl-surf,ace and water-Ievel altitudes were dete:n'ined at these
sites by surveyinE.

GENEITAI. EEA:IURES OE ITEE EIloI| I{C'DEI.

For a f,inite-dl,fference nodeI, the aquif,et system is divLded into
horizontal layers; a rectangiular grid divideg the layers into rows and
columns. each cell in tbe grid represent,s a three-dirnensional block of, the
iguiteri the center point oi tne block. is called a node- The grid-is 

-oierfain on maps ttrat show the areal distribution of ground-water levelsr
iq,tite" properiies, and stresges f,or each layer. The average value of each
piJpertf .(oi stresi) within a ceIl is detemined from the rnap and entered
'i"ib.*t?, sroaef to represent tbe value of that property for the entLre ceIl.
if,"-pioc.ss Ls repealed untLl a value fo.r each proPetty has been assigned to
every cell in the nodeled area.
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MODEL CELL- Area, 1 equara nlle

.I-AYER 
I - Shallowest layer. e?rownonlywtrere layer I extends beyond byar 2

LAYER 2 - Shown onlywhere n ensnds beyond hyer3

LAYER 3 - Shovn only wtrerc I oxtends beyontt layer 4

LAYER 4 - Deepost laycr. slrorvs cnths anal exted ot layer4

GENERAL+IEAD BOUNDAHY - A[ laYers

NOTE: Each layer 15 snounded by a no{low bounctary crceptwhere general.head boundary b hdlcated.

otssERvATlON WELL, LAYER I - ltunser hdlcates measwed water-lsvel altltude,

1988, In feet above sea lwel

oBSERVATION WELL, I-AYER 2 - Nurnber hdlcates moasured water-lEvel altlhrde,

1988, ln teet abovo sea levsl
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lrtode]- Gr:Ld and t+yers

The f,inLte-dLfference grid.deslgmed foi the model used in tlris. study is
regrularly spaced and contains 24 colr:mrs by'.35 rons; each grid celL is L rei
on-a side (fig. 19). The grid is oriented north-south to be parallel to the
N€vada-California State J.ine and to coincide with part of the Deep
Percolation ltodel (DPM) grid used f,or recharge estimates. The grid network
is used for each of four horizontal layers in the model. Tlris four-layer
model consists of 11602 active cells.

layer 1, the upPer layer7 e:<tends from'the watet table down to an
alt,itude of 3r?00 ft, above sea level (fig. 20). .IhLcknes! ranges from about
260 f,t at the center of the basin to about 350 f,t in the Skedaddle ltountalns
and at the southern boundary. Layer 1 contalns most of the wells in the
modeled atea. Layer 2 extends downward from an altitude of 37700 ft to
31000 f,t. A few deep wells prrrnp rrater f,rom this layer. Layer 3 extends
downward frorn an altitude of 31000 ft to L1500 ft,r and layer 4 extends frotn
an altitude of 11500 ft to the granitic bedrock. The maxirnum thickness of
layer 4 is approximately 21000 f,t. No weJ.J.s withdraw watet frorn layers 3
and 4. Cross-sections of the modeled ared show the layerg f,rom north to
south (fig. 29t B-Br and C-C') and f,rour east to etest (fig. 20r D-Dr).

Mode1 Bound.artes

flre top boundary of the model is the water table. It is simulated as a
f,ree-surface boundary that is allowed'to move vertically in. response to
imbalances between inflow and outf,low. fhe bottorn boundary of the model Ls
the contact between the bottom of the aquif,er nateriale and.granitic
bedrockT whLch is assumed to be lnipe:meab1e.

The lateral rnodel boundarl,es generally coincide with topographic
divides or with contacts between aquifer materials and impermeable bedrock,
except along'the rrestern and southwestern edges of the flow-mode1 area. At
the western edge, a north-south general-head boundary. was placed about 1 mi
eagt of Honey Lake,' at the southrrestertr edger the general-head boundary is
along a diagonal lLne f,rom Turtle Hountain, at the northern tlp of the Fort
Sage ltountains, to ttoney Lake (tlg. 19 and pl. 1). These boundaries nere
chosen because etater levels in rnonitorJ.ng wells 57 6t 1, and 9 (p1. l and
table 1.0) are stable and indicate the atea is beyond the effects of existlng
development. The.lateral boundaries are the same Ln all four layers excePt
in the southeast and the north, where deeper layers are less extensive
because depth to bedlock decreages. All lateral boundaries were simulated.
as either no-flow o! generll-head boundariesr as shonn,in figure.19.

No-flow boundaries were used in the northern part of the rnodeL to
simulate the Skedaddle Creek drainage divide; along the east sider south of
Astor Pagsr to sisufate the &ainage divide between Honey lJake valley and
pyramid Lake; in the south, to simulate the dralnage divide betlteen Honey
Lake VaL1ey and Dry Valley; and along Palt _ 

of the southvtest boundaryr to
represent Lhe northeast sj.de of the granitic rocks of the Fort.Sage
t{ountains.
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' General-head. boundaries were used to s'imulate (1) the western nodel
boundary east of'Honey Lake and palt of the:southwest bouadary aXong th9
inf,erred extension of-the WaEn SprJ,ngs f,aultl Ql the northeastern boundary
between Honey Lake Va1ley and Smoke Creek D€sert, and {3) ParC of t'he
eastern boundary (at astor pass) between tloney Lake Valley and Pyrarai'd.Lake
vaiiey (fig. f9-ana pf. 1) . A general:h9?d. boundary simulates connection to
."-igiiier outside t-he model area and iadicbtes a water soutce or sink,
suppiying.water to or receiving,erate! from adJaqelt model.blocks at a rate
p"-oiro-"tf5na1 to the difference in hy&aull,c head between the outside gource
b= itt:. and the model block (ltcponald and ltarbaugh, 1988r P. 11-1). The
f,low also depends on the conductance of, the materials between the external
so"id-oi si;rk and the boundary celI in the rnodel. Conductance is deflned
ar the horizontal hydraulic conductJ.vity of, the cell1 t,imes the vertical
cross-sectional arel of, the cell, divided by the distance t'o the'source or

. sink. The initial valueg of conductance f,oi general-head boundary cells _

r,rere adjusted during calibration of the model. Characteristics of general-
head boundqir wells are shown in table 13.

Springs obsenred in Honey Lake during periods of low lake levelsr
numero-us springs and flowing welIs in the southwest cotner of Smoke Creek
Desert easl of-Sand Pass, and springs near the Pyrarnid take shoreline east
of Astor Pass, are indications of giouna-itatet discharge. tteads are asguned
to increase .with depth in these areas.

Along the western boundary of the ground-water f,low rnodel' the dlstance
from the eage of the roodel to Ltre outside llource or siak (Honey l,ake) is
about 1 nl. Honey Lake and the saturated sediments beneath the lake provide
water to or receive water from the nodeled area. The gleneral-head alt,itude
for thLs boundary wae set at 31 985 f,t (the approxirnate nean altitude of the
water surface of-Honey Lake durj.ng the study period) for layer 1; at 31988
ft for layer 2; at 3'990 ft for layer 3; a9d at 3'992 ft for Iayer 4
(fig. 201. Condugtance values were 3?5 fE-/,-(Iayer 1), 750 ft--ld

.1Ialer 2)r 940 f{ld (Iayer 3)r and 11440 fE'ld (layer.4). in the calibrated
'rnodel. Conductance increaseg nith deptb at6ng this bodndary because the
deeper layers are tbicker.

Along the southgrestern boundary between Long Valley an$ the modeled
a!ea, the greneral-head altitude was set at 41050 ft on the basis of the
meastrred witer lever Ln a welL located near r'ong Valley creek"'this varue is
the same'for each Iayer. The rnodel is three layers thick at onp general-
head-boundary ceIl aird tro layers thick at the other general-head-boundary
cell at thLs-edge of the raodel because ttre deePer layers are-lessrextensive
(fiq. 19).^ Conductance values at tbe three-layer cell were 85 fE-ld (Iayer
1)r-200 fgsld (Iayer l)r and 100 f:-'ld (laye;;'3); conductances at the two-
layer site were 85 fE'ld (layer 1) and 50 ft-ld (layer 2).

At the nottheastern boundary between Honey Lake Valley and Smoke Creek
Desert, the distance from the edge of tbe rnodel t,o the centet of the floor
of Smoj<e Creek Desert is more thin 5 ni. The general-head altitude was set
at 3rg5o ft (the approxirnate aLtitude of the floor of, Smoke Creek Desert)
io= iayer 1, and Z-it trtgtrer f,or each of the subseguent lower layers..rSnoke
Creek iesert is a ilarge basin,' its valley.floor is greater than 500 ni- and
it receives only a srnalt part of its ground-watet recharge from Honey Lake
viffey. fhe eslisrated distaace from the boundaly of trle_Honey_Lakg Va11ey
flow inodel to the assumed constant head on the f,loor of Smoke Creek Desert
is great enough to assume the head would remain relatively unaff,ected by_--
eroind-water withdrawalg in Honey Lake Val1ey. $onductance values were ?00
i*/a (layer 1)1 L15 fl'ld (layei 2), and 100 fE-ld (layers 3 and 4) in the
calibrated rnodei. Conductances simulated in these f,aulted volcanic rocks
decrease with dePth.
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TABIE 13 .--daaracteristics of general-he:d bouncl2tl
-, in trri .iilOtatad gtound-vaier f,Iov a,odel
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goundagy ceil(s)t
Irayer Row (g) Colunn

HlnlEuB dlstance
to source or sink

(niles)

General-head' altltude
. (feec above
:' sea level)

conductance2
(f,eet per day)
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r

1
2
3
4

1

2
3
1
2

1
2
3
4

1
2
3
4

1

2
3
4

15-23
15-23
15-23
LS-22

24

24
24
25
2S

10-12
10-12
10-12
10-12

:13
13
13
13

L4-L7
]-4-L,T
l4-L7
L4-t1

22
22
22
22

3,986
3r 988
3,990
3r992

375
750
940

Lr440

85

200
100

85
.50

?00
175
100
100

?00
1?5
100
100

?00
175
100
100

700
1-75
10Q
x00

@
51
51
51
51
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3

3
3
3
3

6

6
5
7
1

4r 050

4, O5O
4r 050
4r 050
4r 050

Northeasteft.r houndary

22
22
22
22

2s
23
23
23

245
245
24..5
245

245
245
245
24"5

Eastern hbundary at Astor Passl

5
5
5
5

5
5
5
5

3,850 .

3r852
3,854
31 856

3,850
3,852
8, 854
3r 856

3,850
3t852
31 854
3,856

3t192 ''
3 t194
3 t196
3,198

r:

-1

2
3
4 l;

If,' rigrure t9;' 
.

''2 Hoxizontal hydraulic conductlvity-of
vertical cross-sectlonal area of the cellt
to the source or sink.

the cell., urultiPlied bY the
and dlvided by the dLstance
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At Astor Pass, the distance frorn the general-head boundaiy at the edge
of, the model to Pyramid Lake Ls about 5 ni.' The general-head altitude was
set at, 3t792 fE (the approxLmate altltude of, Pyrarnid Lake) for layer 1, and
2 ft higher f,or each of, the deeper layers. :Conduetance values in the
calibrated model at this general-head boundary were the same as those for
the boundary with Smoke Creek Desert.

IOITIFER PROPEREIES IN ISE I'IO![-I{ODEIT IREA

CharacterLstics of aquJ.f,€rs that af,fect gror:nd-water flow are estimated
for each ruodel cell. They include gaturated'thickness, average ,/
transmissivJ.ty or horizontal hy&aulLc conductivityr vertical hydraulic
conductivltyr and Leakance between layers.

Aqu:Lfer Dtaterials

The naterials that make up an aqui.fer affect its ability to transmit
water. The principal. tlpes of aquifers found within the flow-model area
consist of uncongolidated basin-filI deposits in the J.ow areas, and volcanic
rockg that surround the J.ow areas of the basin and, in some placesr'underlie
or interfinger with the basin-fill deposits. lhe general. distribution and
horizontal hydraulic conductivity of aquifer materials in each layer of the'
fJ.ow model is shown J.n fj.gure 21.

Layer 1 lncludes two t1p'es of basin-f,Lll: firie-graln deposits
(lncluding the sedimentary and pyroclastic deposits of Pliocene age,'
table 1) conposed prirnarJ.ly of clayr silt, and some !and, which are ln the
center of the basln; and coarser grained aIluviaI, deltaic, and near-shorepluvial deposits .composed of, gravel, sand, and silt, which form a beJ.t at
the edge of the valley floor. For pulposeg of, the nodel, the basin-fLll
deposits ln iayers 21 3, and 4, are assumad to consist entl,rely of f,ine-
grained lakebed seililrents
.:

Although seviial tlpes of, volcanic rocks are included in the fl.ow-model
arear they can be dividecf into two groups on tbe basis of age, location, and
general hydraulS.c characteristics. The trro groups are ttre older volcanic
rocks of the Fort Sage and Virginia Mountains south of Astor PassT inclu.rinE
the relatlvely pe::rreable Pyrlr':{d Seguence, and the younger Modoc Plateau
basaLts north of Astor Pass. For purposes of Che model; hy&aulic
characteristics nere assumed to dlffer more between the older (southern) and
younger (northern) volcanie rocks than fron place to place within a group.
the general characteristics of each group of volcanic rocks was assumed to
be unifo::n. The e:rtent of the older and younger wolcanic rocks is shown in
figrure 21. Nunerous faults cut through the voLcanic rocks in both the
northern and southern parts of the study area. The faults are assurred to
affect fJ.ow only in the voLcanic rocks.
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EXPLANATION

AQUIFER MATERTALS AND HYDRAUUC CONDUCTIVIW OF MODEL CEIJ

SOUTHERN VOLCANIC ROCKS - 45 leet per day In
model layers 1 to 4

NORTHERN VOLCANIC ROCKS - 5 feet perday in
. modellayers 1 to 4

PARIMETER BASTN.FILL DEPOSITS g.4IECI 
P€rdAY

(model layer 1 only)

lo
t: -..

ral
I

q
f]:

r{ii
rc.:.
r

ffi

CENTRAL BASIN-FILL DEPOSITS - 1 toot perday in
rnodel layer 1, 0.75 in layer2,0.50 in layer 3,
0.25 in layer 4

BASIN.FILL DEPOSITS AND VOLCANIC ROCKS -.1 tO 45
feet perday In modellayer 1,0.75 to 45inlayer 2,
0.50 to 4Ii in layer 3, 0.25 to 45 in layer 4

FAULTZONE - 0.01 to 4feet perday

HYDROGRAPHIC BOUNDARY
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FrGttRE 21.--Distribution of .aguifer materials aad horizontal hydraulicconductivities sirnuLated in the gror:nd-rater model, e"si"=n itoney l,ake
Y*f"I and adjacenr areac. (A, noaer tayer 1; (a)'taiei-i-i -g,-layei
lD) t layer 4.
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Saturated Ehlcknegs

Transmissivity is conputed in the rnodel as the product of the saturated
thickness of a particular rnodel cell and the hydlaulic conductivity assigmed
to tbat celL. The saturated th_Lckness of layer 1 is calculated in the rnodel
by subtracting the alt,itude of the bottom of layer 1 f,rorn tbe altitude of
t-lre water table (ftg. 26A1 . The altitude of the bottom of layer 1 is 3'700
ft, except in the southern part, of the model area where.granitic bedrock is
abtve 3r?00 et (fJ.gs . 20 a;d 221 . In thLs .area, the .bottom of layer 1 is 

_

the contact with inpe:meable granLtic bedrock. The saturated thickness of
each layer-2 and layer-3 .block is calculated by subtract,ing the altitude of
the botEour of the lEyer from the altitude of the bottom of, the overlying
Iayer, respectively. The bottom alLitude of layer 2 is 31000 ft, and ttre
boltorn altltude of- layer 3 J.s L1 500 f,tr 'except where. granit,ic be&ock is
above these altitudes-. In these areasr the bottom of the J.ayer is the
altitude of, the contact with granitic bedrock.. The saturated thickness of
layer 4 is calculated by.sr:btracting the altitude^of the granitic bedrock
suiface from the altitude of the bottosr of.Iayer.3.

The altltude of the granitic-bedrock surface lttg. 221 ,I" "Ja*a.Ofrom geophysLcal surveys of tbe model area; the base of t'he f,l'ow nodel
corresponds to this surface.. During callbration df the model, the saturated
thicknesses of model ceJ.ls in laye:: J, .were recalculated rtith each change in
altitude of the simulated water tabler the saturated thickness of rnodel
celJ.s in layers 21 3, and 4 rernained constant because the water level never
declined below the tops of these layers

Estimates of hydraulic conductivity for the basiti-fiII deposits' based
on production tests and on strreci.fic capacities calculated f,rom well
drLllersr data, range fron less than 1 f,tld to |reater than X0 ftld. The
higher valueg nele generally from wells in the area of the near-shore
deposits. Estl.mates of lry&aulJ.c conductivity for the volcanic paterials
range f,rorn abouE 2 ft ld to about 10 tE/d; based on rePorted specJ.fic-
capacity test data. SpecifJ.c-capacJ.ty data from wells in the volcanic rocks
were from the southern part of the basLn near Fish Springs Ranch. For model
cells in whLch basin-f,Lll deposits overlie volcanic rocks, hydraulic
conductivJ.ty was cotrputed as a conpqslte of tlre hydrauJ,ic conductivlty of
the basin-fill deposits and the hydraulic conductivity of the volcanic
rocks, proportional to the extent and thickness of each uait etithin the
particular cell

For initial urodel sfunulations, uniforn hydraulic conductivities were
assigmed to eacb tnaterial tlpe in each layer. Initial values.for hydraulic
conductivJ,ty of basin-fill. deposits for layer 1 were 1 ftld for the fine-
grained lakebed sedinents and 4 f,t./d for the coarser grrained near-shore
deposits. Hydraulic conductivity decreages with depttr in deep sedimentary
balins because of compaction by the overburden. For exampler Durbin and
others (19?87 p. 76) report a 50 percent decrease:Ln hy&aulic conductivity
per 11200 ft of depth. For this studyr ft was assused that the hydfaulic
Londuitivity of thb basLn-f,ill'deposits ln layers 21 3' and 4 were 751 50,
and 25 percent of the hydraullc conductLvities of, layer 1 materials.
Initially, the hydraulic conductivity of the volcanic units and the fault
zones, shown in iigrure 2X, was assumed to be 70 ft ld. The hydraulic
conductivity of volcanic rocks initiaDy was assumed to be the sane'for each
layer
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FIGI'RE 22.--EstiDated altitude of bedrock surface in the ground-water
nodel,, eastern Eoney Lake VaLley and adjacent areas-
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Initial est,imates of hydraulic conductivity were changed unifo:mty for
each material during the catibration process. E3ti&it,es for the older
volcanic rocks in the south were reduced f,rom 10 fE/A to 45 fEldt' and for
the younger volcanic rocks in the north, from 70 ftld to 5 ftld. Initl'a1lyr
f,aull zoneg were assurned to have no ef,f,ect on ground-etater f1ow. Howeverl
during the calibration ptocess, hydraulic conduct,lvities for two fault zones
within tbe volcanic rocks lfLg. 2Ll were reduced.to 0.01 f,tld to achieve a
better approximation of the neasured water levels and gradients. Ot'her
faul;s in *re modeled area may also affect flow; they were not simulated
because thelr effects as conduits or barriers to fJ.ow are unknown. Near
these faults, either rrater-level data are unavailable or watel levels do not
inrl{cat,e eff,ects. Therefore, reduced hydraullc conductivities trete not
required to lepresent these faults in the calibrated nodel. Initial
estj$ates of hydraulic conductj.vity for the basin-fill deposits-were algo
adjusted during the calibration paocess, but the original, estimates produced
the best match between measured aad simulated heads. Flgrure 21 shows the
distribution of hydraulic conductivity for each of the four layers at the
end of the calibration process.

I€akage Betyeei Layels

Vertical leakage of natel between rnodel'layers occurs where the
hydraulic head in a rnodeL block differs from the head in the b.l,ock below.
The rate of leakage is the ef,fectlve value of vertLcal hydraulic
conductivity between layers, rrultiplied by the diffelence in head between
the two layers, divided by the lengrth of the vertical flow path. The
vertical hydraulic conductivity divided by the lengrth of the flow patht
referred to as the leakance te::!rr Ls used in the model.

On a regional seale, j,t is not unconmon for the trorizontal hydraulic
conductivity to be 100 or more times greate! than the vertical hy&au1ic
conductivJ.ty (F!eeze'and Cherry, L979t p. 34) . During rnodel calibration for
this studyr-this ratio produced the most satisfactory results. On the basis
bt ttris relation, leakance values were varied proportJ.onally in response to
changes ln the horlzontal hydraullc conductivity of the layers during the
calibratLon process. The resulting approxj:nate values of leakance between
layers 1 and 2 ranged from 0.00002 to 0.0001 (etld) lft of saturated
.thickness. Leakance between layers 2 and 3 ranged from 0.000005 to 0.00005
(ft,/d) lfx ot saturated thlckness and leakance between layers 3 and 4 rangred
from 0.000002 to 0.00004 (ftld) lft ot saturated thickness.

SB|II!'AEION OF RECETRGE AlD DISCEARGE

A1l, recharge to the flow-rnodel area is assumed to occur as
(1) inf,iltration of precipitation fal.J.ing directly on the modef,ed areat
(21 infiltratioir of gurf,ace runoff orJ.ginating within the modeled area'
i3i infiltration of irigation water, ind (4) -ground-water inflow actoss the
western and southwestern boundary. Discharge from the flow-model area
consists of: (1) evaPottanspirationt l2l ground-water outfLow from the
eastern boundary, and (3) ground-water withdrawals frorn wells.
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EXPLANATION
STFEAMFLOW INFILTFATION BATES IN MODEL CELLS, IN ACRE.FEET PEF YEAR

tlo
GF'- El lto 150

N 151 to3oo A 1,2ooro 1,600

E 301 to 600 (--..,-, S8n8FFfr"'t

FIGITRE 23. --Coatiaued.
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' Becharce

Inflltration o! PrectPltatlon

rhe Deep Percolatig" -Y?9"1- J?1"1.'1:^:?:?- ::.' ::tlT":i"%i:li;:*i',."n"ll3 "oi"Eni"5i?tli"ifi'TiFi:i:;_*^i;::ili::i':1"':":*,iTl,l"ti'.i1"''
;i:T:gi ?I'"ffi"T::fid#;i:- ii:;-::?:1. :i;i:?o;"hn:"ii:'::l B3'!'ll'ili
3ffi 3:i3 ::'J:: 3:3iH;:iii:ii:"x*:::,;:i,*l Ti:""::l;:: g:ffi:l{
33!un;lo,::":E: $':.:::ilfi$ ;i{:t+:r-i"u". rhe eastern boundaries
^4 !L^ -^,ral o 2ra n6r_ exactfV CoinCident beCause the flow-model area wag
oi-irt. rnodels ire not exactry
:il::3"t'3::i;':"il;':ii;;::i::li:;: -:':,:::'il"li::1.' 3: "3::313*:::
:5i:'. "',f,:"i13":##i'#i"iry- ;i:*l_ ;:: :*:t-i-l, :+::"3r1;r'uii:"?;$H:cells. The f,Low-mooer ancr urlr vlase ,fi"ii6t wLthln the flow-mode'
iElt'"=g.-iiom ttre direct rl!r1!:?ll:i"o:^p::,::F"-. al:our 4,zoo acre-ft/yr.:::::=ffi.ff"T""1in$:'i;,'i!'!!.r,n"red ro a.'"'use.abour 4,200 acre-ft/vr'

Figure23Ashowsthearealdist'riSutionofciound-waterrecharge
a*ribured to tn! 

-er;.;a infiltrfll;;-;i-Ptecipiiiiion' which was used in
the calibrated iioor.oael. . To-"uii.f"t"t" ttre n-oaet (match si$ulated with

observed vrater i"i"r"-I"l'"t.ur-ailiribution of evaPotranspiration from

phreatophyt" "oiJ"ir-"n 
iaaitionll-sr ooo-itt"-ft of' recharge was added in

the southeast VirginLa Mountuirr"-.t"1, rnafing ifte'tottf amount in the model

area 97 200 acre-tt/y:. gome p"!"fUf"'exptanitJ-ons for the existence of
addltlonal rectrarge j.n the "o.ttn"itt 

part of the flow-rnodel area are:

ThevolcanicrocksinthisareaaremorePermeablethanthose.ln
the north.r' p"if-oe--*,. moder aiE" ana t-herefore precipitation
lnfiltrares aE a higher Tale. T;;-";ait"ced hydraittc tonauctivl-tv
of the volcantc-r;i; in'the "o"-{ttut"-"i"" 

is iS ftld comPared to 5

fE/d for the vol-cinf" iocf" in the northern Part of the model area

(fls. 21)r but iiE--opu-ime*roa used ro estimate rechargte from

precipitation) io."-""g'consiael-tn.-n9*i"ability of t'he underlying
consofidated material and can underestirnace reclrarge in-guch
settlngs. The ilot nodel was calibrated on the basis of this
assumplion. i

i.

The area contributing recharge to the flbw-rnodel area rnay be larger
than the tfow-rnlEO-- it"" fC it"'"a-t"t"t','divides do nog coincide
vrlth t.he topogrliili.-Uot "a"ri""l.-VofcanLc 

rocks in the southeast
parr of .n. ".oii"ii"i-!*iiii-i"vo"a !h?l rgposraphic divides used

for the DpM recharge estirnates.-"erecipitation tiffing directly on

;;i;;i.--i;.;;-;;;3ia.-ii'.-.oa"r a=ea irai' enter as gubsurface

inflow. i
Vtater could entel the model area from basins to the south as

underflowthrougthfaultzoneg.--Asdiscussedinthesection..subsurface rntiowl;-a.ti-.ott""t.d for this study could not
co"iir^ or refute tt is possibiltt'y ' '"

Iaflltratioa of Streanflow ' :.

observations made during the course of this s!9d{ indicate that in the

flow-moder area, 
-afiout .ff ihe surf ace-water runoff -from the mountainous

areas infiltrat,"a-Gio-tfre-U.sirr]tiff-a"posits within a, s!r91t-distance of

the rnountaln front. Also, ,r.g"iuii-n is'sparse along stream-channers iir
basLn-fill deposit, indicatf"g ;;;;;itit"pittcion of-streamflow is minimal'

Therefore, for modellng prrrpo".Ir-I[-""rtace-vtatet runoff from the

rnountains gugounding the va1ley'rniu ."",'*ea to-intiltrate the basin-fill
deposits near the mouths of theJ";;;"*"-iilg.-z3ef and evapotranspiration
;;;;;i;.".ii"" ttas assumed to be nesrigibre'
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EXPLANATION :

PRECIPITATION TNFILTRATION FATES IN MODEL CELIS, IN INCHES PER YEAR

2.1 to 4.0 A 6.1 ro 8.0

4.1 tO 6.0 
-o.- 

FIYDROGRAPFIIC. BOUNDARY

FIGIRE 23.--Si8ulated distribution of rcclrarge fron inf,iltration
of (A) precipitation and (.B) streaaflorl ia the Eround-water model,
eastertr-ltoney l,.ake Valley and adJaceat a8eas.'

N
T

tr
@

0

0.1 to 2.0

-84-



EXPI.ANATION

STREAMFLOW INFILTMTTON RATES IN MODEL CELLS, tN

N
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Rush and Glancy (196?, p. 18) estfuoat,ed, that, about 4'000 acre-ft/yr of
gurf,ace-water runot? irorn ttrL mountainoui 'areas recharges the basin-fill
a.poJii" in a study area about one-half the -size of the flow-model area.
gelause they estimlted a discharge.of 11r000- acre-fE/y= f,ron the same area'
ifr.V 

"ott"idired 
their recharge eitimatea to'be too smallr either

una6restfunated or a result oE unaccounted subsurface infLow '(Rush and
efJ"cy, L961, p. 42r. Estlmates made for the preselt-study.indicate
ifiii-iiro"t rSr-O6O aLxe-fx/yr of, surface-water iunoff from the mountains
ii"Uf" fel =etharges the bisin-fill deposits -in the modeled atea. These
estimates of rechirge by streamf,Ior arL based. on tf:e work of Rockwell (in
press) as part of this study.

IsfLltratioa of Isrl,gatioa lfater

Of the ground-water withdrawn for irrigation and applied to.fields, 25
pelcent is a6sutred to infiltrate to the watertable as recharge.- The-total
innual recharge iiotn irrigation return flow'is estimated to be about 11500
icie-ft, on tf,e basis of iggg irrigation withdrawalsr and was assumed to
recharge the nodei-celIs in layer L at the locatj.on of each of the five
punpini we1ls sirnulated during calibrat,ion as shown in fj-grure 24.

Sr:bssrface Iaflow

Ground-water Lnf,low f,rom the brest and southwest was siJoulated with
general-head boundaries (tig. 19). Initial estinates of conductance across
i,trese boundaries were based on Limited inf,ormation. During model
calibration, the conductance was adjusted'until the best match between
siruulated and measured heads in wells near the boundaries ltas obt,ain9d.
These adjustmeats affected the amount of, inflow at the boundaries.

The calibrated modef siJllu].ated a tot,al- of about 580 acre-ft/yr entering
the system actoss the western and southwestern geleral-head-boundarles in
ifre "iper two layers. This agrees with Rush and.Glancyrs (1967, p. 2!l
estimile that ab-out 600 acxe-it/yr of underflow enters f,rom the we.st between
the nouth of Skedaddle Creek in Ltre north and Turtle llountain in the south
iti. 1). The model atso simulated about 590 acre-fE/y= flowJ'ng westward
tiward, Honey Lake in the lower'two layers. No nater-level' data are
available f-or layers 3 and 4 to verify the simulated outflow. The Pattern
of inflow near tire gurface and outflow in deeper layers along the western
boundary may be the result of errors in heads specified outside the.rnodel
along tire gEneral-head boundary. However, this would not affect net flow at
the Soundaiy or the State linel or changes in net flow in different
JGufationsl The calibrated model sirnulatid a neL flow of about ?00 acre-
fE/yr eastward across the State J.ine (table 18).

Dlschargre

EvaPotraaaPlratioa

Evapotranspiration from-ground watet is simulated in the model by a

Linear decrease-wiirr aeptrr, d6creasing from a maximun evaPotranspiration
rate at land surface until it reaches a.specified depth beLow land surface
at which .o"poti"ripiration ceases (extinction deptb). Th9 sirnulated rates

""a aiJt=ilulion cair ttetr be compared with independent estlnates.

The maxirnum evapotranspiratJ.on rate used in the model (f,or oPen watet
at land surtacei-*"i-ii"*n"'a Co Ue 4 f,.E/yxt about 5 percent higher than the
E".poi.tior r"ii, tiiit-t"a for.Honey- J,ake, to account for the drier climate
in the eastern part of the basin. ifre rate $tas not coltected for
E".poir."spiiitio"-oi-piecipitation and soil moisture above the watet table.
;oG;;;; il""fiinjtv=riiivsis indlcated that a maximum evapottanspira!,ion
iite SO'percent greater or snaller would have negligible eff,ects on the
results
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rAala U.--itt amClov cstjaates tos the
gaound-vatet flov rcdel

lBascd on Rockvall 1l.n Press) I

li
,

lia!;
..

1.

li
I'

:l:I'
.:

fir

l,
I'

Stream oa arca
Dralnage area
(squarc nllcs)

Annual streamflow
(acre-feetr rounded)

sp€ncer Creek 4-72
.skedadd,le Creck 83.{
Intervening aseas frora

Strrcncer Creek to
tlever Sweat HiUs 25

Cottonwood Creek 14.5
Gasperoai Creek L.24
Rock SprLngs Creek 2.46
Milne Creek 2.28
lfLJ'J.ow Sprlngs Creek .19

. Fish Spri.ngs Creek 3.?3
Anto:lnette Creek .77
Butl€a Creek .50
Mullen Creek : .46
Fort Sage Creek 1.56'
Integvenlng areas J.n

VJ.rglnla and Fort
Sage Hountains 26

380

5,000

2.00.0

1,500
50

2L0
200
160

310

30

30

110

4{0

2t 400

I
,l

T

I
Ifotal (rounded) 168 13,000

t
I
I
I
I
I
I
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EXPI.ANATION
MODEL CELL IN WHICH PUMPING WAS SIMUI-ATED DURING
CALIBRATION AND FOR HYPOTHMCAT DEVELOPEMENT
COND|TIONS - NurDer ls pumping rale, h acre-lsel per year, for
calibration sl nlalion

MODEL CELI. IN WHTCH PUMPING WAS SIMUI.ATED FOR
HYPOTHETICA DEVELOPMENT CONDITIONS - Pumping rate,
63tl acre-teel per yeat

}IYDROGBAPHIC BOUNDARY

FIGITRE 24.--S!auLated distributioa of ground-water puping for the
model calibration and for hSpotbetical develolrcnt conditiongr
eartera tloney Ilake Valley aad adjacent.ateaa.
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. Tbe nodel simulates..discharge.by'evapotranspiratlon ln.f-aVer-| blocks
where the irater:t"bia-altitude ii ab6ve the' evap6lranspiration sGinction
d.pih. ---ifre #cfdEf;n depths .o!-eoapgtranspiritlbn wete assLgmed to rnodel
Uibcfs (fig. 25) oa the bisis 'of tbe- f,ollowing: (1) In the playa 8r€3sr
e"ipo"adfoi ot ground water throggh the lare gurf,ace is assuned to cease at
an-ioe"igi Aept6 of,, 12 f,t below lind surfacer on the basLs of depth_to statet
{n a test hole augered Ln thg playa (Rugh and_Glancy, L961, p. 32, 5?). The
i"tfttctfon depth 5f evapotraaspLritlon Ls shallow.because-no_phreatophyte
roots are ptesent and s6dinenti aEe vety.flne gralned., ,(21 ,In the areas
where greaiewood-(a ptrreat,ophlzte) predonlnate-sr ttre-extLnctlon deptlr J.s

est,Lsa€ed to b€ 36 ft belod t-aaa sirrtace on.the basis of observations in
6;tt.Lake Valley aad elsewbere. For exaqller Meinzer (L927t p..4X)
iipo-rtea depth to water eras ar rouch as 33 ft below land surface in
giLa-e"ood ireas in Big Srnoky -ValleyT Nev. Greasewood roots were observed
;i-;-adirr oi Sz fr beiow taid surf,lie near Grand vLew, rdaho (Roblnson,
igSg, E 

-SS-ggt . -in ttoney Lake Vatley, greasewood grows lear observation
welli i ana 2 (pt. 1) r wh6re the deprf, t6 warer is about 20 fE, but -tlis
;;;a.bry-iJ nod,-itte-rniximrrm depth t-o water in areas where greasewood is
&orinanl. (3) lhe otheE bseas- contal.n'mixed phreat,ophyt,ic vegetation
coutpoJea nainly of, greasewoodl rabbltbrushr gragse3, and f,orbs. these
ptairts are assim€d €o transptie ground-nater-f,rom a nuxlmr:gl depth of 24 ft
te:.o, land surface. ln Aoney Lake Valleyr mixed.phreat,ophyt,es gtott neal
observatiou we].l 21 (p1. 1), where tbe.depth to water is about 13 ftr also
pioUaUiy not the rnaxjir:ra. ihteatophlrLds survLve'on soil moisture whete the
i""iei-tiU1e is too deep to reach; Lhe nodel si.rrulates no evapotranspiration
in these aleas. DLstributLon of phreatophltt'ic vegetatJ'on is shown on
plate 4.

For this ctudyT for coryarison wj.th model si.rnulationsr the dlstrlbutlon
of phreatophyE,J.c v6|etation Ln the flow-model area was derived from a color-
enhinced f.inEsat trnige (f,or Septernber 2, 1980), and verif,ied in the field.
The Landsat resules iere atvlaed into seven Level-I classes nodif,ied f,rorn
those of, Anderson and others (1976t table 2) - The rangeland class was
reclassified to identify potentlal phreatoptryt'e zones' which were then field
checked. About 26.000 icles in tne f,Iow-model area were classif,ied as
phreatophyt,ic zonei; about 311000 acres as nearly barren-or.playa areas; and
iUout 1IOOO acres as native grassr J.ncluding some wetlands (J. LaRue Smitht
U.S. Ge;logical Survey, wrLtien co$mun.r 1988) , f9x a-total of, about 581000
acres where evapotranipiration f,rom ground.water is likeIy to occur. The
distribution .Lg- shown on plate 4. Acreages in each class were multt9f199 UV

tbe cottesponding evapotrlr$piration lates to conpute an estimated ]{r 000
acre-ft of,-annuai.evafiotransliration (table 15). '3

At the end of the caliblatj.on prccess, the predeveloment f,low model
.sirnulated annual evapotranspiration of, approxirnately 115' 000 acre-ft (about
15 percent greater than the 13r000 acre-ft baged on Landsat i:nagery and
est-i:nated eiapotranspiration rates) r distrjJcuted over 88 ceIls of the model
area, as show;i in figrrre 29. The Landsat disttibution was cotrq)ared with_the
predevelopment simulition because the images.are for 19807 before most of
Ltre irrigltion purpage began Ln the Flsh Springs Ranch atea. The simulated
evapotraispiration rite ii about 20 percent higher-than that estinated by
nush and GlancyT 91000 acre-ft f,or 501000 acres (L961t table 14)r an atea
about 10 percent snaller than that simulated by the 9ode1. The simulated
area of evapotranspiration, about 56'000 actes, is about the same as the
58r000 actes estimated from Landsat, images-
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EXNNCNON DEPTH FOR MOD EL€ELL B/APOTMNS PI RATION

@ 12 FEETBELOW
LAND SURFACE
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HYDROGRAPHIC BOUNDARY
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FIGI'RE25.--Assrrrnedextinctioa.depthg.for--eySpotranspirationinthe

gror:nd-wat"= ilI!r;;;;a;ot aonly Lake valley and adjacent ateas.
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IABIE 15.--EstJaatcd avapof#f"it:l21 .t tsow! vates Jn thc ,i
ii

I :.'
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I

ii
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I:.
i-.:
II

-

Vcactatloa group

' Annual cvaPotraasPLratlon

Arear Rate
roundeda nangeb uscd Acre-lectr

tacres) (feEt) (feet, rounded

t{ixed phraatophltes
Bare playa and sparse phseatoPhltes

Native g=assc

26.000
31,000

1,000

0.2-0.4
0.1-0 .2

1.5-2.0

7,800
3,100

1,800

0.3
.1

1.8

.:
?;,r'..r'rr

;-,l:
t
1,.I.:f

t
,l '.
'r-l-'
I

li
f:'I

58,000 13,000

a Based, on analysis of, landsat data for Septenber 1980 and lfualted
fl,eld checkLng by iI. LaRue Snlth (U.S. @ologJ,cal Surrreyr written cotrrtrlo.l
1988). :Distribution of ph=eatophytic vegetation is shoitn on'plate 4.

D n t"" are based on data froc work Ln Honey Lake valley by
CalLfornla Departmen! of Fith and Grqe (wrl,tten goftaun.r 1988)r
9{llllam D. Nlchols (U.S. Geological Survey, wrLtten colEnun.r 1988)r
and work Ln other aEeas by Lee (1912, r glhite (19.32) r Young and Blaney
(1942), Rob:Lnson (1970) r Houston '(19501, and PatrLck A. Glancy and
James R. Harrl.ll (9.S. Geological Su::vey, wrieten co@un., 1990)

c NatLoe grass areas Lnclude sone wetlands. the extent of,
Lrrigated cropland in the flow-model area was negligible in 1980.
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. Sr:bsu=fece otrtitow

Ground-water outflow easterard to SrnokelCt."f Desert and Pyrarnid Lake
Valley wiJ sirnufated in the model by generaL-head boundaries. During the
ciiiUiation procese, the conductances of the general-head boundarieg were
viried unt,il- the siinulated heads for the rnodel bLocks near these boundaries
tnatched meagured heads in wells located in the blocks. This resulted in '

sj$ulated outflogr to Smoke Creek Desert of, about 51300 acre-ft/yr and
ifriJugh Asto! iiss to Pyramid Lake Valley of,.about 1'500 acre-f,t/yr.

Grouad-llater ltitbdrawalc

Ground-watei erithdtawals by wells frorn the f,low-rnodel area were
simufiita is d,ischargre frorn fiv6 model blocks that correspond to locations
oi iine existint irr.Lgation weJ.J.s in the FJ.sh SprJ,ngrs Ranch area lfi,g. 2al .

iOi-cha=ge fron-smalllcapacity wells was igmored.) Estimates of, total
annual wlthdrawals from Lfre tirigat,ion wells during 1988 range f,rom about

.- irSOO acre-ft, on the basis of, flow-rneter readings (adjusted for periods
when the meters were.malf,unctioning) r to 61500 acre-f,t on the basis of
irrigated acteage and estimated crop u9ag9. An'intermediate value of about
Sr 906 acre-ft wis used f,or the n9del sim,ulations (t,able 15) .

A steady-state model that sitnulateg the ground-water.flow System.under
three sets oi equilibriurn conditions was conqpJ.eted for this sludy. 'First,
the mode.L. was cdlibrated to current (1988) conditions of developmelt. This
provided L steady-state representatlon'of the system using the 1988-clistribution of punped wel1s. Secondr the steady-state predevelopment
conditions lrere limutated by removing the pumping stress from the 1988
calibration. This produced a means for evaluating-the validity of.the
,issurrrption that the- ground-water. system was aPProximately In equilibtlum.
durin-g 1988. third, the project6d steady-state conditl,ons lesulting from
frfpotfrettcal lncreaied delel6prnent were gi:nulated. Each sirrulation resulted
iir- a set of water J.eveJ.s and Lecharge and discharge tates for eaeh model
cell, and a ground-water budget for the entire rnodeled atea.

ESE CAIIBRAIIED UODEI,

The model was calibrated to x988 conditions rather than to
predeveloprnent conditiong. because hydrologic data for the period'before
'developrneirt are lirnited. Mean annull rates of natural recharge and_
aiscnaige and 1988 ground-watbr wj.thdrawals and irrigatigl_return flows were
used in-the model, ind ground-water levels measured in L988 were uged to
calibrate the modeL. ff,e ground-water system was assumed to be in
equilibrium.

Resufts of, the model representJ.ng the ground-water flott system at
co="eti- (1988) con4itions of- development ate shown in figrurl 26A-Dt ag

"irf.ia.i-riiet 
levels for each modbl layer at the end of the caLibration

pi"J!si. fignr" 26A and 268 also sho$t the locations ofr an9 measured water
ierr"ii for 36 selected wells used for model caLibration. The root-mean-
square elrot between the neacured water levels at the wells and the
si.mulated water leve1s at correspon.iing rnod.el cells is about 2.1 .ftt and the
;;;I;;i-aiiierence between meas-ured and simul.ated water levels is about 5

it-iiiUf" rZl . In the north part of thg.valley, hgads simulat'ed in the
lower layers are above Land surface. This is consistent with observed
flowing wells.
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- 
{!@- SIMULATED WATER.LEVEL CONTOUR - Shows.water-surface

alitude, h teet above sea level. Contour intgrval 10 f€et

r.r o' WELLAf.ID MEASURED WATER L6/E-, 1988 - Water*urface
allfude, h teel above sea level

FIGITRE 26.--Measured ground-water levels, 1988, and simulated water:level
contours at the end of model calibration, easter:r Honey lJake Valley andadjacent.areas. (Al, layer 1; (Al , Layez.2; lCl , }ayer.3; . (Dl r .layer 4.
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TABLE 16.--9JauJ, ated gr:ound-ttater ttithdrawals
fsom lssigatLon vells in tlle Eish Sptinga
.Ranci ateat 7988

uodel (fl.grure 19)
Well nrsaber WLthdrawals

(plate 1 (acre-f,eet.
aad table 10) Per Year)

li
Laycr Ror 'Colunn I

T2
2
2
2
.2',

25 .2t
28 15
28 t7
28 "19
29 19

24
19
18
20
t7

1,0{9
Lr07L
Lr267

.,1r-138. ...
1,1106

lotal (rounded) 5,900

f',

t.
l.
l,
I
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'l
,l
:l TABLE 11.--Heasured and simulated rater leyeJs at selacted

obsewatLon vells' 7988

:l Model cell
(figrure 19)

layer Row Column

WeIl nurnber
(p1ate 1

and table 10)

Land-surface
altitude

(feet above
sea level)

Water-level altitude'(feet above sea ].eve].)

t{easured simulated Differeacel,il

1l

ll
11?
117
x18
118

. L..,.. 19

16
24
2L
24
10

18
22
17
2t
24

t7
15
15
18
22

t2
L2
14

5
5

6
6

11
2t
15

38 4,110 31 961 ?' 995
39' 4tL18 3t929 31931'

. 36 4,254 ?'212 3' 9s5
31 41 0ll5 3,945 3, ?198 4;010 3,991 . . ... 3,.?8t 

.., .

+4
+2
+4
+3
-5

+5
+1
+G
+3
+2

-1
+2
+3

0
0

trl

il
:I
,f
if

t20.1 20
]-2]-
12L'1 22

4r 063
4,005
3,995
4,001
{,010

3r 991
3,988
3,985
3r 991
4r17.2

4,005
ll, 000
4r1{5
4,004
{r 000

4,009
4r 018
4,010
4t0t2
3,979

3,988
3,995
3,919
4,0L2
4.t76
41025

31 961. 3,962
3,957
3r 955
3r949

3r 957
3,951
31 955
3,957
3fi14

3t966
3r 953
3,963
3,968
3'r.951

3,955
3r 953
3,959
3,95?
31914

123
t24
t24
L24
\24
t2s
L26
t29
216
220
2."20
222
224
225
2' 26

221
228
228
228
229
229

33
34
30
32
31

28
21
26

.29
25

3.
2

14
9
1

6
5
4

24
23

3t916 3t974
31972 3t972
41 010 4,008
3,985 3,988
3,985 3,985

3,983 31 984
31 985 31 986
31 981 3,919
31918 3t974
3t962 .3,965
3,969 3t967
31972 31 968
3,969 31 968
3,980 3t919
31913 3,9?3
3t982 3.982

-2
0

-2
+2

0

+1
+1
-2
-4
+4

16
16
L1
19
16
19

22
19'18
20
16
l7

-2
-4
-1

0
0II

::.I
I
:

,l

I PIo" sigm indicates
lndlcates slmulated level

simulated level above neasured level; minus s19m
below rneasured level .

-98-



Botb :lnflow and outf,low are slnulated across the nest-southwest
boundaries of, the nodel area. Inflow prirnarily occurs in the upper layers
of, ttre model; outf,lon pri'narily occurs frorn t,he lower layers. Honevett
water-level data to confi:m the gradient are not available f,or depths - -
.oii"spo"dtng to the losrer layeri of the nodel. In the calibrated rnodel,
f"ifori are 6ithl,n 2 percent of outflorrc across the wegtern and southlrestetn
boundaries. At the S!,ate U.ner itnulated net f,low is eastwald at about
?00 acre-fL/yt (table 18).

To demonstrate the ef,fects of the simulatEd fault zon6, a seParate
sinulation eras srade assumLng no reduction in hydraulic conduct,Lvit'y in model
blocks representlng the fauits. Dlf,ferences resultlng from_thls slrnulat,lon
trire negligible ex6ept for water levels in the vicinity of Flsb lPrlngs
Ranch. -f.lelr the fauit, si.mulated watet levels were lower east of tlre fault
lna-rere higher west o! the fault,T resulting ln.a water-level gradient from
west to east, which is opposite to the gradient Lndicated by laeasured water
levels Ln wei].s in that ilea. The maxlmr:n diff,erence in head at the State
iine *as an increase of, about 1 f,t. Annual ground-water flow actoss che
western.boundary dld not change.. .Outflon..acloss the eastern boundary
decreased by about, 100 acre-fE (1ess than 1 percent) and discharge by
evapotranspiratton also increased by less than L percentr'in conparison to
the. caliJctated model.

To ascertain the ef,fects. of the'assuaed altLtude of the Honey Lake
surface on f,low acaoss the general-head boundary at the nestern edge of the
model7 another simulation nas made. The general-head (lake-surface)
altitirde was set at 31 983 ft (3 f,t below the level in the callbrat,ed model) .
As a result of this change, simulated ground-water infloet actogs the western
boundary decreased about 140 acre-f,X/yt (about 25 percent) -and the maxirnum
change f.n water J.eveJ.s was a 3-f,t decline at the western edg'e of the rnodel .

l.todel Sensl.tlwlty

lilany assunE tions and est,i$ates are uged in the deslgm and constructlon
of a ground-watel flow model. To test the response of, the rnodel to a rang:e
of values for the lnitial estimates, a sensitivity analysis is made. this
analysis indicates what changes in $rater levels and in components of the
.watei budget would result from the use of dif,f,erent, egti.rnates of aquifer
properties within assumed limits. The limits are set to enconq)ass the rangie
of uncertainty in the estfunated valueg. The procedure involves unif,ormly
changing values of hydraulic propert,ies in the caU.brated flow model. For
each-sei of sensitivj.ty teste, one property is varied as the others are held
constant, and the nagmitude and direction of resultant changes j.n wat,er
levels and in conponents of the t ater. budget are recorded.

' .To evaluate the results, the root-mean-sq[uare deviation (error) between
measured and simulated heads in the modeled area (1988 conditions) ' and the
differences in simulated f,low across the westeln and eastern boundarieg were
dete:znined. Differences provide a qualitative assessment of sensitivityt
but they cannot be used to verify the accuracy of a-steady-state model7
because solutions to steady-state models ale not unique. Errors in one set
of estimated values can conpensate for errors in anothe! set and produce the
same resuftg.
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Ihe iogt-rieaD:s.guare devl,ations (error) ln net grround-water flow: acaoss
the western and eastern.boundaries and in water levels were plotted against
ilre chinge factor f,or each aquif,er property (figs ' 27 At Bt and:c) and each
recharge-and discharge .bstinate (figs.- 27 bt E, and F) . A change factor of
f.0;. tidlcated by a vertical llne aE tne cdnter of each plotl represe{rt,s.the
calibrated model-and can be used for conparLson. The. greater the deviation
of the florr rate or water level f,rom lts initial value at a change f,actor of,
1.0, the gleater the sensLtivity of the model to an increase (change-factor
greiter t6an 1) or decrease (chinge f,actor less than 1) in that aquif,er
iroperty or Lnitial estlmate. .The change f,actor was appligd to the values
ioieactr propetty in all four layers simultaneousllr. It should be noted
that, an Lircrbase-in hydraulic conductlvlty has the sane tesult as an equal
Lncrease in thlcknegs of, a layer, because the rnodel calculates
transmissivity as hy&aullc conductl,vily roultiplie9-by.thLckness._ .Changte
f,act,ors f,or eich pr6perty were varLed fion 0 .1- to 10 t,lmes the call"brated
values, where posiible. However, Ln sone cases the simulation could not, be
co4pleted (egrritions of, floer could not be solved) using extreme values. For
exairple, wheri the conductance acioss the eastern (Smoke Creek Desert and
eyrairia'Lake) boundary wag decreased to one-haIf, the calibrated value (5ee
p:.us (+) syrnbol in 'fig. 21A,l , the simulat,ion could not, be cornpleted.

The results of sensitivity analysls on simulated etat,er levels are shonn
ln figrure . 27 A and D. FJ.grure 2't t lndlcates that, simulated water levels are
most iensitLve to the conduclance of the interf,ace at the general-head
boundaries along the eastern edge of the model (Smoke Creek Desert and
Pyraraid Lake Valley) . Figrure 2? D indicates that, si.rnulated etater levels
also are sensitive to withdrawals f,rom the irrigation wel1s7 the
evapotlanspiration ext,inction depthr recha=gte fron precipitation, and
recharge f,rom the infiltration of, gtrearnf,Low originating trithin the.valley.
SirnulaEed erater leve1s are least sensitive to the hydraulic conductivity (or
thickness) of, the basin-fill (near-shore and lake-bottom) deposits and
southern volcanic rocks, leakage between rnodel layers, rnaxirnr:rn
evapotranspiration rate, and rechargte from irrigatlon leturn.

Flow across the western gtenelal-head, boundary (€ig. 27 B and E)'is most
sensltive to tbe evapot,tanspiration extlnction depth. It is less sensit,j.ve
to recharge f,rom preclpitation, rectrarge flom the infiltration of
streamf,low, the conductance at the general-head boundary along the western
edge of the nodel a!ea, the hydraulic conduct,ivity (or thickness) of t,he
aquJ,fer nateriaLsr and the leakance between model layers. '

Flow across the eastetn general3head boundary (fig. 27 C and F) is most
sensitive to the conductanie at that boundaryr the hydraulic conductivity or
thickness of the northern basalts, irrigation withdrawalsr and the
evapotranspiration ext,inction depth. It is least, sensitive to the hydraulic
conductivity or thickness oi the other aquifersr the maximum
evapotranspiration rater and recharge from irrigation return.

. Small errors in est,imating values for plopert,ies to which the model is
most sensitive can have a,sigmificant effect on the results. Other
propetr,ies can be , varied rnore than two orders of magrritude with very little
effect on model results
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8IGI'RE 2?.--Results of sensitivity anarysis on siBulated ground-water
levels and simulated gtound-water flow across western and eastern
Uounaari* of tbe model, eastern HoDey Lake Valley and adjacent areas.
in jrapfrs A, C, E, .aad F, negative values indicate flow out of nodel
arei, ind positive values indicate flow into model area.
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LLnl-tat':Lons of the Flow ldode].

.A digitaL model is usefui for testing and refining a conceptual model
of a ground-water flow systemr developing an understanding of the system'
guiding data collection, and projecting aquifer responees to changes in
aquifer sttesses within speeJ-fied limits. llowever, a model is only an
approxirnation of ttre actual systera,' it is based on sinplifying assunptions
and on average and estinated conditions, and cannot duplicate detailed f,ield
conditions. The accuracy with which a nodel can project aguifer responseg
is directly related t,o the acculacy of the input data used in the model
caU.bration and lt is J.nversely related to the magmitude of the proposed
changes in stress.

The raajor limitation to uslng this rnodel for projecting aquifer
responses is that it is calibrated only to conditions that are assumed to be
steady state. To calibrate a transient model regui.res a record of changes
with time. Long-term historical data in the nodel area were insufficient to
establish a match period. The steady-state model simulates an egrrilibrium
that uLtimately would be reached in response to a change in stress. It
cannot, predict the perlod required for the system to reach a nert
equilibrium. It cannot project intermediate head changes and it does not
account for changes is storage.

The accuracy of the simulations is Li:aited because the model uses
average values of aquifer properties and average wate! levels in each cell,
and for several ce1ls where measurements are gparse. lhe model sirnulates
general area-wide re3ponses to stress, but should not be used where detailed
site-specific projections are needed. Another factor that 1j,mitsj.nterpretation of projections on the basis of modeL sirnulations is the
uncertainty of the effects of nunrerous faults in the area on the fJ.ow of
ground nater. These ef,fects only can be determined by water-Ieve1
monitoring as deveJ.opment proceeds to the extent that water levels are
affected in the vi.cinity of the faults

PREDEVELOPI.IEIII COIID ITTONS

After the model was calibrated to 1988 water leve1s and development
conditionsT predevelopment conditions were si:nulated by removing irrigation
idithdrawals and return ffow and Lncluding only the natural sources of
recharge and dj.scharge. llaps of nater levels for each layer resulting from
this sirnulation (fig. 28 A-D) are very slmilar to those flom the calibrated
model (fig. 25 A-D), except in the vicinity of irrigation wells in the Fish
Springs Ranch area.

Sj:nulated heads near the five irrigation weI1s (fig. 241 are as much as
25 tt higher than in the stressed systemi however, in the rest of the area,
head differences generally are less than 5 ft. SimuLated predevelopment
hrater levels are above land surface near Fish Springs Ranch, where flowing
wells ceased to flow after irrigation began. Simulated net flow eastnard
across the State line is about 220 acre-ft lyx less than in the calibrated
model (table 18). Results of tbe predevelopment simulation suPpolt the
assumption that current (1988) developrnent has had only local effects on
water fevels and smalI effects on the ground-water flow systemt the system
is probably near equilibrium In mbch of the modeled area.
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XPLANATION

MODELCELL

I.II'DROGRAPHIC BOUNDARY

SIMULATED WATER.LE\|EL CONTOUR - Shows water'surf ice
ittitude, ln fset abov€ sea level; Cotttour lnlErual 10 feet

FIGIIRE 28.--Contiaued.
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EXPLANATION

MODEL CELL

HYDROGRAPHIC BOUNDARY

SIMULATED WATER-LEVEL CONTOUR-- Shows-ryarer'surlace
ittituoE, ln feet abova sea level. Contour Interyal 10 feet

FIGITRE 28. --Continued.
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EXPI-ANATION

MODELCELL
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SIMULATED WATER-LWEL COlffOUR-- Shows waler-sudace
idttuOe, tn teet above ssa l6v€1. Contour Interual 10 feet

FfGIIRE 28. --Continued.
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POEEII':IIAL EFrEC|!S OF INCREASED PI'MP!!{G

lhe calibrated model was uEed to sirnulate the -long-term effects of
nyfpottteif.if-f".i"ased, etithdrawals f,rom the modeled area. Annual
withdrawals etere increased trom ilout 5t 900 acre-ft in the catibrated model

;;-;bdi-fS, OOO-acie-ft in the rnodel represent,ing potential development'
This rate wag selected to be withia the range of amount'3 ptoposed by WestPac

uritiries (x989, ;:-xx-52 - Ix-58) and The iruckee l.leadows Project-(1989'
;:-it-f;; denerlpietti- rio* cte iettiter slst,eln_.in the Fish Sprins:s Ranch

area. In these irJposafs, g=oond rrate! irom Honey Lake Valley would.be
rransporred out ;i-'in; Uaifi.UV pi.peU.ne to the Reno-Sparks metropolitan

"ie. is a supplemental rnunicipal supply'

For the simulation of increased development, au-etLt'hdrawals were
agsr:ned to be removed f,rom the-iiow-moael aiea; theref,ore, no recharge from
returrr f,lo' yras i""i"a.a. necnarge from inf,iltrat,ion of precipitation and

stteamf,loer !t ere used in the rnodel at the ga:ne rates as in t'he calibrated
nodel. The 15,OOO aere-ft of annual PunPage ?tas removed from 18 model
brocks ""p""".riitrg 

ioc"tions Ji s oplraliig.ana 13 hlpothet'icar giroduction
;;iia- (fi;. 241 . No attempt sras rnaal to op[i-rnize location and rates of
ftf'p.ift.iif6af witts. A1l Uirt tto of, the weils are east of the simulated
fault zone in the southetar Patt-of the model area. The t'wo wells west of
the fault zone lePresent op6taif"g lrrigation wells. Each well was assumed
il-p,-6-i"o. r"iIi"-i-""a-2-dt a 6onstant rate of, about 830 acre-ft/yr.

. The distribution of g,round-water evapotranspirat,ion.from the calibtated
nrodel and the tn"a"f-Jimufition of, increas6d development is- shown in f,igrure
29 A an4 B. Uo-enipotranspiration is sirnulated in areas where the depth to
erater exceeds the aisigned evapotranspiration extinction depch- These
iig";e; inaicate how tf,e area trom which evaPot,ranspiration occurs could be
reduced as an eifect of development. Xf the assumptions for ext,inct,ion
depths are correctT phreatophrri'e roots would not reach the vrat,er table in
thLse areas and the PhreatoP.hyt,es would die.

Water-Ievel drawdowns at the end of this simulation ralge -from less
than 1 ft along thE wesCern boundary in layer 1, to about -100 ft in layers 1

and 2 near Fish Springs Ranch in th-e vicil-ity of simulated withdrawals (fig.
iO -a-- Ol , in cornlariion with current (1988) levels. The maxirnum simulated
ai."ao"rr'in tne-biiiiornia part of, the f,low-model area ranges from about 10

ft in layer 1 to about 40 fL in layer 4 near Calneva T,ake (p1. 1)'
Simulated net flow eastward acrose the St,ate ].ine is about 11 600 acre-ft/'yr
more than in the calibrated model (table 18) . Si.mulat,ed effects of
development are gireatel in the lower lay9rs -because the volcanic rocks
extendfarther iito ttre valley wittr deplfr (fig, 2L').,.The volcanic rocks are

^oi" i"i"irnlssine than the ov6rlying blsin-fiL] deposits. Therefore' the
effects of ground-r.rat,er withdrawlls;are transmitted farther into the lower
Iayers

pathlines (approximations of flow lines) compgted from the model
results by the rnelirod- of Pollock (1989) indicate the source of water to
;;Fa-"eits. parhLiires show that, in.the model caljlcrated to 1988 PumPagie'
the $ratet comes from the south. Pathlines to the L8 pumped wells in the
rnodel simulatingr increased purpage sh6w that most of the water comes from
ifre soutn, but 6ome flow is-from the west and northwest.
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EXPLANATION

EVAPOTRANSPIRATION RATES IN MODEL CELLS, IN INCHES PER YEAR

tr ruo ivepornansptnATtoN @ ot To 8.0

@| o.i ro 4.0 VA "., 
ro 12

HYDROGRAPHIC
BOUNDARY

FIGURE 29.--Siaulated lates of grgund-water evaPottanspiration^ (A) at the
end-of model J"rlui"iion and i;i.;t rrypotnetical develoFment conditions
in the grouna-witei rooaef, eaiteto Hon-ey Lake Valley and adjacent ateas'
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.EXPLANATION

EVAPOTRANSPIRATION RATES IN MODEL CELLS, IN INCHES PER YEAR
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FIGITRE 29. --Continued.
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EXPLANATION

WATER.LEVEL DRAWDOWN IN MODEL CELL

tr LEssTHANIoFEET E$ sorose FEEr

ffi loro4s FEEr @ too FEET oR GREATER

-D..- HIorRffiFft*,t

FIGI,RE30.--Simulatedlater-leveldrawdowns.forhSpotheticaldeve]oPment
conditions in-lhJ-ground-watei model, eastern ti-o'ney r'ake varley and

adjacent "t.""]"- fif , 
tioa"i rlVIi-iJ' tat ' tavet 2t. (C' ' laver 3;

(D) laYer 4 '
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.EXPI-ANATION

WATER.LEVEL DRAWDOWN IN MODEL CELL
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FIGITRE 30.--Coritinued.
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EXPI-ANATION

WETEN.UCVEL DRAWDOWN tN MODEL CELL
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FIGIIRE 30.--Contiaued. i
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FfGURE 30. --Continued.
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To determine the effects of simulated fault zones in the proposed-
development mod.el7 a sepalate simulation was made. this simulation assumed
no redi:cti.on in hydraulic conductivity in rnodel blocks rePresenting tbe
faults. As a reslrIt of this change, annual ground-water inflow across the
western boundary of the model increased about 18 acre-ft (3 percent) r
outflow across Lhe eastern boundary increased about 290 acre-ft (4 percent) r

and evapotranspiration decreasbd about 260 acre-ft (2 percent). Simulated
water tlvels i-ncreased east of the fault and declined west of the fault.
The maximum change in water leveJ. at the State line was an additional
decline of about 13 ft ;'

To determine the effects of the assumed altitude of the Honey Lake
surface on f1.ow across the general-head boundary at the western edge_of the
modeJ., another proposed-development simulation was made. The geleral-head
(lake-surface) iftituae was sel at 31 983 ft, 3 ft below the level in the
calibrated rnodel. As a resuLt of this change, sirnulated ground-water inflow
acloss the $restern boundary decreased about 160 acre-ft (25 percent) and the
maximum change in water leveL was an additional decline of about, 3 ft at the
westeln boundary of the model

The steady-state si:nulation of the ground-water flow system lrith
hypothetical increased pumping indicates the potential fong-term effects of
dEvelopment. This sirnulation was desigmed to be an exarnple to indicate
whethet the aguifer system could support ground-water withdrawals at a
proposed steady !ate. These withdrawals would only be practical if ground-
water recharge-in fractured volcanic rocks is suffj.cient to maintain
acceptable witer 1eve1s7 yields from basin-filL aquifers are adeguate, and-
effeLts on !,rater guality and vegetation are acceptable. No attemPt was made
to optimize the number, location, development scheduler or pumping rates_of
the welLs, except to locate hlpothetical wells east of the simulated fault
zone in the Fish Springs Ranch area (figr. 2a). .

SD'|ULATED GROUIID-WATER ELOW BI'DGEIS

The ground-water budget sirnulated by the calibrated flow model
indicates that approximately 24t000 acre-ft of water rechargres the system_
annually under the simulated steady-state conditions (table 19). About 92
percent of this eratet is derived from precipitation on the rnodeL area. The
precipitation either infiltrates directly to the water table or runs off
from the rnountainous areas and infiftrates basin-fiLl deposits near the
rnouths of numerous smal.l streams. Part of the recharge modeled as
infiltration of precipitation may be derived from subsurface inflow in the
southeast part of the basin.' The remaining rechargre.coneists of
infiltratiln of irrigation nater applied to fields within the basin (about 6

percent of the total recharge) and inflohr across the model boundaries (about
2 percent of the total)

In the caLibrated flow model, evapotranspiration of g:round watel
accounts for about 45 percent of the annual discharge from.the basin.
Subsurface outflow from ttre basi,n across the rnodel boundaries accounts for
another 30 percent of the annual discharge, ald irrigation PumPage in the
Fish Splings Ranch area accounts for the remaining 25 Percent.
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IABITE 19.--Sianrlated gtound-vater budgats for the

lEstfunat€d quantitl'esr ln-acre-f,eet Per--.-- ;;Gaed to two eigmificant figuresl

fTow-modaJ,

yeart

atea

Budget cotq)onent

Model Pre-
calibratl,on develoPment

(1988 (no
withdrawals) withdrawals)

Proposed
develoPment
(htEothetical
withdrawals)

RECHARGE:

Dlrect inf,iltration t
of preciPitatlon'

InfLltration of runoff,
Irrlgation letuln:

irorn surface-etater irrigatioh
,,,F..-.... from ground-water irrigation

Ground-water lnflow to rnodel area
f,ronr HoneY take area and

" Long ValleY Creek area
(in-shallow laYers of modell

Total recharge

DISCIIARGE:

Gro.und-water evaPotranspJ-ration
Withdrawals f,rom wel1s

(Nunber of simulated wel].s)

Grouad-water outflow from model
Srea wegtward to HoneY Lake area
(in'deepet' laYers of, model).-.

Ground-water outfLolt eastetard to
Smoke Creek Desert

Ground-water outflow eastward to
Pyrarnid Lake Val1eY

gr20o

13r 000

0
11 5.00

580

24,000

11,000
5,9oo

(s)

590

5,300

1r 500

9 t200
13,000

0

L

570

23r 000

15;000
0

. (0)

610

51 500

1,500

9 t200
13,000

0'0

560

23,000

4r 600

15r 000
(18 )

...420

21 000

700

r;i

I_,_

-ijI
F

r;j
t

fi
ri;
I

l*
A!'

r,i
I

.?

.t..,

I i,'
I

:, .1.

rTr
{ll

I
i;l:I
t:t;t
:r:I

li
r;
r.1

ll
l.t'
I'r'

24,000 23r 000 23, OOOlota]. discharge

f rncludes 51000
southeast boundarY of

acre-feet Per yea! that rnay originate outside the
the basin.

I
I
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The ground-wqter bud,get, simulated f95 qrlgdeveloPrnent conditions
indicates that. b;i;i. a.o"fopment about 23'-OOO acre-it of water iecharged
tf,J aquif"" sy"i"*-annua11y itaUfe fg). Of this totaLt about 97 percent
origiiiated as-pi""ipit.tioi on the study arei and infilt,rated either
dir6ctly or rh;;;;fr'lireamUeas. the reinai+ing 3 pergent entered the model
aie. as-underflow across the model boundaries-frorn the west and southwest'.
itipoir"""pii.iio" accounted for 56 percent of the sirnulated annual-
af"-"tt.igt lnd 3q Percent was disclrarged-annP.ll{ bV subsglface outflow to
the east across t'he rnodeL boundariesl sirnul-ated evapotranspiration for
predeveloPment conditions, abodt 15r000 acre-ft/yr7 is-15 Percent gleater
than the rate estimated f,or predeveiopment conditions from phreatoPhYEe
distribution Uaiea on Landsal imagery (p1. 4 and tabl'e 15) - At the Ytestern
and, southwestern-boundariesr infl6w was- 4 percent less and outflow was 4

percent greater than in the calibrated rnodel; infLow was within 6 percel! of
.outflow. These i""tfiJ irnply t'hat 1988 withdrawals have had only a small
effect on subsurface outfl-ow-across the eastern boundaries and'on subsurface
infl-ow across the western and southwestern boundaries. The tesults of the
tr-aevetopment simulation appeart,o be satisfactory'and, therefore, suPport
tne "ss,nnitions 

and estimatLs on wtrich the calibrated model is based.

The ground-water budget sirnulated for 15r000 acre-f1/yt of development-
(tab1e fgi inaicates that gubsurface outflow acros's the eastern boundaries
would decrease UV-iUo"t 4rOOO icre-ft/yr (60 Percent) compared to simulated
lggg cond,itions. Inflow across parts -ot ttte western-southwestern boundaries
woul-d increase by about 80 acre-it/yr (14 percent) and outfloet across other
palts of this bo-undary would decrease by about 1?0 acre-fE/yr (29 Percent).
frEi-cft""ge i" iioon is-a 230 acre-f,t/yr increase across the'western boundary
of the flow-rnodel area. The rate of evapotranspiration from ground water
would decrease by about 6'400 acre-ft/yr (58 Prcent) '

The sLrnulated ground-lrater budgets indicate that effects of present
(1988) development 6ave had prirnarily 1ocal effects on water leveLs and
imalf'effects on tne ground--water f16w system. .They also indicate that the
'aguifer system could tupport ground-watei withdrawalg at a steady annual
raite of f-STOOO acre-f,t, but eifects on water levelst ground-water
E"ipoii."ifiration by native vegetation, and subsurface outflovt would be
extensive

I
'*

"l
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sUlfr{AiY

Honey Lake Valley J.s a northwest-trendil9 basin on the border bet,ween

northwest Nevada and iortheast Calif,ornia. Ii is at the Junction of tbree
il;;-ifi;;puic-pionincJi itne sierra Nevada, the BasLn and Range ProvinceT
i"i ttr6 u-odoc ptateiu) and tras hydrologic iharacterLstics of each of these
settings.

Majot geologic units in the area are basin-f,ill dePositsr fractured
volcanic rocksr 

-ile 
;;;it,tc uearocr<. Unconsolidat,ed bisin-fill deposit's

iiE-""te.iia ol tayeis of gravel, sand, silt, and clay, and.include some

r.ieii be pyroctasiic-vorcinic rniteriai that, was dePosited I'n shallow Ytater'
ifr6-center 6t tne basin contains fine-graJ.ned lake deposits,' these are
surroundea Uy c-iriei grafned, alluvial fan and nearshore deposigs. Most

;;;;a-;;ier- aeoeiop*eit nas ueEn in trre coarser deposits- t,o t'he south and
iest of Honey Lake. In the northern and eastern-parts of, the study-area,
f ractured .1rofcanlc - 

rocks are i-rnSrortant goulces of- ground water. Volcanic
;;;E-f;-the vi;;infa-uountains- to'the southeaet aie a principaL aquif,er

""i"-riJrt-springi 
Ranch. Younger volcairic-rocks to the north generally are

ie"" p"=r.aLle, -"*cept ii wi115w Creek VaIleyT wlere high-yield wells have
Uee" bereloped. -ift"'U"Jin is underlain by relatively impermeable granitic
bedrock that crops out in the southwestern and gouthern Parts of, the study
area butT as a "Lsnlt of, faulting, is greater than 5t000 f,t beloet land
surf,ace in'the northeast

Total ground-water recharge to the study area, estjJnat,ed f,rom direct
intifiriiioi-of precipitation, -strdamflow' and excess irrigation from
gurface water' ii aUoirt l2QrObO acre-ft. Ground-water reehargel excluding
ihat, from infiltration of streamf,low from the Susan River and Long.Valley
CieJfr-fj estisrated, co be about'95rOOO acre-f,t/yl 9V the.Maxey-Eakin 1e!!todr
which j.s based on ernpirical precipitaeion-altitude-relations.. Maxey-Eakin
t""tt.tq., adjust,ed for infillration of rrat,et from the Susan River and Long
t;ii;y-&""i] ir eEtimated as 1201000 acie-fE/yr.. Results of a ground-water
flow itodel oi ttre eastern part of the study area indicate that both methods
*ight unaerest:rnate ground--water recharge in the southeast,ern -part of the
baiin, and that annuil recharge may be as much as 51000 acre-ft glreater.
Some or'alI of the additional recharge may be supplied by greater
infittration of, precipJ.tation than eieirnated 9! by subsu!f,ace inflow,' the
;;f;f; oi tfris witer. -was not determined. Infilcration of irrigatJ.on etater
witf,d.rawn from wells provides an estimated additional 11r 000 acre-ft of
recharg:e per year, toi a total recharge of more t,han L30r000 acre-fE/yr.

At equilibrium, ground-water discharge.eguali ground-water recharge and
st,orage doles'not change. Of ground water discharged f,rom the study arear an
EJiGiiea 85, O0O ac"e'-ft/yr i5 discharged by evapotranspiration from soil
and native veget,ation, an estimated 53r000 acre-ft/yr is withdrawn f,rom
wells and. some water may flow out of the basin through fractured volcanic
rocks to Smoke Creek Desert and Pyramid Lake Valley.

The ground.-water flow nodeJ. represents an area of 452 rrriz in the
eastern pirt of the study area and iimul,ates the system.at equilibriumr with
about 5r-9oo acre-ft of wlter withdrawn annuarly for irrigation (equivarent
to 1988'withdrawal,s) . Mean annual recharge for the model, including
iirigation retutn flow, is about 24.000 acre-ft. Inflow is in approximate
balaice with out,fJow across the general-head boundary at the western edge of
t,he modeLed area. Subsurface outflow of 61800 acre-ft discharges acrogs the'
g:eneral-head boundary at the eastern edge.
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' io. si$ulate natural. (predevelopment) condit,ionsr a model of the same
area without j.rrLgation.withdrawals or return flowb wa3 analyzed. The
results indicale ihat before developm€nt, water levefs were about 25 ft'
higher in the Fish Springs Ranch arear 41 000 acre-ft more i,tater was
diicharged by evapotlanspiratLon frorn native vegetat,ion in tlre Fish Springs
Ranch aiea, ln aAaitional 200 acre-ft of water was discharged by subsurface
outf,loer to the east annually, and simulated net.flow eastward across the
Stat,e line was about 220 acxe-fL/yx J.ess7 in comparison with simulat€d
current (1988) conditions. with Lhe exception of these differencesr which
are rnost apparent in the areas most heavily pumped in 1988, the simulated
predeveloprnent condit,ions were si:nilar to the 1988 conditions.

As an example of potential future developmentr the model was used to
simulate a ground-water withdrawal rate of 15' 000 acre-ft./yr and no return

. flow of irrlgatlon water. No at,tempt was rnade to oPtinize the numbert'location, or pumping rates of the hlpothetical wells. The Sesults indicate
thatT if the assurnpt!.ons on which the model is based are correctr. the gYlten
would eventually reach a nele equilibrium condition in which htater levels
would decline about 100 ft in the vicinity of the punped weIls, and as much
as 40 ft at the California-Nevada State line (compared to 1988 water
levels) . 'In addition, net subsu:iface inflow across the nestern boundary
would increase by about. 230 acre-fE/yxr net flow elastward across the StaEe
line would increase by about 1r600 acxe-fE/yr, evapotranspiration by native
vegetatJ.on woufd decrease by about 10r000 acre-fE/yr, and subsurface outflow
acioss the eastern boundary-wou1d decrease by about 4r.000 aere-fE/yx.

The theoretical maximum volume of water that can be withdrawn from the
aquifer system on a sustained basis and eventually result in a new
eguilibrium is lfuaited by the amount of naturally occurring discharge.that
cdn be captured by pumping, plus any additional rechargte that can be induced
as a result of pumping. In Honey Lake Valleyr most perennial streans'are
far from the proposed purnping areas so that the Limit 1 for practical
.purposes, would be restricted.to the amount of natural discharge that could
"be captured by pumping. Withdrawals night be further constrained because
yield-s ot agr:itLrs- cornposed of fine-grained lakebdd sedfudents may be too low
for sustained withdrawals at the maximurn rate. The volume of ground watet
stored in fractured rocks may be smaII, so that pumping would cause
unacceptable drawdowns in some Parts of the basj.n.
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