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INIRODUCTTON

In Jarnrarlz Lg82t tlre rrer.fly fornred Wastroe Ocunty Sanitation Division
(renarned the Iltility Division) besdn data collection of ttre water
resources in the Sqrth Ifud<ee I'Fadctrrs (see Figre 1). Ihe strdies were
r:rdedaken to better gantify tlre water rescnrrces arrailable to present q1d
flrtu:e developnerrt withir this hlzrLologic basix. I:ritially, the shrdies
errtaiLed a waten well smrey ard tlre ronitorirgr of streans wittr gagirg
stations. Trr tlre last nine years. since tlat tine, fcnr sJat€r cctrparlies
are nc'qr cnmed ttrr wastroe CIcrrnty ard operated by the ftiliW Division. one
se\^tage treaEnerrt facility i-s abor$ to be replaced Lryr a nan, oparCaffe
plant. Sexren nunicilnl wate wells have been hrilt ty tlre Oounty hr:ittr
tcrtal contrrol of 24 prrduction wells ard eleven stor:age tarik reservoi-r:s.
Forteen obsenration wells have also been consbn:.cEed. In ttre near
futur:e, the Ocn-mQr will be consku.ctiry a srrface water keatrnent plarrt
r^rhich vdll ilclude grcurd water injecfion weIIs. Oor:sequently, tlre
collection of data has gnrcnarn sr:bstantially.

Oonsiderable work has been done irt the Scnrttr Tludcee llbadcrus Lry a varietlr
of professiorals. For ercanple, scientists frcsrr the USGS have studied the
Steamboat Sprixgs Geothennal System ard have prbU.sfred several reporEg
bent on p.n:e science. l'barnrsfrile, geotlremal pcnrer oplor:ation ard
develcfirnerrt has produced a larrge bodlr of work delineating tlre geottrennal
resenroir. Ihis region has'been the sfuct}r area for fcnr }lasten's thesis
that have addressed Steanboat Qteek, ttre geottrenral slrstan, geologic
faultirg on the l,It. Rose Pedi:rent, ard the overall hldrogeological
qlstal Housing derrelopers have ccrrb:acted. serreral- studies on tlre
hlnirology ard tlre h1d:ogeology--of-.the-Doub1e..Dianord Ranctr-^.Ottrer
developers have prov:ided:5rtrormtrlcn":ttrrorgh:ttre;dril@.iof$ -=j=.i--=!-L:*--::
water wells for subdivj-sions.. jThe.-Desert,-Researctr.Institute ccqileted-a-----
precipitation sfuS/ for tlre TtucJ<ee River &:ainage area. lltre lJtilitlr
Division work bas inc1rded a geoFfr)Eical shrdy, a grond rrraten undellirg
sb-ld1r, geologric sbrdies, a gamd water obsenration well network, dritling
ard testirg of wel1s, ard drsrLical analleis of ttre grcund ard su:face
waters.

nds repo*, attanpts to trirg togettrer all lclcnln hlnlrogeologic data of ttre
Sotth Itr-rdcee llbadcns. Ilcsn this trilk of iffonnation, a secord gro:nd
ruater runerical nodel ${lI be developed in order to better urderstard ttre
conplocity of tlre ga:omd vate s/stsn ard to assist jn tlre nranaganent of
ttre rraten rescnrrces. Uds report. also identifies fuhre studies tlat
should be urdeu{aken as well as to cer{ajn specufation of t}re hldro-
geotogy. Oonsequerrtlyi t rcuId rather thirrk of tJ:is report as a
ccrpilation rrotebool< ard a guidebool< tcnnrds futr-u:e shldies.
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Gmrrgr

Reqional C'eolocryr

the regioral geology is par{, of the Basin ard Rar-rte P::orince of ttre Norttr
Anrerican brdilleran. ftre najor feabres of ttre region are the result of
tlre Sier:r:a Nevada Batholittr wbich is parE, of tlre Basjn ard Rarge Cenozoic
Block Faultirg ttrat continues jnto recent, tfues. this cenozoic rplift is
tlre result of high-argrle, normal faultirgr probably due to najor
o<tensiona]. forces. Volurrus ter{,iar1z volcanics are also trnrt of ttre
gnross geology. The regrional geology is well desai-bed hy Ihcnpson ard
V0hite in their U.S.G.S. P.P. 458.

Q:etaceors gn:anitics have been tplifted dtrirg tlre Oenozoic E:a as a
result of blocl< faultirg. Developed frcsn tlds are basins between the
Carson ard Virrginia Rarges, both parb of tlre Sierr:a Nevada Batlrolith.
Te*iar1r volcanics (AIta ard l(ate Peak ForrnatS-ons) hanre covered npst of
ttre area of the Tfud<ee ltleadcnls ard probably wene derived frcsn nnnerous
vents jn ard at tlre marrEins of bottr nrcnrntain ranges. The volcanics are
rostly ardesitic in dar^acter, hcnever, basafts ard rhyolites are fcurd.

ConcurenL $tth ttre oenozoic r.pliftfug ard'volcanisn are episodes of
erosion ard deposition of sedinents derived. frcm tlre volcanics ard. -' : ' '" '

g:anitics. l[rcsrpson ard vlhite give evidenoe ard d.i-scuss several
peateuts, prtiorlarly on ttre east flarks of tlre Car:son Rargre. A rnique
stnrctrre of the region is the Steamboat Hitls ard the Steamboat Sprirys
Geotlrerrnal Area. trre Steanboat, Hills are also tplifted, fauIted, gan-itic
ard cverlain w:ith volcanics (basalt to rhyolite). lttrese hills are the
site of a geotherrnal a:sdnrge area--thought*to..be -one.mlllion yeans in age

.pVfdte, 
et a1, 1964)^h:ir$resd.slirings-tlre Stsillactsi:re.today::el'--:.1.;15:''.'E: --ur-ri:*-

D.ring the Qraterr:artr, Ule Sierr:a Nevadas oq:erienced several episodes of
glaciation. As a resr.rlt, glacial deposits occur in tlre Tluclcee lvtreadcrus
from the Donner l-alce ard Tahoe Ortvnsh as uell as the Pe-I-ake Iahontan
ard Trucsee Lake deposits. Today's strr:cfure i.s tnat of the Car^son ard
vi:rginia Rarges with elorgated basirs betlreen ttrsn. Allrrrnial fans ard
peA:nents fo:m betveen ttre nountain fronts ard the bajada ard rralley floor
deposits.

I-oca1 Faultjlg

Referirg to Plate 1 (ceologic l{ap), sctensive fau.ltirg tras occrred irr the
shrdy area due to largre scale regriornl e><terrsiornl forces associated rrJ:ith
tlre Basin ard Rarge P:ovince (Ihcurpson ard l{hite, 1964). Ifiese farrlts
predcnnirately trerd nortb.-santh ard are pnesently active (Corr:lova, 1969).
Sever-a1 scarpl.et E:alens have been formed,, nost ncrtably in Section 30
(T.18N.rR.208.). Accordirg to Oordcnra, a;proxinately 60? of tlre scarps in
the studlz area are reverse scarplets. oondcnra pl.cposes that narlz of t]re
scarplets are aclually secordary feabres &.re to E:avity r^attrer than
tectonic activitlz. To illus:h:ate this, Oodoya proposes rrci1bert's Iheory
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of Fault Scarys in Allurrirmrtf a,s a rlEctrani-sn that has resulted in the
nunsrcus scarplets h t}re sie.rdy area. Figt-u:e 2 trrreserrts fcnr d:awings of
Gilbeltts Ifreory. The |tsirple fault scarprr illusb:ates ttre block fault
nrnrsrent to tlrarigrt, (vertical finbs) wittr a portion of ttre allurziun
(horizontal lines) sfippirg to ttre }efE,. Ihe result is a fault scarp as
depicted. llhe otlrer ttrree figu:es are elaborations of tlre sinple fault
scar?.

It has not been venified at this tine as to rfiettrer on not east-+tresE
faultirgr e>ci-sts irr the V{hites ard Ihcnras cr:eel< e:ainages. North-south
faulting does atrpear to catrrbre tlrese strearns in sections 25 (Ihcrnas) ard
30 fi[fLites). AIso, ncre work needs to be done to venify utret]rer or not
norttr-sorttr faultirg occul's nelrr U.S. 395 (i.e. alca:g tJle acis of ttre
basin).

Pedfunent

Cooke ard Wa:ren (19>x) descibe a pedinent as rra ccnplex zurface
conprisirg lntctres of bedrod< ard allrvirln, irt places capped try weatherilg
ard soil profiles, gmctntea by insellcerr's, ard scored b1r a netvork of
drailage channels.rr tlrls is jldicative of an enosional ernzirorunerrt. A
peatpnt rnay also consi-st entirely of bedrocl< wittr a Urin verreer of
alhrvirmr- slcpirg away fron a nrnrrtain'front ard tcnrards an area of bajada - . ':
deposits. @rveusely, an allrnrial fan is nade q) entirely of sedirents,
is an area of de4osition tbat gn:ades fircrn coa::se to fixe E:ainea away fr:cnt
ttre carryron ruilrttt, ard tfridsresses of alhnriuu are gn:eatest at ttre rna.tths
of canyons, dirninishing ar^lay frcm the carryron'

Ttrcnpson ard !{hite. (1964) discrssed this area as a pedfurerrt. -'Ivtrore -. .

precisely, it is a pedfurmE.overlain w-ittr''a.ttr-id<'alluvia1 veneer.j::: :.r-.--:-..!'J.::
'EVidence fitcun geologic-.:rnaps--(Ihcrpson -ard l^nliter" 1964;::Boriham-brd Rogdrsl T--,.- , ,----i-: ; -

1983) ard r.lell dritler logrs irdicate ttre l(ate Peak Fonnation ard otlrer
'volcanics (Alta?) urderlie t}re studlz area ard are volumrcnrsly eposed at
Ure nrargfns of the area. Drill logs irdicate or strcnr that the slope of
ttre volcanics is nearly constant with tcpoEa,phy - that, is tlre alluvitun
is of nearly constant thid<ness on the peAircrt. Drill logs ard
inspection also irdicate the al.luriun as beirg poorly sorted throu*rort
ttre stsu{r area, at least to a change in slcpe near U.S. 395.

A]-lrlria1 Deposits

Most driller's logs for the pedfuent area were drilled to depths of
2oO-3Oo feet for donestic rdeIIs. Nearly al,l logs irdicate poorly softed
g:anitic ard volcanic sedfuents. Good litlrologric desaiptions are given
jn several sections. All logs in tlre sv pedfuent area irdicate sedfuents
greater than 300 feet thid<. Ihe usGS Qlen FiIe Report 84-433 suggests
allr:rrial deposits 600 - 800 feet t}rid< just scnfir of the I{1. Rose ttidxuay
(sections 34, 35 ard 3) based on gn:avity sb:dies ard tlat the deposits
tlrin tgwards ttre norrtain front ard Steamboat Hills. Dri11 logrs ard
resistivitlz data irdicate tlre alluvial veneer to be 500 - 700 .feet. thid<
ttrroughort nost of the peO:rcrt west of ttre Steamboat Ditch.



I

Io
F

ll
I

o-
UJ
F
u,
J
,
a
F
oz
o
J
I

I
UJz
o
N
llloz
ut
o
o
l0

a
f

j

I

T

I

I
I
I

I
I
T

I
I

FIGURE 2 DRAWTNGS OF .GILBERT,S THEORY OF FAULTSCARP IN ALLUVIUM'
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Geologic Coss SectionF

For geologic <rrcss sections for tlre peatent are strcnrn in plate 2 - 3.
Or Plate 3 is a rnap strodrg the locations'of ttre qross sections. .LIso
strcnn on ttre rErp are tlre locations of test holes ard rn:nicitrn1 wells t*res:e
significarrt hydrogeologric inforrnation e:dsts. nris information includes
accurate litlrologic interpretation, geopfrysical logrs, weII construction
ard/or pr:rrpirg tests. lftre eoss sections are based on ttris data.

Coss section A-A' is an west-east scfrsnatic frrcsn the @> of t]:e pedi:rerrt
to ttre valley floor. A urcnntain fi:ont fault is nalped ard an infered dip
is depicted. llhe ipity Iane Farflt is napped jn ttre Steanboat lfiffsjn section 35 ard is inferred to e><Eend nottlmnrd thrangh the western half
of section 25 ard beyord. llhe gtl"GID we1ls 5 ard 6 are on oS4losite sides
of this fault. It atrpear:s that this fault i$ribits gromdvnter rurvsnent
as ttre piezcnreEic head is mrctr hi$rer on ttre r.rest side of ttre fault. A
pupirg test, cordr:.cted on tlre SIIVIGID #6 jrdicated ttrat an inperneabJ-e
founOarT rrns readred, inferred to be this fault. Additional enridence of
this fault is tlat, a snaIl grcurdr^rater aiscnarye area e>cists in !{ldtes
eeel< in section 25 west, of ttre fault tr:ace. Ihis fault is considered
tectonic in rrabre ard not ttre result of g:avitlr as ttre fault i.s tr:aceable
in ttre Steamboat Hills.

Itris consequence of far.rltilg also occr:rs at tlre'I-anoers Fau1t in section-:;
l-9. Ihe piezcuretric level offset is not so atrparent, on the qross
secAion. It can be seen frcsn t}te qross section ttrat, a tectonic a=ben has
been fonred irr ttre l{dtes cn:eel< a:ainage in section 19. The volcanics are
mudr hi$ren jn elerration jn l{onitor Wells 3 ard 4 than ccrparea to S'II'GID
W#3. Othenrise, tlre rrolcanics lucnrld be di.splaced hi$rer on ttre r-qIfdII
side of tlre l-ancers..Fault relative.to PI^13. nr,section 2L, on tlre rralley .

- floor, a Phillips Petroleu[ Stratig:apfric test-hole 'was &ilIed 2000,feet
into alternatirg lenses of:ga:aveI; sardr- clay ard volcanics. acccn:afu,g tor'-.:-
the 1ogr. tlre volcanics were never ttr:idcer than 20 feet. Tfris rnay lend
sr4port. to a nortlr-sorth kendiry fault offsettingr tne pedfuent frcun the
valley fill deposits. It is assuned that the pea*nt'volcanics are on
ttre order of hr:nfr:eds of feet ttdck.

eoss section B-Bt b:averses the pedinerrt peryediqrlar to ttre
topoE=fny. At ttre sorttrwest erd the Winbrn Well irdicates allurial
thiclcesses of at 1easE, 480 feet at the nrcrxtain front. A nearblr well of
240 feet has a piezorefic head of atrproximately 14 feet above lard
srface. Or ttre dc'$rtdIl side of the }lountain rlont faflt the static is
approximately 160 feet belcr lard sr.u:face. At tlre SII"GID Mtil#l an al}:via1
thidsress of 6oo fe€t, is enccnntened before volcanic bedrocJ<. F]:cm the
littrologric log tlre allrnrial ga:ai:: size dimini.slres in size w:ittr depth ard
ttrat csnelrted sards ard gn:arels cnrerlie tlre volcanics. At ttre Piccolo
Well nixed alluritm is enccuntered for 400 feet wittr clay ino:easirg wittr
depEh. Ihe Double Diancrd I,$e11 #1 was drilled to a depth of 190 feet.
Volcanics were enccn:ntered at a detrrttr of 150 feet. Ihe alltlritun was rnixed
from clay to bcn:lders. The volcanics atrpeared to be ardesitic, reddistr
pr-rpIe jn color. :Ihis sane atr4lroxirnate desaitrrtion also was ncrted in
SII4GID tesE, holes that encontered volcanics or c1ale bferred to cnrerlis ;...,. ..
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ttre volcanics. Firally, tlre Sorth $rrdcee lvtreadcms Waste Water Ileabnent
Plarrt weU (SIMllfIP) was drilled 250 feet, encdrnterjrg 70 feet of nixed
sard ard clay lenses ard then li*rt. blue/grqg ardesite.

Qross section C{t tr:averses fr.cnr tlre Steamboat lfiUs nort}r to ttre Nort}r
$ruckee ltbadcnp. Phillips Petroler.un Sb:atig::aphic Test Ho1es 14 ard 5
were bottr eiUed ap5ta:drrately 2000 feet ard enccuntered gn:anitics
(E:anoaiorite ?) at 80 ard 370 feet, respectively belcntr r-rndiffenentiated
allrnriun. SII1GID PW#3 ard I'fi#4 have been discussed in section A-A' ard in
ttris section illustmte a different pertpec*,ive. What is signiJicarrt is
ttre volcanic offset due to faultjrg (?). Ihe site at PW#l has a sirnilar

littrolo$r as at PW#3 ard is infesed to be in the gl:aben depicted jn eoss
secAion A-A'. llhe Holccmb test hole drilled by SPPCo enco:ntered l-enses
of c1ale with xrd-:<ed sards ard gravels to a depttr of 336 feet. At ttrejr
Ituffaker site the sarc Qpe of litlrology was enccn:ntered to a depEtr of 345
feet.

Goss section D-Dt tr:averses frcfir the Dlr O:eek d::ainage sortheast to tlre
Steamboat Hilfs. At tlre Dry Aieek d::airrage tlre llunter eeek sequence of
ttre ItucJcee Forrnation is napped. Fie1d inspection strows csnented
silt/cIay lenses dippjrtg at 40 degrees ard sbrilcirg rrorth. It is not
]<rrcn,n hol.r far,tfl.is fenratiqr octerds to tlre scuth. As di-scussed earlier,
the SllGID P!^I#S site enccuntened relatively u:dlfferentiated allrryial'.I -, ;,..'*;;'--:''-
deposits to a deprth of 690'feet. At SIIVGID WI#4, well &illers logs are
confiEirg. Tvto wells elci-st. tre fi-::st hole was drilled b1z Walzne driUjry
to a detrrttr of 325 feet, cased then drilled to 525 feet, tJ:en redrilled to
812 feet tDZ sier:l:a nlrp ard DrillirEr. It is assmed tlren, ttrat only 325
feet are cased ard that the hole collapsed belonr tfris point. Ihe well has
not been sanrded as a 1rrup e>d.sts in t]re well.": lfho cased portion is also
assr-uned. to be consEr-lsEed in a11urir.un."'-:A piezcsrekic sr.rface is at 2OO .-.:-;:.- .:
feet belcw lard sr-nface:.--Iater in fgg$ Par-:l lfillians drilled ' "'::l-:.: :::; ';:.;.1:--:.-
approxirnately 30 feet adjacerrt to this first well ard ccnpleted a
production well to a depth of 831 feet. It is difficult to rely on his
littrologic interpretation, tut it is atrrparent tlrat ttre well's production
zone is in had rock. fhe p.urpiry of this well does ncrt, affect tlre static
leve1 jn tlre adjacent wel1. Ihe piezcnneEic level in tJre production well
is 500 feet. Because of tlre.wellts location nel<t, to ttre l-ancers l0:ob
(volcanics), it's possiJrle that ttre lithologBr tras alhnrir.un overlyirgr
volcanics r.Jfrich overlie garanitics as depicted. S:lf,at HoIe #5 has alhrviun
overlyirg g:arritics at 370 feet.

Vall-ev Floor

Ilre Souttr Ttudcee l€adcnps rralley floor is atrpr:orci:nately 10 square rniles jn
area. Ihcnnas ard l{hits <r:eeks are tiJrutarlz to Steamboat Oieel< !'hicfr
flours scnAh to norttr in this gnrcnmd water discharge area. Allrrv:ial
deposits are retrffied to be in excess of 1900 feet as reported try Ptrillips
Sb:at Hole 1 (L966 feet) in section 21 ard by a Dorble Dianord test hole
(L77O feet) drilled in section 16, both in ffeN R208. While beirg a
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disctrarge area for grcnxd water nrldrg off tlre Ca::son Rarge, it is also a
discf:arge area for diso:ete geottrerrnal waters associated with ttre
Steamboat syst€ln (Batsnan ard Sctreibadr, L975). See figrure 3.

Iluffaken Hills

Itrese hilLs are o<tensions of tlre Virginia Rargp ard generally trerd S'W -
1{E ard tceoga$*aUy sepemte the Notth ard Scuth I)iud(ee litreadcrus. Ihey
appear to extend scnrttmestr,uard nerirly tb the Ca::son Range or to secaion
12, T19N R2OE. It is thotslt that ttris otrension fortrs a gn:orrd uaten
divide so tlrat litt1e gcnmd uater rcvsnent occul's frcm scnrth to north.

Stearnboat Hills
Itre geology of the Steamboat Hills has been well dessibed tryr Ihcnpson ard
I{dtel (D64). Sjxce that date several geotherrnal e>ploration ccnpanies
have drilted test holes j:r ard arcund ttris area. Figru:e 4 i-s a rnap of
ttrese test hole locations. Also strcnrn are production ard injection wells
of two geottrerrnal cperations. Plate 5 strcrus cross sections of tJle
Steamboat ltills.

e:oss section E-Et tr:ends'SlV-NE tfrrcusr tlre Stealr0coat lfi[s.. An allurial"-;- '--ill i-
fan smrrinates fircsn the Galena d:ainage on ttre east side of tlre Carson
Range. Ihis allrrrrial fan is believed to be on ttre orden of 300 to 500
feet thicJ<. fnurediately east of Galena O:eel<, strcnrn on the cross section,
s:tnat HoIe 12 was drilled to a depttr of atr4xoximately 1800 feet. It
peneb:ated atrproximately 700 feet of volcanics, 500 feet of tuffs ard"500.-feet of netarnorafroseA seA:nents ard.votcanics. "'Strat Hole I was hri[ed- ,''
nearly 2000 feet into-,atr4xo>cirately:.100 fgE:of -brffg ard btff hn:eccia,-...". :.'. '. '',: -.

nearly 300 feet of sard ard gn:aveI ard then 1600 feet of qr:arbzite aid--;.' ;.":,::.'-:,.,"'.
nretarorafrosea sedinents. l0re boreholes fuftr.er east pnedcnnirrately drilled
into g:anoifiorite. Otnricqrsly, faultilg has offset ttre volcanics, tlre
retarcrphosed rocJ<s, ard tlre ga:anodiorite frcrn eadr otber given tlre close
proxirnities. Detailed irrrrestigations of this area are arrailable frcnrr the
USGS Piofessicnal Fapers 458A - C.

ThJ-s eoss section strcms tlre geottrennal ard injecAion wells of tlre
Yankee€aittrress pnrcject. trose wells are ttre 2L-5, 28-32 (production)
and tlre Col< (injedion). Ihe geottrerrnal wate^s are located. il ttre
f::actrres of ttre ganodiorite.

TVlo geottrerrnat cdreanies are cr.urently generatilg por,rer frcnr geottrennal
processes. Tfrese area ttre Yankee-Caithness ard ttre ORI,IAS operations.
ORIvffI's operation is located to ttre rrorth easE, of Yarftee-Caitlness. Ihese
ccneanies harp detemined that t}re tvo production zones are seperate ard
distifft fircsn one anottrer. ORttBSts pnodrction zones are also in
gn=nodiorite

11
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AREAS OF KNOWN THERMAL GROUND-WATER OCCURANCE
IN THE TRUCKEE MEADOWS
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kecipitation

P::ecipitation in tlre [tucJcee River d:ainage qtstsn tras been srveyed ty
ttre Desert Researctr Institilte frcxn 1979 to present. Ihe retrnrt
(I(lieforth, 1983), $ft:ich evolved frcsn the strdy, plovides an occellent
recond (1966 to 1983) of precipitation for this sh!*y area. Figrure 5 is
an isctrelnatal rnap of the sturtlr area. Stream flcnr on the pedfuent, is
derived frcsn tbe Car:son Rarge lfiere precipitation I=rgres frcrn 60 inctres to .

20 inctres. Ihis range of 'values is frcm $,est, to east respecEively.
Pr:ecipitation contjnues to deaease eastqnnafy to 10 indres in tJle rralley
and virgjrLia Range. Sncrurfall ansrrts to 80? of tlre p:ecipitation in tie
Carson Range, 408 at the nrn:rrtajn front ard 16? in ttre valley. At ttre
hi*rer elevatiolrs sroqrfall occul's october tlrcnrgtr April. Ilris sane period
accornts for 808 of the total precipitation anrnrally. Sururpr precip-
itation r:sually occurs as a result of thurderstorm actriwitlr. Slrcn4nd<s
generally begin accunulatjry i:r october ard Nonrember ard lirger tlrou$t
l"Iay ard Jure. Depths of accunulation rra4r according to elerration ard
range frcan 5 tD 25 jnctres at tJ:e npuntajn front to in e>(cess of 100
i:rctres above 9,000 feet elerration.

Sbeam flcru

The Mcnrrt Rose Pedinent contajns tv*o perennial creeJcs, Ttrcanas ard Wfdtes.
Bottr headv,nte's are situated east ard nortlreast of llft. Rose well above the
sfudy area. Ihe dr-airnge areas for llhcrnas ard !{ldtes abcnre ttre nrcn:rrtain
front are atrproximately seven ard ei$rt square nilesr- respectively. =-" 't:.; - - --- -'^
Before i:rigational pn:actices prerail-edr'::both-strems confluenoed. with' -. .... -* r'- .:,:
Steamboat A:eel< at.the-rralley-f1oor. - Stearrboat Aiee]< srinates'ficsn Washoe;':j.-,;;- l1';, ir
Iake in Wastroe Va1ley to tfie south. It flows nortl:vmid ard is confluenced.
wittr Galena ard kcrns cr:eeks in Pleasant Valley ard finally confluences
with ttre lDrrd<ee River near Vi.sta. See fignre 6.

Wdtes Qreel<ts drannel fras been alte!:ed t1z nan in section 30 atrproxi:nately
2/3 datn its reactr of tlre peA:nerA. It has been altered. to fotr b:anches
for i-rrigational prryoses. Oonsequently, its ftill flcn'r does nct, alwa1e
readr Steanboat eeek.

Ttre disctrarrge record. of Itrcrnas ard l{|rites O:eel<s is poor. Ihe U.S.G.S.
naintained a constant recording station on Wtrites Oteek frcm 1962 until it
ruas destrqged fy flash floodirg in 1967. Wastroe Octllrty beqdn [onitoriry
flcntrs on Itrcsnas ard lflrites in 1982 to present. Based on ttrese recorrts b1z

tlre U.S.G.S., Waslroe Cctlrty, ard synthetic sbeam flcm arnlysis done t1r
Ilydro-Searctr, Trrc in tSaO, tlre average anrnral flcnv of trcsnas ard l^lhit€s
are 3800 AF ard 6400 AF, respecEively.
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Idajor ditctres in ttre shrdy area include SEearnboat, I-ast Cttance ard l-ake
(see figrre 6). AII three ditctres derive their flcnp frcslt the Iltrclcee
River. Steamboat Ditdr tenrdJrates into Steanboat eeel<, Last ftance
terminates at Whites Areel< ard Lake at Tficsnas Oieel<. Ihree urajor ditctres
e>.ist in the neadcnls area. A:ane ard Chardfen take l.later cnrt of Steanboat
G.eel< at Stearnboat Sprirgs ard Aloarden Ditch tr:anspol'ts Alo<arder Lake
water frcnn tfie Scuth Ituffal<er HiIIs to the east of t}re hills. Atexarder
I-akets scnrrce is [hcsnas A3ee]<. llbble 1 lists tlre flcnp for t]re ditches
durirg 1982 ard 1983.

SBLE 1
srM Drtcfl wcn L9821L983

DITCTT

Cbardten
Steamboat
Alarp
Iast Grance
I-ake

1982 (AF)

2,9OO
4r3oo
3r400
3,2OO
1r800

3r800
5r400
6,2OO
3r300
1r900

Annual flornls for all streans ard ditches for ttre Softh TttrcJ<ee lleadcns are
slrcnrn in table 2 f:or 1983 i-rr tellrrs of inflcry ard cnrtflcry

TABLE 2
ST]REACE IWTER BAT,ANCE TOR 1983

INFTIW

llhcnnas Oreek
I,nxits Oieek
Steamboat O:eek
Steanboat Ditch
Iast 6ance Ditch
Inke Ditch

OT}IFIOW

Steanboat O:eel<
Alocarden Ditdr

(ep)

6r4OO
10r600
83r400
5r400
11500
1,900

109r200

(AF)

103r800
16.800

120r 600

An jmbalance of 111400 AF results in cnrtflotv. this is jnfered to be
predordnately gomd water aischarge to Steamboat Aieel<. One ctred< on
tlis is to loct< at strearn ffcff drrirgr the non-i-rrigational time of
Decernber L982. ltbbLe 3 4i-splalls sEeam flcnv anrourts.
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TABLE 3
STREAM FTOW DURI}G DKEMBM. 1982

INFTTff

Ihonas A:eel<
V[hites eeek
Steanboat A:eel<

OI'IFTTI{

Alo<arder Ditcfi
Steanboat oieek

(AF)

330
420

5.930
7,7OO

(AF)

t,620
7.650
9,27O

- An outflcm irnbalance of 1,570 AF results. Ihen considerirg neastrsnent,
effors, gro:rd wate aischarge to Steamboat was probably 1,400 to 1,600
AF dlrirg this period. th.is does not consider rrainfall &rirgr Uris
period. (Note. Search the recond for a dry ronth ard witicut, i:rigation
to better docunent the grourd rrnte aischarge to Steamboat.)
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Irzigation P::actices

Sjnce L984, ditch flcny has been deseased significantly by the Federal
Waterrnaster. OonsequenLty, irzigation atrplication r:ates have been redtrced
ard ce*ain fields rrdried rprr. Figrure 7 strcns i:rigation areas as of
L984.

Accoding to aritjens, et. aI. (Lg78), it is estlnated that 1 ao:e foorE,
per aqre of flood i:rigation water infilb:ates to the vlaten tab1e. this
figrr:re varies widely because of soil corditions ard atrplication ::ates.
For ttre lxrposes of corgrter npdeUirtg, tlre 1 AF/A figttre was used.
Hcnrever, since L984, tlre Federal Watennaster has significantly reduced
ditch flcnrus to ruere ae:rately reflect decr:eed rights ard curent needs.
Also, to date, flcms harrc been cxntailed due to Arou$tt corditions since
1-988. For e><anple, ditctr flows ceased to the Sotrth TfucJ<ee Meadcnrc on
Aug:st 25, ]-:990. llhe effect, is that ga:ord water rechargre frcm i:rigation
practices will p:obably be reduced frcm the 1 AF/A figrun:e.

18
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Occurence ard llcwqnent

As a result of a dcsnestia werr irventory ard frcm the gecptrltsicar data' a
piezcanetric conts.r rnErp lras prepared for ttre Scnrttr fttrckee l"leadorps (figture
-el . A bo:ejf ovenrrienr strcnps a hldr^aulic Aradient, that generally^follcns
tire topoE:affiy w"ith a rectrargre area in tlre Ca::son Rargre ard a aischarge
area jn ttre ltbadcms. An influr of gnomd r^rate rE\tes no*heast frcrn the
Galena Fan area into tlre peatent, area. Faultirgr causes balriers to flcnr
jr trdo areas, one at the Lancers Fault ard the ctlrer at ttre Senendepitlr
Fault. The gerreral direction of grcud vater lr\rsnerft is wesL to east.

The rnajor gnomd water inflr.ur to ttre sbnfy area occurs at tlre nrn:ntajn
front am it tlre I'It. Rose Hi$rway (frcnn tie C'alena Area). It is infesed
that rmst of tJ:e gn:orrd waten entenirg the shrrty area occurs at the canlton
ncnrths of Ihcsnas arxf VUeitps eeel<s. It is trlossible that, at ttre nnrrrtai:e
front ga:omd water nay be r4gueUing alorg tlre fi:actu:es of .the faulted
bedrocJ<. Ihis is an area for fuh.u:e sfufy. Influc to the sbrfy area frcnn
tlre Galena Fan occr:a:s in section 35 lvtrere ttre piezcurebric sr-nface is
depicted as a wide arxl f1at, g::adient. The U.S.G.S. has estj:nated that the
allunrial Uriclsress in this area is on tlre order of 800 - 900 feet thid<.

'-They hare''alSo estfunated that, the influc is appnoxfuately 2700 AF/YR."--:;r*;-""*:L.::,::-'r
n:lG estfunat€ nay be questionable b1z vi*,rirg ttre contsr rnap (figure 8).
A flcnr net ard sUreamUnes rnay indicate a cross-sectioral area too, snall
for t]lis arrcunt of fluc.

As discr:ssed earlier jn ttre geology section tlrere are tlrp najor local
faults, norttr trend.ing, that acf as"batriers to flcntr. These occtr in -

section 30, ttre l-ancers Fault, ard in section 25, tJ:e,senendepity Fault. .^' ':
Itre Serendepity Fault has been rnapped tV the Nerrada"B.reau of Mines.
Wastroe Connrtsy corducted a pnrpirg test, at SIIEID PW 6 (NE quarfer of
section 26) ard an inpenreable balrier was infelred on tlre dravdcnrt cf,rl:ve
to fr.nttrer srryort, tJlis fault's ocistence. .Llso, tlre water level jn this
well is anonalicus hi$rer than that at a lcnrcr rrrell, S'IIGID PW 5 (rorth
Etar{er Wafter of section 25) inclicatirg ttrat gomd water flcw is
infribited betveen tlre tl'rc welLs. At the l-ancerts Fault the contcnr rnap
shovss a steep gn:adient across tlre scarp irdicatirq an fupedence to flcnr.

In ttre S'!,I corner of section 25, tlre contotr urap strous an equipotential
line (5350 ft) that palra1lels Wlrites eeel<. A possiJcle oplarntion for
this is that t}re cr:eelc recharges ttre grourd wate alorg a $test-east fault
line. ftris equipote$bial Ure bEns peryenaicutar at ttre Sererdepity
Fault. Also, inf1r:r< fircm ttre Galena Fan ocq.u:s in ttris area. l4ore work
strould be done to verify tlre exi-stence of this pceosea fau1t. It sesns
plar-rsible that this is an o<tention of far.}tirrg alorrg the sortt. face of
IIE. Rose wtrere farrlt, scarys are reasonably aligted. Also, firtu:e r^iork
should consider wtret}er or nct. this area cculd possibly be a recbarge area
to tlre steanboat Gecth.errnal Area. Ttds has been prcposed by Yeanans
(personal ccmrunication) ard ottrers.
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O: ttre east side of tlre l-ancers Fault a fairly flat grad.ient ocists.
Drill logs ird.icate ttrid< sequences of clay ard 1o,r penreafility
especially jn section 30. As disossed jn ttre geology section, a graben
eldsts ard ortends into cenb:at sections 30 ard 19 that can be b:aced
along lvhites O.eek. In section 29, ctrenistrlr irdicates ttrat ttle grord
water is predcmrirntely affected ty the Steanboat Hifb Gecrth.ennal S/stetn.
Ittris occr:rs frcun geotlrermal uaters moving l.p the l&rd Volcano hreccia Fault
scaa? arxl ni:rilg witlr tlre trfreshrt grorrd water. Ihis scarp is b:aced jn a
nolth-scnrtb berd tlrat general-Iy bisects section 29. Georthennal
j-nfluences can also be located in tJ:e northwest corner of section 29 W
drsrrical arnlysis of water saples.

East of the l-ancer:s Fault ard norttrward, ttre IrcaI gn:ad.ient flattens due
to inseased thidsresses of sedi:rent. It is believed that the sedirents
incr:ease frcsn 600 feet to well cnrer 1Oo0 feet easttpard i:rto t]:e leadcws.
Itre waten table also atrproadres lard sr-rface as it ne€rrs Hi$tway 395.
East of lfi$rvuray 395, a gn:curd r^rater aiscbarge area develcps. A:ourd waten
npvernent frcnr ttre Steamboat VaIIey ard ttre Bailey Canyon flcrus rrorttnuard
jnto ttre neadcrus ard E-rantifiably is atrproximately 400 AF/Yr. In the
meadcrvrs, ge:curd wate aiscbarges jnto Steanboat eed< (Shnqr, 1985) ard
discfrarges as e\rapotJanspi::ation.

To ttre norttr of tJ:e shrfy area jn section 7, gn:ourd water flcms nortJr jnto
ttre North' T11rql<ee l{eadcns. ..Itre.-fLD( rate:as:-:prcbably -abc rt ,500 :Af/llR.-::-:€*-:::H,a':j-:r ::--

based on ccursxrter ncdeUjrq. Section 14 is an area tlat needs nore str-rcty
jn order to detennine groma vater nrcnrsnent. It is infen:ed that nsrresnent
ocsurs frcsn sections 13 ard' 14 jnto sections ].L ard 12, hcr'rever, t]:e
Trruclcee Fornation ocqrrs in ttre Dry eeel< d::ailage $hich is realatively
i:rpenneable. A.s a result, gn:ornd mter nrnrecnent is lfuited ty t}re qross
sectional area jn section 12 ard the soutluest quafter of section 11 that-
contains ncre penreaffe sedfuent.

On ttre ped-inerrt, only one hard. rocJ< weII orists, jrr section 30 (S'IIvIGID PW

4), so that very little qan be said abotrt, ground vtater nrcnrsnent jn ttre
I<ate Peak Forrnation tlat G jnferred to urderlie ttre sedfuents. Itre sccpe
of ttris study is Urdted to ttre alludal aquifers.

G?ound Water Rectra:se

Ttlrc mettrods of estjrnatirg gcnmd water recharge to the peainent are ttre
I"Iaxey-Eakin nethod ard tlre Ar{eaga-Drbin nettrod. Borttr attanpt to
quantify water yield that results fron precipitation based on elevation.
Water yield j-s dessi-bed as bcrttr srface ard gn:cnxd water. Ihe !traxey-
Ealsin rethod was derrclcped in tlre late 1940's for the State Ergileer in
orden to estfunate gno.lrd wats recbarge in east centr:a1 Nevada. Annua}
precipitation is seEnertea jrrto zones based on elerration ard a percentage
of tllis precipitation is considered water yield. Ihe Arteag*D.rbin
nrettrod relates skeam flcxr to precipitation ard irdirectly deteunines
ground r^raten ty d.iEference. As jl tlre lvlar<ey-Eakin mettrod., percentages of
precipitation at ryecified elevations are e.stj:rated as water yieId. By
measr.riry stream flow, grcnrnd water recharge is deteanined tryr diEference.
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Usi-ng tlre ltlacey-Eakin nettrod, precipitation is segrentea i.rr zones of O-8
inctres, 8-12 inches, 72-LS inches, l5-2O jnctres ard greater tbat 20
jlctres. Arcurd waten rectrarrge is estimted at 0 percent, 3 percent, 7
percent, 15 percent, ard 25 percent respecEively. AFpIyfug ttris retlrod to
the Car:son Range gives a wate yield estirnate of 101250 AF/YR.

P::ecipitation was esEimat€d frcrn Kleiforttr (1983). Usirg 8,800 AF/]IR of
surface mter nnoff (Ihcmas ard Vqhites) will atrproxirnate rectrarge at
L,45o AF/W' $r diEfenence. Usirg the Arteaga-D.ubin nettrod, an esti:nate
of 181000 AF/W' of waten yield results. S:ttbact5ry 81800 AF/llR of
stnface water wiII appr"oxirnate 9,2OO AF/YR.

If ground water recharge to ttre peainent occurs uostly at tlre canlzon
nrouths of Itrcnras ard Vlhites, a qross sectioral area of tJre carryon can be
determined ard rectrarge estimated. Several estirnat€s of these areas were
rnade. An effective porosity of 10 * ard a darcian velocity of 0.002 ft/s
gave estirnates of 22OO AF/YR for Whites Canlron ard 1300 AF/YR for Ihcsnas
Carryon for grord water rectrarge to tlre allurial portion of tlre peainert.

eourd water ncvsnent into ttre stuty area also occr.rrs frcrn ttre C,alena Fan
area. lltre U.S.G.S. Open File Report 84-433 determined that 2700 AF/][R
flcrus into tlre shxfy area based on a nunsrical npdel. Itre retrnrt
estjrnated tiis fluc based on a corductivity of 2 ft./day. A pnpiry test
on tlre wirdhin WeIl" (S:rf 'of 'secticn s41, yietaea^ a corductivity'of ,-1r3 *iq'*:
ft/day. Based on this latten corductivitlz 1700 AFAfR is denived. A flcns
net would stred scnre li*rt on grourd r^later rrcnrsnent jn ttr-is area.

.

Gtourd Water Discha::cre _-

Ttre gromd. water discfrarge area jn tlre Sorttr Trucl<ee }Ieadd$ns occurs in
secAions 3, 4, 9t LO, 15 ard 16 l*rere the water table is at'lard srface
ard where several florfiing wells are located. (Note: Vertical gn:adierrts
strould be detemrined for ttre aischarge area.) Oiscnarge occurs as
errapor:ation, bnnspj::ation ard discharge into steanboat o:eel<.
D:anspi::ation al-so occrrs on tlre penipherll of this area jn ttre ursatr-u:ated.
zone rtrere tlre water table is as nnrdr as ten feet belcm lard strface. Ihe
approximate sr.rface area of the discharge area is 5,000 acres. Figru:e s
strcrus ttre atr4rrcrcirnate area. Usi.rrg aerial pnobElafny it is estfunated that,
phreatopfiytes grcff on 11900 aqres, 550 acr:es can be malped as sage ard
salt erratrnr:ative areas, irrigated pasUre ocapies 11950 aqres ard 500
acres contail i:riqated alflafa.

Fign.rre 10 i-s a sclrecnatic of a water balance for the d.ischarge area.
Irzigated lard atrplication rates have h-istorically been 4.0 to 4.5 feet
per acre on both alfalfa ard pashn:e. fttapoilr:anspinrUion fron eoplards
is esbirnated at 3.7 feet (cuitjens, et a1., 1979). Phreatophyte
e\rapotrranq)iration as vlell as free stanairtg water ard salt evaporative
areas are estimated at 4.8 feet (reference). G:omd water cliscbarge to
Steanboat, eeek is estfunated at 12500 AF/YR (Shuqr, 1985). Based on ttrese
estirnates a very loose estirnate of 331000 AF/]R of gromd mter discnarge
can ttren be derirrcd.
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I $rb fbtal 10030 AF

I Recharege to Vallev Floor
t crcp & pastt:l:e i-:rig. e 4.5 AF e2950 Ac 13300 AF

precip on \ralley floor @.85 It, e6300 Ac 5500 AF

I ry* frcm i:ris . @.zF/Ae 2e55 Ac

TABLE 4
SO{'IH TRIJCKE MEADOIVS WIIIER BATANCE

Rectrarrge Periphenial to Valley Floor
I,Iountain Flont recharge 4700 AF
Galena Fan inflcry 2700 AF
Itrcnras & Vghites cr:eek hfilb:ation 500 AF
septic tank rechang'e e 0.2 AF/dweilinq 430 AF
irzigation rectrarge e 1.0 AF/A @ 950 aees 950 AF
recharrqe fr.crn Virginia Rarge 350 AF
inflcm frcsn Sbnbt, Va11e14 4OO AF

18800 t\F
2BB3O AF

10900 AF

aiscnarye to Steamboat eeek
Fnnpage

Tobal

Pencerrt Difference

12500 AF
1000 AF

34250 AF

L6Z

*:1::*+*.'-.J-.l,:.,y*,.,-:l.-.-..El-fi:crn'pr'reatiFrlybs,.e4.8.Te2o50AC.;i....'..9850}f-::l;:;::;.:.:.,il.:j:.]...l.1
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Steanboat Slcrhgs C€othermal Svstem

llre Steamboat Sprirys ceothennal Systsn is not specifically addressed in
trlis shxry, vuhite's work is the rnost corplete sbrry to date. Isrite
irdicated that 1 - 2 cf,s of geotherrnal water represented ttre flur late
tbrcugh the sletem. Ihis was based on rneasu:snents of sprirg Aischarge
ard hfluc to Steanboat O:eek. What he was r.rrable to address was tl:e
ilfluc of geotlrerrnal wate alorgr faults, at detr*tr, norttr ard east of tJ:e
sprirqs area prcper. trese areas are depicted tDr Batsnan ard Sclreibactr in
ttreir 1975 DRI repnt titled, E\nluation of Geottrerrnal Activity in ttre
fttrd<ee lvtreadcrus, Wastroe 6:ntrr, Nevada.

Sor-rttr nrrclcee ltbadcffs Waten Balance

Table 4 is a rmten balance for tlre South Tfud<ee lvtreadows. A water balance
is an accowrtijrg process tlrat attarpts to E:antify all go:ond and su:face
water as gro:nd water rectnrgre ard discharge. ltre process i-s based on tlre
besb arrailable jnforrnation abcut ttre various processes. In this studlz the

26



I
I
I
t
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I

$rater balance is used as a startiry irprt for tlre rurcrical. node[irg
effort. An furpo*arfi poirrt to be corrsidened of this partianlar area is
ttrat i:rigation pr:acAices are ocanrirg in the area of gro.rd water
disclrarge, Ihis terds to ccrqllicate $re descitrrtion of ttre aischarge
area. Oonsequently, ttre water balance inclrrdes waten atrplication to the
valley floor tlat shculd not neoessarily be considered grord r^rater
rectrargre in ttre classic sense.

Recharge to the rralJ-ey floor frcrn tlre periphery considers tlre area west of
Us 395, ttre Vi:rgrinia Rarge ard ttre grcurd r^rater inflov frcnr the steamboat
VaIIey area. necnarEe frcrn the l,lruntah rlont (average frcsn three uetlrods
used) ard frcrn ttre Ga1ena Fan have already been discussed. Eevious
*uaies irdicate that lhcfitas ard Whites cn:eeks leak scne s-u:face r,,rater.
Measurerrents strcm ttrat tl'is ::ate is probably 0.5 - 1.0 cf,s per aeek on
the pedfuent, SbpEic tarik hfilb:ation does occrr try its verlr desigrn ard
has been estfinated at 0.2 AF pen drdeUirrg at 2150 ddeUirgs (refenence).
Recharge frcuu irrigation r4l grad.ient frcsn the discharte area is estirnat€d
at 1.0 AF per acre. Ihis is determined frcsn rrifference as witJl an
application r:ate of 4.5 AF/A ard a qrop usage ::ate of 3.5 AF/A (Aritjens,
etal, L979). neclarge frcm tlre Vi:rgirria Range is estilnated frcnr tlre
lGxey-Eakin nethod. Tdlcntr frcm steamboat Valley is based on flcnr thrcu*r
a qross sectional area. Total gro:rd water recharge to tlre periphery of
ttre disctrarge area is atrproximately 10030 AF.

Recharge on the Valtey Floor is considered as tlre tctal i:rigation r:ate
ard all precipitation. kecipitation is rrot, considened else$rhere as
previor.s studies (Koltennann, 198x) irdicate tlrat precipitation is E:idcly
evaporated or heltrs to satisQr soil trpisEu:e corditions. Itre tcrtal
estirnat€d atrplication of water on ttre dischar,ge area is 18800 AF.-

In deterrninirg the atrproximate alrrf,fit of gound water aischarge, e\apo-
tr:anspi::ation is considened fon the i:rigatbd areas ard tlre area
predcnrinated W phreatopfrybs, bare soil (salt deposition through
evatrnration of gound water), ard stadinf water (Alocarder l-alce ard tlre
CDB pords). fhese rates of ET are 3.7 AF/A for the i:rigated areas ard
4.8 AF/A for ttre ottrer aischarge areas. Ilrese rates are based on sbrdies
b1z edtjens, et a1. eourd uater punpage is based on domestic welIs ard
m:nicipal waten ryst€ns in ttre South Tlr-rdce lGadows. Discharge to
Stearnboat eeek is based on'various studies ard ncre specifically, on
Sfir.arqr's rsork.

Ihe balance jrdicates, based on these rrarious estiJnates, tbat grcnnd water
' disdnrge is nearly 341000 AF anrn:ally. Of that, balf is atkihrtable to
nan's irrigation practices (14,25O.4F) ard setrrtic tarik effluerrt (430 AF).
Accordirgly, withcnt nan's ilfluence tlre rnbral aiscnarye i-s closer to
121000 AF anrn:ally. Ihe water balanoe rethod of determinirg recharge ard
dis&arge shculd only be considered as a rrorgh estjrate. It nrcn:e
specifically, identifies ondens of rnagnritude of the variors contrilerto::s
of recturgte ard discharge. To ref,jne these rnnrbers, runerical nndellilg
is alprcpriate
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Q:cn:rd wats

l{any of Nevada's waten sg>lies are often jlfluenced by geot}t€!iltal
activiQr. ltre Scnrttr Tfr.rckee l{eadcrps is no o<ception. Irdeed, one of the
r*prldtioldest geoBremral q/stsns is the stearboat qprirgs sysEsn (I{hitet
19G4). In onder to delineate suctr infl-rence, dI available water Etality
ana\zsi"s were coLl-ected in ttre sbrdy area (1984). Itbst ilfotmation was
nrade arrail-able tlrcn$r t}re Nevada State peeartst of lluman Resctres.
Additioral arnlysis were ollected. filcn otfier sources. Ihe analleis were
plotted on a base nap in t€rrs of niUi-equi\ralerts (neq) of anions. An
interpetation 6r1d then be nrade wittr reslnct, to the geocttetrisb:lf of t}le
shrdy area. A1so, since geottremal waters ofEen flcr al.org f::actere i
planes, sxrficial opressions of faults rrcre also plcttted.

Prate 5 i-s a water chemi-sbry nap fc tlre sbrtlr area. The rn'mbers plotted
are anion niUi-equi\ralents (rEq). IhrcnrghcnrL utost of the stiliy area tlre
r^rater is of eccellent quality wittr a total disohrcd solids (lDS) rarge of
150 - 220 gpn. Ihe IDS ino:eases near U.S. 395 ard in tfie vicirriQr of
Steanboat qprirgs. Bicarbornte in the dcnrinarrt ion, rvtrereas calciutt,
rnagnesirm ard sodiun are ttre dcrninarrt cations. Ions that o<ceed drjrtfcirg
water stardards are arsenic, chlorine ard sodfumr ard these atr4Ear to be
related to tlre geottremal qfstan.,'- T-rcrn-is al-so"'occasionally .anmalcns;++';':;;:rri':i:;L;?i-*.4:r:'
yet it is sccrEtines difficrrlt to discern r.rtrether its origin is frcnr
geologBr or frcsn welt casi:'tgs.

The water quality in tlre sclrthvrest, shxfy area is excellent (sections 26,
34, 35, 36). Arrions average 2.46 ry (IDS = 170 gxn) with bicarbonate the
rnajor anion. Scnme wdlls have ancsnalcus jron concerrtrations (0.53 - 0.89
pfnnl . If the jron ancunalies were derived frcm t}re gn:crrd waten ard not
frcsn the well casings, a possi-ble scfl,rrce nay be frorr gn:amd water nrnrsent
frcsn hard. roct< fl:acfia:es (ardesite) fut- the a1hnriun that ccntajn mcre
dissolved i-rcn or dissoltion of i::on rictr bictite. Hcftrevetr, deeper we'lls
in t}1e area do rrob j:Tdicate any col":elation. Drcellerrl water Enlity i"s
also fcrrd in ttre cents of tle ped:nert, (sections 24 arrt' 19).
Bicarbonate dcminates with tcnr IDS vahes (140 - 180 gm). Anion values
average 3.5 meq. It is to nctte that a trrerd of rrcr1r lcnr anion
rralues E;.i-st frcm ttre center of section 19, aeoss TnLqzi l-ane, fuf- the
I{esEidge area. Itris rnay be jnfluenced try recharge frcrn lfldtes O:eel< jrrt!
ttre jrrferred ga:aben as discussed ir the geology sect'ion. ,

In tlre norttr sections of tJre sbrfy area tlre quality is also o<ceIIent.
Anion.ualues average 3.5 meq with IDS levels of 230 tr4xn. Five wells jn
tlre west of section 12 have anion rralues frcm 4.71 to 5.46 rneq r.hereas
nalues of 2.4 rneq are ccsrrrpn dcnm gn:adiert (vest to east). llhe h-i$rer
vlaues ref,lect incr:eased leve1s of So4, lilo?, ard H@a. I{eII depths
rnrlr fircm 150 - 350 feet so that deFth may rrct, have 6 con:elation. Again,
a can:se oculd be frcrr f::acfire flcw gm.rrd water or influenced frcrn t'tle
Ituclcee Fo:mation especially with respect, b Sa. Water qual.ity in the
Footfrill Road area is also qllite good ard nob influenoed frcrn geottreumal
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scnrrces. The average anion value is 2.8 rcq. Orly tno anonalcu-s rralues of
iron were located at ttre scuth erd of Foctbhill Road (1.68 'ard 0.26 pprn).

A primary reason for fookirg at mtcr ctrenri-shry in ttds sbrfy is to
discoven tlre occu:ene of geoEtrer:nal jnfluenes. Gecttrennal rsaters at
Steanlcoat, qprings Erre arrcErErlcus jn ttre anions ch-loride (1000-2000 trpn),
sodir.un (500-800 tr4m), srlfate (50-100 14xt), potassiun (2O-7O trr:lxr) ard
silica (100-300 pprn). IDS rralues are 1000-3000 Fn:m. Gecrthennal uateu:s
also contajn hi$r conoerrb:ations of arsenic (0.054-4.00 rEm), boron
(1.0-50.0 rpm) ard fluoride (3-6 pnrn)

An area of geottremal intcrest is in section 29 aE ttre lrlait(ay residence.
lltrere a geothemal $e11 has an anion rrafue of 30 ard a deprth of 300 feet.
llhis ueII is located in tlre ItDd Vol-cano h:eeia Fault (see geologic
discussion). fhe nofthsnrd trerd of ttris fault suficially erds at, tlre
sites of truo ortlrer wells wittr anion values of 35.23 ard 20.53 meq. It is
belierrcd that tlrese ueils are drilled irr or rrearly into the fault plare
ard produce ahnst entirely geottrerrnal wate's.

Figrr.re 11 slrcnus an idealized q:oss section of ttre geothennal waters that
flovu alorg a fault plane, veftically, to the horizontal break in ttre
bedrocJ<. Ihicl< s€quences (300-1000 feet) of allurirm overlay tlre
bedrocJ<. IJpgradierrt of ttre fau1t, is the tr*rreatic rysts with relatirrcly

-'cold trfieshrt grond water ttrat errentually ni*es'with'1he-gectfreLaaf irat€!ts'i**-;r::';'rlai:r5:"
dcnmE:adierrE, frcrn tlre fault plane. llhe figrr-re also illusb:a.tes tlre water
quafity that wells can e>pect to enccurter aepenairg on thejr location ard
deptJr relative to tlre fault p1ane. At ttre north erd of tlre l{rd Volcano
heccia Falrlt, the depttr of ttre well wiII detezrine ttre concerrb:ation of
geothennal r.later captu:ea. Ihe Flare trell has an anion rralue of abort 20
meq. vrith a deSrth of 90 feet. Ihe Peigh well has a depttr of 44O feet ard.
an anion rralue of 35 meq.

lltris sitr:ation also occu:s in ttre norttwest corirer of section 29. Tfie
Woodts well i-s located west of a fault b:ace ard bas an anion vlaue of
1.58 neq at a well dep'th of 82 feet. It i.s assmed that Uais uater is tlre
rrfreshrr water afthcr$r dilttion pnobably occurs frrcsn steanboat Ditch,
!fldtes eed< ard i:rigation practices. Tn tlre vicinity of ttre fault, weII
depttlt again detemines ttre prrcduction Erality. Itlree sp]]s halrc depttrs of
85, 110 ard 190 feet with anion rralues of 2'.73, L3.2L ard 31.88 meq,
reqlecaively.

A thi-:d, less defined occur:t:ence is jrr ttre Va11ey Springs Road area
(section 2O). A fault b:ace is infen:ed east of Valley Springs Road tbat
cculd be ccmron with ttre nPeigh'r fault. A dcnBstic geottr€lmal weI1, used
fon s;nce heatirg, erd.sEs il the area rrrith a deprth of 3OO feet,, lrrt ttre
water-quality is-not lochm. Ihree wells in t}ril area banre ani6n rnlues
atrproadlirg 4 neq ard tfds trerd seens to trerd nortlmnrrd.. Anion values
west of the fault b:ace'are abclrt 1.8 neq ard east are abcut 2.6 neq.
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I Geottrerrnal occr-urences in section 21 are nct, weII defi-rTed as rraricnrs arrion
I concentf,ations are fcnrd regardless of well deprth. For e>{arple, on

Suttrerlard Road, neidrborirg wells yl"ith depths of 46 to 50 feet have anion
r rralues of 11.2 ard 3.2 ry, respec'tivlely. Itris area pnobably reflects a

I nixjry zone ard is not lell urdersEood.

A firal note is tlat ttre heavier, ion-rictr, gecrth€mal rmters nay be
I capped [r less dense rrfreshrr grorrd waters frcm the ]ocal regional
I g:adierrt ke€eiry ttre gecrttremral waters relatively deep. Hcnu/er,

cornrecAion frcro geotbemal heat probably allcns scr€ mi:rjrg to occr.u
I rather than just, plain contact betqrcen the tmc waters. Iarge trurgnge of
I the trfrestrtr $rater will allcry the gecrtJrenral waters to rise because of ttre

ctrange in head.. This nay be a ptential problar if hcusirg denrelcgnerrt
r occurs on the Dqicle Diauprd ard Dansrte Ranches. In tlrese areas, g:lcnrd
I r^rater leve1s rurld have to be lcmered for hcusirg consEuction to ber stable tlerety aUcnrjrg geottrennal waters to rise.

I Water quality in ttre vi::rginia Rarge foothill area is influenced prirnarily
t tty hyarcrtnermal alteration of t.tre nrountaja block. arcnnrd r.raters nigl:atirg

ttrrqrgh ttrese rod<s wiII di.ssolve rnineral constib.rents thenetryr incr:easirg-
I it's TDS. The hlntncrbtrennal alteration is associated with tlre trOcf,nstocJ<

I l-oderr il ard rrear Virrginia CiQr. Anion rralues in ttre C;eiger Q:ade ardr To11 Road area range frcsn 5 to 85 rcq. ffris dranistqg dttfers.frcsn theo':'',"' l:'1''*-': Steamboat Sprirgs geothennaf rraters in tlat'tfre geottrerinal irat6r'are'-!*'F#'-**r;;'.-j?r:rl1
I nnstly soafunifrf5riae wheneas ttre tthlnlrothenrally alteredrr rratetis are
I nnstly calcirrsulfate.

f In tlre neadcns area the anion values t=nge fircm 1.3 tD il2.09 rreq ard
I p::obably reflec*, uelt depths ard pnoxinity to geottremal aisOarge areas

(see Batsnan ard Scheibad;"L975). All clrenisbry for plate 6 is jnclrrded

I 
in appendix c.

r Figrr:re 12 strcrys stiff diag:ans for the sbnfy area. Please note ttre legend
for a descitrrtion of tlre diagn:am. Ihe fignre genel:ally strcrps ttre sare

I cireuristql toi ttre peaiment. Ctrarges occxr jn Ure stearnloat Qprirgs area
I r*rere sod.itm ard drloride dcrnimte. In ttre Vi:rginia Foothills area tlre

AroisUry is displayed with sulfate acminatirg. Firalty, in tlre meadcns
I area, tlre waters are strcnn to be pedonirately sodiurbicarbonate
I

I
I
I
I
I
I

Surfae Water:s

Fignre 13 strcms ttre stream flcry ard ditch strstor for ttre Scnrth ffucl<ee
IGadcrrls includ.ing sarplirg sites for drani-sb:y. In 1982 ard 1983, a
su:face water sarrpling progran vas inplenerrEed. Ifie results are inc}:ded
5n qperdix C. A sarpling progr'arn for rnost of tlrese site fns been
contjnued since L987 W ttre Nevada Oepartnent of Enrironnental
kotection. Wate Erality frcrn tlre Carson Rarge (hrowns, Galena, I{fdts
ard Ihcrnas) is of oroellent qualit1r with a r:arge of IDS of 50 to 1OO rEn.
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These vraters are predcrrdrntely calciturrbicarbonate. The ditch waters
origirnte frcm the fhrclcee River ard have IDS rrahes that rarge frcrn 50 to
100 gxn ard are also calciurbicarbonate waters. The Steamboat Oteek ard
Aitcfres eiginate frcnr Wastroe l-ake witJr influence frcm h:onns ard Gatena
cr:eel<s before enteirg ttre strrty area. Ifrcse waters are calciun/sodiun
-bicarborate with a IDS rarge of 130 to 280 pp. Ihe Steanboat geothennal
spnjrgs flcry ovenlard into Steamboat Oieel< ard gecrthennal. gcurd waters
also disclarge into Steamboat Oreel<. Oonsequently, ttre quality dega:ades
sli$rt1y as the geothemal vo1r.ue is lcnr, tnrt conshihrents sudr as arsenic
ard boron incr:ease sigrificantly. Ilre waters beccsre sod.iwrbicarbonate
wittr tnS values that incr:ease abcut,'lO A. Tfds o@.rrs in ttre area fircm
Rhodes Road to @iger G:ade.

nlt the neadcxprs area, I{ait€ ard Ihcsras cr:eeks evenbra-Lly confluenoe witfr
Steamboat. Irigational practrices influene this as to hcrr nureh ard wtrere
this ocqrs, tlrt, generally ttris occurs at the rEErcrrs at ttre ltuffaker
Ifilb. As discrssed, ttre readcns is a gcrrd water ai-sOarqe area. Itris
occurs for both the geoEtrennal waters (Bateunn ard SctrejJcadr, 1975) ard
ttre rrfrestrrr waters. Consequently, t1ris a:"sAnrge also confilertes to
Steamboat Oieek as docr:nerrted hry Sup (1984). An incr:ease in flcnr of
abcut 2 - 3 cf,s is ccsrrnill. Ihe mter quality ttren, sbcnfld jlsease in
dissolved solids. Ihe Enlity of Steanboat at tlre narrcffs r:arges frcrn
200 14m jn ttre winter rpntls to 500 gryr irr the sr-urner of tota1 di-ssolved

" -'!+ "+'r- - solids.""trre Eralitlz-of Alexarder Ditcti'at'thd.riar:r:crrs" (just-befo::e'i 'ds''n '.n'n;';'-"-j!::r:Y"+::'-

flchrirg into Steamboat) also ranges frcsn 200 - 500 tr4xn.

Figrr-u:e 14 displalrc stjJf diagrans for tlre surface watens. Ihe drandsblr
for tlre Car:son cr:eeks ard ttre $rrclcee ditctres are vjrhrally tlre sarne.
Steamlcoat A3eel< dranges frccn calcitrbicarbonate at Rhodes Road. to a
soafun-cnfsiae/bicarbonate at Geiger 6:ade.
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GEpPHYSIEL SUKIEY

ElecEical ResistiviW

An electrical resisEivity survey was corducted in 1983 on the peA:rcrt.
Ihe prrpose vras to deterrnine ttre depth to Ure water table sr.rface ard if
possiJcle the depttr to bedrocJ<. Itds was especially fupoftant jn areas of
the pedi:rent ntrene little, if an1r, j-nformation ms arrailable. Fignre rs
is a rnap shcnrjry tlre locations of ttre \rcL+ical- electrical resistiviQr

i
profile sites. 

I

The principal ttreory fon electrical resij,stivitf is derived frcnn Otmts Iaw
as ttre resisEance of a rnatenial. (wire, rcdcsretc.) to an irduced curent,.
tr4ore specifically, a cr.nrerrt is introdued jnto Ure gromd, an eletric
field i.s generct€d ard tlre potential diFfenence across tlre resi.stance is
rneasred. Tn orEtrer wonds, ttre resi.stance between -ttre curerrt eleskode
ard ttre poterrEial eletrode is calculated tty rcasring the potential
diFfenence. Ihe equation used to solve for resistance is:'

wtrere P is resistiitiQ,'A"is.'ttre cross'sectional-ar6aj::1=15';gt6:firrent'l+L€ij':s5::+ts=r-='if,
j-s ttre lenqth ard V is tlre potential difference (Zrody, et a1, 1-980). The
units of resistance are ctmrnetes. Ihe resistance of sabrated al1rnrirnr
i-s less than that of r:nsatur:ated allurriun as current is cordrcted.
e1ectrol1ft:ical-ly hV jatersEitial water in pores. Resi-sEance to curr:errt is
fldtrer redtrced by an jncr:ease'jrr sal-idty of ttre i*€rstitial waten.
Clays are also corductive (corductrance is the jrrverse of resistance)
becar:se of tlre &itrnle aligrment of jrdividual clay trnrf,icles. llhe overall
purpose of e1egEical resi.stiviQr scnmairrys is to deterrnine ttre deprlJr to
tlre gn:omd. waten table. Additioral infonnation scn$rt after are
lithological dtEferences, water Erality differences (salt vrater - frestl
r,rater i.rrteu:action) ard prosity.

ftre eqaipnent, used rsas a rrsoiltest R-50 D.C. Earfh Resit^ivity Meterrr, a
b:ansit for sr.weyirg eadr somdirg site ard radios $thicfr enabled ttre
field cr:err to conmmicate eo=ily. Ihe curent eleclrrodes, copper sEa]<es
atrproximatety 30 inctres long, are drirzen par*,iaUy jrrto:tlre;gro:nd at
predetenrirred q)aces ard connected to an elechrical cable attactred to ttre
pcnrer srglly. Ihe potential electrodes are porcus cerantc pts satr.u:ated
ririth a cofirtrpr-srrlfate (OrSO4) solrbion, retly hried jrr tlre soil ard
connected to an angrraneter b1r electrical cable. Ihe Sctrlunrbeagren
configrrration for electrode placenent was r:sed.

When pcffer is irduced into the crlrent elecfi:odes ard hence jnto ttre
gn:cnnd, a readirg of that cr.nrerrt is given at ttre voltneter. Itre
potential drcp is measu:ed at tlre. pobential electrodes ard depicted with
ttre angxemeten. A field resistiviQr is qrddrly calolated. Ihe
resi-sEanoe is calcrrlated. fr"csn the eqr:ation

P-4V
LT (1)
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where AB ard MN are etecfirode spacirgs ueasrn:ed in feet. ( is atrparent
field resisEivitlz as cpposed to a brre resistivitlr neastred r:rder ideal
corditions. Itead.irgs are rnade at 'varicus predetermi:red electrode
spaci:rgs.

For th-is swvelz a.tlpical scnrg:ry entailed a resi.stance neasursnerrE, at
curr:ent elecfuode spacirgs begiJnriry at 4.64 ueters ard incr:easjrg log-
ritlunatically to 305.00 reters. lhe field resi.sEivitlr is ttren plotted
against tlre crrr::errt electr:ode spacirrg divided ty tr{,o as iJ-hrsb:ated in
figru:e 16. Ihe resultirg crrve was intertrxeted visually ard matlrqna-
tica1ly. nx npst cases, a large drcp in tJre resjstance inticated sabr-
a!6a afturrirm. The resrrlts of dach scRmding wene reduced tpr Z:od1r's
Cgnvolution l,Iethod $hich i-s really a ccurgrrterized cr.rve natchirg bch-
,diq.t. ltre results give an atrproximation of layers wittr resisbivities ard
thidgresses. An iatetrretation as to tlre trfireatic sra:face ard crbtren
ancnralies are ttren rnade. Of secordary fireortarpe was to trAf to detemr:ile
ttre Uridmess of alluvirn on tlre peaim:t. Itris was net wittr poor success
as tlre pcrrcr scnlrce was noE, sErong encnsr to rrlool<rt belcns atrproxirnatety
500 feet. '-

An exanple is strcnn il fignre L7 of ttre field q.ra€ genera.ted. Iritially,
resistance to q.nrerrt, jncr:eases with depttr. Ihe rniddle sequence of ttre
sounaing naintains a resistance at atr4n:oximately 200 olurrnetens. ltre
resi-stance drops off guidcly, usually irdicatirg satu:ation of tlre
littrology or a dtEferent ard ncre cordr-rctive tithology. n:cdyts netlrod
ctra::acterizes tlre data jnto. sequerrces of resi.sLivity as strcnrn in figrr-n:e :

18. An average resistance of 83 cLnrneters, thj:teen feet tfrid<; 277
cfsHreters, LO2 feet ttrid< ard so on. Ihen tne trfireatic sr.n:face i.s
inferred at 115 feet as ttre average resj.stance drcps frclrl,277 to 106
dsrFneters. Ihis concl:sion is ccrmon with ottrer resistiviQz stud.ies on
allurim jn the sortJrrsesten ltnited Stat€ (personal ccuumnication witb
C11nle Rirgrstad, Geo Recon Irrternatiornl, Ltd. ) . Ifris figrr-n:e also
irdicates tbat at 318 feet an ancnnalo:sly corductive litholognr is
enccnrrtered daich is most likely a relatively tnid< sequenoe of clay.

Results ard Discnssion

llable 5 diTrlale ttre resu.lts of ttre srr/ey. Ihe table irdicates eadr
sorrdilgrs inferred dep'h to water (ft), satr.u:ated resi.stance (oturrrn),
avererge ursabrated resi.stance (cLutrrn) ard a subject^irrc ratirg on eadr
resnlts reliability. It uas felt that 548 of tlre somairgs were good 1 LSeo
fair ard 21* poor. Sits 1 ard 3 rrere located in areas rvhere t}re lfireatic
sr-u:face was ]grcnn for cal"ila:ation p.rrpces. The resufts at tl:ese two sits
are good, especially at site 1 rrrtrere tJre predicted rsater level i-s wittrin 1
foot. Site 3 ms within 8 I of ttre ]srcnln detrrth. Scure sites rendered poor

}jIN (2)
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FIGURE 17 ILLUSTRATION OF RESISTIVITY DATA FIELD POINTS
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L64
358
245

90
L&
130

95 ft,
94

200

132

1
2

I
I
I
I
I
I
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results due to cperator emors, geologric faults or rnan-rnade objects
shorf,irg cut the curent. See the aFeendix E fe field data ard results
of tlre cclrgrrEer runs.

TABT,E 5
ELECIRTCNL RESTSETVTIY REST]LIIS

I
I
I
I
I
I
I
I
I
I
I
I

V.ES FT

3
4
5
6
7
8
9

L22
'76

2L7

13 109
L4 r-00
15 254
16 L52
L7
l_8
19
20
2t
22
23
24
25
26
27
28

10 150 L7O 106 268 good
.11 , 136i.r'.t-,. - 2LO*-**!Z$.---;y:'.*311-. pOtr'-'-' ..^.,..ir:r';!rl:.i..; ..','."i.-!..i::,:: -;& --.. .*-.i --
L2 216 28O 85 2O3 fair

DEtrI KNCNN
I'2O DPTH

SA[. AVG.
RESIST. I]NSM.
(ail+{) (onM+r)

REST'I;IS

good
. poor

good
no reliable results
fair to good
no reliable results
fair to poor

165 ? LO6 2a7

2oo z L47 zoo
80 105 22L, good

22O 140 274 good

100 100 22O good

FT

9s fL
L70
185

130 r-56 275
260 ? 91 330
150..?' 52 273

55''-" 79 L23
180 96 150
290 31 28L
zLO ? 119 2LO
180 L52 226
200 ? 46 304
I]NK 32 L37
8s ? 106 270

110 ]-70 220
70 72 L47

53
720
282
]-'37
190
2LO
2L5
l-15
106
70

good to fair
good
good
no reliable resrrlts
rro reliable results
girod'fair
good
poor
good to fajr
good
good
good
good
good
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NTMERTCAL I'METfiIJNG

l,Iethodologlr

lhis shxfy entaitea considerable field work ard ttre collecf,ion of data to
bett€r deUneate ttre hlnfirogreology of the pedfuent ard basi:r. Ttre rirorkjrcltded a well sun/ey, a gecpfrysical surrey, ccrrpilirg ctrsnical analysis,
sur:face waten nonitorirgr, ard a ccupilation of previcus uork in geology as
well as hlntrogeology. with this data bAse a waten balance was ccnpleted
in orrilen to better concephnlize ard E:antify the hlntrcgeologic processes
as a l*role. To test ard fuprcve tJre concetrrleral model, a runerical nodel
was ccuq>Ieted. Ihe water balance atteupts to presenre ttre laws of
consenration of rnass wtrereas ttre rnurerical rcdel also alplies ttre laws of
physics jn o,lrden to equilrilate the water balance ard to attanqrt to uratctt
results wittr r.rfrat we obsenre in the field.

Ttre ncdel used for this sbl{'r^ras the USGS 2D J.i:rite DiJference lrlodel for
Aquifen Sjnulation develcped [r f::escorbt, Pirder ard l-arsen arrd plbil.shed
i:r l-975. Ihe strorgrly fuplicit procedr-rre for solvjrg the flcm eqr-ration
was used. in Uds shxfy.

Fign:re 19 is ttre layo:t used for this nrcdeiling sbxfy. Ihe 14 x 2O node
grid is orierrted in ttre direction of opected-gr:qmd waten nrcvement;'::*r:-;:*::*::J,r-:;!-;-.:;i.;",,;-
scuElxuest to northeast. Of the 280 nodes, 154 are active. Eactr node ms
assign:ed an estirnated bedrod< elerration ard a land sr.u:face elerration.
Itrese elevations are irdicated in fignre zo. n:jection wells (13) that
sinnrlate rntrral ga:omd mter rectrargre are strcnn in fignre 21 lrith an
estfunated annual flur based on previcnrs work (see hydrogeology section).
A:cund water a:scnarge to Steamboat A:eel< is sfuulated as leakage. Fign-re
22 strcns the estfunat€d veltical h1d::auIic corductivitlr r:sed for ttre
str:eambed. Itds nrurilcer reflects the sb:earnbed area arreraged. orrer ttre
entire node wittr a five feet thidsress.

Itre irput pamnete!:s hldraulic corductiwitlr ard sEor:ativity lrere based
pnfurarily on estjmation. Prryfug tests run on water wells helped to
determine tlre rargre of q>pecEed values ard occu:erice. caUja:ation
proce&a:es ard sensitivity analysis was r.rsed to better estirnate tlre
rralues. Fignn:e 23 is 3 display of tlre hldraulic corductivity value
assigned to eadr node. Figu:e 24 i-s a display of tlre:stor:atiwily rralue
assigned to eadr node. A:cn:rd vater rectrarge due to i:rigation'lf af7al
is for t}re atrplicable nodes 3s aisplayed irr Figru:e 25. Ifds i"s based on
averages ard is discussed rnore thororghly in the section on grord water
4iscttarfe.

an evapob:anspj::ation ::ate of 4.8 AF/A was r:sed based on aritjensr et at,
work. For this nodel an effective leveI of 5 feet belcm lard srrr:face was
used, neaning tlrat lvtren tJ:e water tabre drces belcnr 5 feet, no e\rapo-
b:anspi::ation occrrs. rt is being assuned that on the area vfrere ttre
vaater table is deepen than 5 feet, ::ailfall ard i:rigation satisfies t}le
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ET corditions. Basically, an at@rqrt was rnade to reproduce, in ttre form
of tlre net water balance, what was actrally ocorirg in ttre vadose zone.
Figir.u:e 11 is an illusb:ation of ttris net balance.

Difficufties

tlncedainties arose jn the modellirg effort witJ: respect to irtrrt data.
l\rture rcdeUirg efforts strcnrld address tJre follcnrjlg:

1. Oetemining dep'th to bedrocJ<r. especially near D:ry eeel< as ttris
inftuenced tfie head di.skilrrtion.

2. tre fault at l-ancerts influenoed head distrilrrtion ard was not ftitly
urdersEood..

3. IJnceftain{ abcut recharrge values no*h of Itrcsnas O:eel< Carryon.
4. Ehe storativitlr had a largle influence at Dry Ced<.

calih:ation ard sensitivity analrrsis

The caUlaation process was an attanpt to matdr the corprter genemted
heads (steady state) to ttre heads obsenred jn tlre field. koblqns nnstly
develcped near ard scuth of l{irites O:eel<, t}re Dry O:eel< area ard near tlre
Lancents Fault.'In thb !{hits Qreel<'arear" ccgrqxrted. heads were bften'tens +-q.--h.rh-;:.-:-
of feet aborre lard surface. AdjusEjry rectrargre'ralues dcr'n frcsn thejrdtial 'values (10,000 AF) was tfre npsb effective :nettrod of adjust:nerrt
rnade. Adjusti-ng aquifer thid<ness, hlttraulic cond.rctivity ard/or
storativitlr did not, yield desj::ab]e resqlts. In ttre Dry A:eel< area, rrodes
often fhrent drlztt =o tbat adjusfuents rrere rnade to aquiJer thiclmess,
h1d::anlic corductivitlr ard sEorativitlr, dl adjr:sted dcnrrvrard frcan jritial
values. In ttre Iarcer's Fault area heads ccnrld noE, be cali-b'ated
cotrectlyr hrt were close to reasonable.

sensitivity arnlysis considered ino:easirg or decr:easjrg, by whole ard
half orders of nagritude, ttre irgnrE. paraneters of specific yield ard
hlntraulic cordrcaivibr. No sigrificant effects resulted in doing so.
Hcmever, irt ttre area near Dff aieel< adjushrents to aquifer tJlidgress ard
storativity htere sensitive, tut did nct, appear to affect, ttre cveral-I
rncde1lirg results. In tlre area of nofth cenb:al- secaion 7, wtrere nodes
I=2, ard J:10, 11, ard 12; constant head bcnrrdaries are 1ocated. An
analysis r.ras made to deterrnine if this tlpe of fcudar1f ucnrld conkilrrte
recharge to tlre.nndel area uncharacteristically. No significarrt fupacts
trere identified ty no\rjry ttris constant, head futtrer to the rro*ll ard
pupirg ue1ls jrr the sorttreast of section 7.

Results

Figru:es 20 ftrcu$r 25 are ir{nt parauete:s for the fritfy calibo:ated
nrcdel. The caljJa:ated urodel irdicates ttrat ttre startirg heads given rnatctr
the steadlr sbate heads ard t}re heads obsenrcd ard/e inferred in the
field,. Figrure 26 strcrus ttrose heads. Ihe calil:o:ated model, r:nden steady
sEate corditions, irdicates the folIcnrlrg frcsn Table 6,

t
I
I
I
I
I
I
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I
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Table 6
Calijrat€d l4odel Results

necnarge.
Irigation rdrrg. ...18823 AF
Leakage to Slf,nbt O<...... 1713 AF
ftnpcttr:anspi-::atim. .22286 IE
ffisrE qrtflcw. O AF
CtlOe sEor.age. 0 AF

Ihe tctal iryrt to tlre npdel i,s Zlr95O AF of rvtridr only 5100 AF is natual
rectrarrge. Of this, 3700 AF is considered frcm the l{dt€s ard Thcsnas O:eel<
area ard 1OOO AF frcm the Galena Fan area. Several attaryts were nade to
incr:ease the nabn:a1 recbarge as it sesred too, consenrative. Hcmever,
heads cculd not be natctred in doirg so. Tfiese values dj:Efen signrificantly
fircsn the rralues deri\rcd r,rsirg the Drrbin-Arteaga urathod. ltrose rralues are
LO 2SO AF frccn Ure Ificsnas ard Vlhites cr:eeks area ard 2700 AF fi:csr tlle
Galena Fan area. Ihis diso:epanql cculd be resolved tryr considenirg a
ccnponerrt of rechargre to tlre hard rock aquifen system t}rat ncst ce*ainf}
elcists in tlre I(ate Peak Forrnation of tlre peAtent-

lltre lealcage to Steamboat fteel< is ccryrteal at 1713 AF $hich is nnrdr less
ttran s}nurprs esEimate of 121500 AF. S|rurp conchded (ora1 ccum:nication)

"-tfrat it'r^;g"difficdlt'to=Eccorit'fcr'a11-ccglponeits of this estfunate aH--i-*r'41^.-....-:
i:rigation pr.actices corplicated it. ltkn:e work needs to be done on tlre
streambed leakage factor conoept, as atrplied jn this shxtlr, jn onder to
fiaftrer ccs@are this modelts estj:nate with $n-urgr's uork. Ihe least
sensitive aspecE of ttris modellirg effort uas tlre recbarge.discharge
relationstrip on tlre valley floor. Head distrihrtions did not drarge
thrcf,r*lcnt ltre nrodelled arba riihen tJre i:rigation apptication r:ates to tlre :' -

\ralLey floor were sigfdficantly incr:.easd or des:eased. Consequerrtly, it
was dj;rficrrlt, to tell just r.Jhat ttre reasonable ::ange of gn:o.:nd water
aiscfrarge is frcm ttris rnode[jJtg effort.

llbble Z ccnpares tlre nurerical nodeUi:rg resrrlts wit}r those of ttte Water
Balance listed in Table 4.

llable 7
Corparison of Water Balance wittt lbdel

7z
730 z
L6z
308

I
I
I
I
I
t
I
I
I
I

Water Balance
lclt. Ftont Rchrg... 4700 AF
Galena Rdlrg. '2700 eF
ottren Rchrg....... 1680 AF
Irz. Rchry.i...... 19750'AF
Etr... ........ 20750 AF
Leakage to Stnbtt,.. 12500 AF
Sotal Inflcm. 28830 AF
llbrta]. Ortf1ov,r..... 34250 AF

l,lodeI
3680 AF
1000 aF
724 N

18823 AF
22286 AF

1713 AF
24227 AF
24000 aF

Difference
2Lz
632
s7z
5z
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As discussed, larTge differences occr.red with reebarrgre frcm the Thcmas,
Vlhites ard Galena areas as treI1 as otber recttarge scnrrces. E\rapo-
tr:anspi::ation ard irriqation reclrargre are fairly close in ccnparison.
Considenirg ttre diEferences in rechargB, the tcttal ilflcr^ls are reasonably
sirnilar. Total cnrtflcn can not be corpa:red as ttre ret Water Bal-arce is
off tpr 16?. Sumnarily, tlre tr*o nettrodologries are conoetrrhrally sirnilar.

WeII Field InEncts

Several trr.urpilg scenar.ios lrere run on the presene ard flrb:re well fields.
Figu:e 27 sficns tlre locations of tlrese uells. fte jnitial corditions srere
dranged in tnat tlre i:rigation to the val-ley floor ms sharply redrced.
This j:r effect, sale that irrigation water frcstr the Tludrce River has been
converted to runicipal use ard that it is used cntside tl:e shrfy area.
fhis is a consenrative scenar.io ard it allcms one to sfuurlate hcry far
readrirg a cone of depression cculd reach. A mass balancel for.ttris
scenario withcnrt pnlpage is fisEed in Table 8 belcw. NoEe tlat rrearly 4OO

AF of cutflcry occurs at tlre consbant head bomdary jn section 7.

llbble 8
I'trass Balance withcnt Rrrpage
. r - -*',! r: -.r:**-4:.r,a-.1j't-.1 . ---!El::-l '-+e: '|!" ;,';.:-::'r ' t'.F;t !s--:lnr:ijtji$gi:ii*:i;;';*:-*3*'-s-

necharge. .... 5126 AF
nr. recbarge 4184 AF
ET... o.... ... 6179 AF
leakage to Stnbt.. 2733 NF
6{ cnrtflcnr .... 398 AF

Ihe preserrt wells bre the gIIvleID WI #1, Wt #3 ard ttre ltrcsnas O:ee]< wel1.
For this si:nrlation ttre pr.upirq r-ates were 300 glxn, 100 gBrn ard 85 g6xn fon
a tctal of 485 gpn annually. Tab1e 9 belcm tists tlre rnass balance
snrmarlz after 2.4 Yea::s of g''qnge.

Table 9
Mass Balance of gt!,GID Scenario, 2.4 yre later

necfrarge. .. 5126 AF
nr. recharge ... 4184 AF
Ctrg sto:age.... ..... 597 AF
EeapoEanspiration. .. 6054 AF
Leakage to Stftrb...... 2685 AF
Ptrpage. 782 AF
@[ cnrEf1cry . 385 eF

I{ost of ttre trxmgnge is denirrcd frcan sta'age (762) r*riIe t}re rest is
derived frcsn a reduction h Ef ard leakage to Steanboat o:eel<. Tab1e 10
lists tlre mass balance after 37.5 yea::s of constant trxlrpjrg ard r.tren
steady state is reaclred.

I
I
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TABT,E 10
Ivlass balanoe of SIITGID Scenario, 37.5 }a:s later

neclarrge. .. 5126 AF
Itr. Recharge ... 4184 AF
Ctrg in storage... o.. 41 AF
Elrapotmnspi::ation. . . 5755 AF
Leakage to S'tf,nbt..... 2507 AF
Prnpa.ge. 782 AF
@V cnrtflcry . 297 AF

Tfris run jrdicates that appro:rfunately 80t of tlre trnlpage is derived. frcnr
tlre reducAion of gn:cnrd water flcnr to the di-sctrargre area ard ttre rest frcsn
storage ard as qrtf,lcnr tnat rurld nonnally flcnr to tlre north. Ihis result
is nisleadirg in t}rat today's irzigation rate is probably 1O,OOO AF nore
so that g:cund waten cutflcnr rufld probably renain constant. What is
iJrportanE. frcsn tlais scenario i-s ttre pnojected cone of depression resulting
fi:crn ttri-s arrEnrnt of p.utpirg

Figu:e 28 strcnp tJ:e projected drawrilcnms for eactr node afEer 2.44 year:s of
contirnrcn:s ;xmpirq ard afEer steady state corditions are actrielred. (37.5
years of plrpirg). Ihis illusb:ates that after 2.4 years of trurpirg a
cone of dqxession develqs with an appnoxirnate rad.ius of L4,000 feet.' llhe cedter node has an average drardcnn of 14 feet.' After 37.5 yea::s:"11r"'*;5-;;!!;es#;e'
cone has a r:ad.ius of atrryroximately 2O'OO0 feet w-ith a centen rrode average
drasrlcnn of 23 feet. Ttris atrpears to be ratlren far readrilg given this
consenrative scenario. Ihe dravdcn,rrs at ttre well rrodes, hcniever, do noE
appear to be relatively deep. It is sumised ttren ttlat this aquifer
qrsten has Icru storativitlz ard nroderate b:angni.ssivity (F):eeze ard Chenar,
]te79)

A secord ppirg scenario'is to look at the effects of g-urpirg tlre
prcposed Piccolo Well located on Foothill Road. Figrun:e 29 strcnls tlre
ef,fects after trr.urpirg 2.4 art 37.5 years (steady state) at, a p.urpirg rate
of 300 g;xn. fhis also illustr:ates that ttre cone of dqlression is far
readri:rg, yet strallcm. Ccngar.ing 1tbble 7 wit}r 1tbble 11 bdlcry irdicate

llable 11
lfiass Balance of Piccolo Scenario, 37.5 1n:s later

necharge. ... 5126 AF
I.tr. recbargre......... 4184 AF
8I... .. 5849 AF
Ieakage to Stnb't,. 2674 AF
Rrpage. 485 AF
G{ cnrtflcm.... o o.,.... 308 AF

ttlat 8OB of ttre gnomd water catrrbre ccrres frcm ET ard Stearnboat ard. 20?
frcarr caprbrirg potential ortflcnr frcsn ttre sfuCy Errea.

A thi3il scenario addresses SPPOots uell located on Holccsib Lane (see
Figna:e 27). Accordirq to tlre rnodel, Figru:e 3O strcns tlre effects of
trllping ttris r^rell, alone, at 450 g6rn. Sris Figu:e ard Table 12 irdicate
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Table 12
Ilass Balarre of Holccnrb Scenario, 37.5 1n:s later

necbarge. 5126 AF
nr. recharge 4184 AF
8r... 6081 AF
I-eakage to Stnbrt,...... 272L AE
Rnrpage. 724 AF
@{ hflcru 584 AF

I

I that at least 808 of the caprtrre is frcsn nortfi of the shxfy area.
I Accodjrg to the nodel a re\rers;r1 of ttre gradierrEs occurs betlreen tlre weII

ard tlre constant head bordarlr. Ihis is to be e4ected given ttre nrcdel
r configruration, initial corditions ard the aquifer geqnebar irr tfris area.
Ir A fjral scenario is to pnp all wetLs shcnrn jn FigLEe 27. Itre

pupirg r:ates are:

I sII"xGrD wt #L......... 3oo gpn
SIIVXGID WI f3 .... 100 96xn
Ihcrnas O:eek. 85 gpn
Piccolo I{eII. ... 300 gSxn

Dorble Diarrcrd NortJr. 300 g6rn
-:3:1 S?PPO Holccsnb WeIl-';-450 ggm'="--

Tota1...... 1535 g6xn

I Table 13 shcrus the rnass balance after 2.44 years of Surpirg beginniry jrr
I 1990. Ihis bdicates tlrat of tl:re 2476 AF pnped | 3OZ is denived frcsn

sto::age, 418 is captturca fircun ttre aischarge area, ard tlre balance i-s '

I derived frcsn qrtflcrir to tlre nortl. (neanirg a gradient reversal). Aft€r .'

I 37.5 years of plrpjrrg, the gnomd water systs tras reaclred a neErr steady' 'r state cordition. Table 14 is tlre'nrass balance resultirg fi:cnr ttris
scenario.

t
llbble 13

Itlass Balance 1990 Scenario, 2.4 1a:s late

Rectrarrge; .....5126 AF
Ir. recharge .4184 AF
@{ inflcm. .... 277 AF
Ctrg in sEor:age.... 790 AF
ET... ....5252 AF
Ptmpage.
I-ed<age to S.fubrt,...2648 AF

I
I
I

t

I
I
I
I
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Table 14
l{ass Balance 1990 Scenario, 37.5 1a:s later

necharrge 5126 AF
Dr. recharrge 4184 AF

. 6{ inflcnr. 407 AF
Cfrg in sEorage... 50 AF
8I... ... 4855 AF
Ptltpage. 2476 AF
I-eakage to Strnlrt. . 2436 AF

Itris irdicate that 65? of ttre *prtt r" is fiur ET ard discfrarge to
Steanboat O:eel<, gcund wats inflcnr frcsn the rn{tr i-s 322, ard t}re
raner:irder (38) is sEill derived. frcur sto::age. Figu:e 31 iI}-:sb:ates tlre
effects of pmpirg after 2.4 ard 37.5 yea::s based on this consenrative
scenario (a siqrificarrt reduction in i:rigation). ocureariry this figrre
with previcus fignres irdicates that the cnrerall &:a$rclcr.rns,do.norE, dirfer
siqnificarrtly. Orc canld infer ttrat rcsE, of ttle gradient, reversal in
section 7 is caused ty the SPPOo well, r,r?frich shculd corp as no sprise.
ecund water furpacts are sigrnificant in tlre scuth shrfy area (rcnr 12)
considening tfris distance frcsn the well field. fhis is prirnarily caused
ty the relatively poor tr:ansnissivities i:r this area, the inpedence to
grolrd water flcw caused by the Lancer Fault ard ttre lad< of rectrargie frcm
the Steamboat Hills.

Conch.:sions

1. ldcnmterjn Flont rectrarge to ttre alhnriun nay b ru.rdr less than
previcn:sly esEfunated. Itlis nay'be [z as ruch as 50?. It can not be
determined, .fi:cun tlre jlformation at frard, hottr mrctr tlre hard rod< pedi:rent
is recharged.. If ttre allrnrial portion of tlre pea:m:t i-s only recharrge
5000 to 6000 AF/llR, runicipalities rn:st give sericus consideration to
Ifudted grcmth deprdent on this rescR.rrce.

Flcnr rret arnlpis rnay stred sorc 1i$rt on inflcnr f::cm tlre Galena area ard
ttre carryon mcnrttrs. Additiornlly, it is pr.obably jnaccumte to assture that
nrn:ntain f:rcnt recharge only occu:s at ttre caqron morttrs. I\rbre work
sttculd attenqrt to lool< at ttre mcnrrrtain front faultirg as a rectrargre area.
A conoept wcnrld be sfurilar to Figue 12. If this,:irdeed',the case, ncre
inflcnr rIEIy occur h the Dry O:eel< area. Iflis rnrld tend to bolster grolrd
water movsnent in tlre nortlnrest shrfy area. rlcsn tlre nndelli:rg it was
dieficult to rsrre gromd r^rats to this area ard is probably wtry it is so
sensitive to aquifen pauaneter estirnation.

2. $:ansdssivity ard stor:ativity values irdicate tnat lnrrricipal p:npirg
has sfiallct,I, hrt areally w'ide effects on the alllnrial aquifer. fhis is
based on tinitations of the urodel. It does nct, considen loca]-ized
heterogeneity or deprh of trrfipi:rg, IleII efficiencies ard such. Thene
cannctt, be too, unrdr jJlpo*ance placed on this conclusion as par:arrets
ebkilrrtions are poorly r:nderstood especially sbomtivity

51
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3. Ihe Scut}r Tludcee lGadcrus cculd be considened a distinct, basirr frcsn
tlre North Tfud<ee I'Ieadcrys. Ortflcnlr frcsn the ScnAh to tlre Norttr via
se<*,ion 7 is ncrE, rell understood ard possibly ocslr^s at tlre rate of
200-300 AF/]R.

4. Water levels are effected jn tlre sorttrern portion of the rrcdelled area
frcm nort}lern production wells. Itre delfing s4ports field evidence
that a sigrificant drarge in bansnissivity occuL's in sections 29 ard 30,
T.18N., R.20E. The Lancen Farflt also acts as a ba:rien to flcnr. Ihe
Steamboat Ifilb p:obably offen little recbarge to tlais area so tlrat gro:nd
water rnwsent i-s ninjrnal.. Figrr-:::e 9 strcnp tlrat the gr:adient in this area
is ancsnalcusly flat. Oonsequently, pnpirg in section 19 will cause
dravrlcnms jn tlre scutlern areas. Ihis has fuhre ooncerns given the
geoEhennal activitlr associated w-ith tlre llrd h:eccia Fault.

5. llhe rral.ley floon has interestilg, ccnplicatirg ard not well r.mdenstood
hlnlraulics (crther than ttreoretical cmcepts). Because of it beirg the
aischarge area ard itts size, the nrcdel strcns little sensitivitlr to ir{xt
par:arete!:s, etc. t3ais *ufy offens little insi$rt. lllre area can
aiscbarge lalgre fluc r:ates of grornd water. The npdellirq does irdicate
tbat Steanboat A:eel< is a gainirg strearn.

6. The area in ard arcurd D::f O:eel< is sensitive {r to alltwial depth,
peneafilities ard sto:ativity. Ihis area is a weak point in this
partiorlar nodeUirg shtdy. ft ccmes as no sr4xise as it is the leasE.
understood area ard has the least anrnmt of h1&ogeologic data.

7. llhe Lancers Fault appear:s to divert grcmrd water to the norttr to scsrc
degree.

8. Wide scale pnpirg f::cur nnuricipal ve1ls affects a sign:ificarrt area.
D:alrlitcnms, hcweverr'are relatively stral.lcm. Ihi.s i.s relatively good. nerrvs
for horecnners. Prnrejng 508 of the esEirnated WE:adiert rectrarge i-s a
relatively liveable scenar.io for cttrer us€lrs. ltlrne work rmlst be done jn
onder to detemrine the effects wtren i:rigation ceases ard of ttre possible
geothenral cosequences.
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@I{C[.;USTONS

1. ecRrrd water rectrargre occurs principally in tlre Ca::son nange ard ncst
probably abore 6000 feet in elerration. llcnrsnent is generally ea.strrnnd ard
aiscnaryes in ttre neadchts thrcusr e\rapotr:anq)i:ation ard by aischargiry
into Steamboat O3eel<. mrcn$r an accorntirg nass balance ard ftcnn
nr-unerical modellirg it atrpears that gnomd r^rater recharge to tie Scnrttr
f)rrdcee lbadcnls is of tlre ::arge of 5000 to 7500 acr:e feet, per year.

2. $rface waten bflcry to ttre Scuth f::ud<ee llbadows dring 1993, an
abcnre average year for precipitation, was reasrn:ed at 1091000 acre feet.
Suface water cnrtflcnr tns reasured at 1201000 acr:e feet. Ihe inrbalance is
frcrn grourd water aisc}rargre into Steamboat eeel<. Sixce L984, i:rigation
diversions ard p:actices have been significarrtly altered so tiat rnrch less
Tluckee Riven watef enters the neadcms area. Itris acconting stlould be
revised with respect, to ttre lJbility Division reconds.

3. Little ifforrnation e>cists on ttre octerrt, of a harril rocJ<'aquifer in the
Kate Peak Fonnation. Ihe prodtrction capacity of ttre S'II"GID #4 Production
Well irdicates tnat, this Qpe of aquifen oci.sts ard cculd possibly be
fidh.er develcped. oonsiderable erpense lrculd be reguired to better
delineate this aquiJer. It is probabty Urrlrcd to tlre Stearnboat Sprirgs
Geothennal Area to scure o<tent.

4. Ihe suface ard grcnxd water tlrat originates in ttre Cat:son Rarge is of
occellerrt quality. Poor quality water occul's in the ofirenre scnrttreast. of
the Soutlt $ruckee ltbadcws. fhis is a result of gromd vaater beiry oposea
to hydrothennally altered rocl<s jn tlre Virginia Rarge. 6:cund water
Erality deteiorates to tlre norttr ard east of the Stearnboat AilIs due to
geothennal influence. Uds body. of vnrk does nct, address ttre geottrerrnal:
area. EVidence does stryport a generalized tlreory that geottremal r,raters
migrtate l4l'alorrgr far-rlt planes, nixirrgr wittr lcm IDS waters in several areas
of tlte South Drrckee ltbadotrls. Ihese areas shculd be firttr.er irvestigated
in onden to najntah good quafity wate production in nn-nricipal ard
domestic wells.

5. A calil:mted rnmer.ical nrcdel of a portion bf ttre Souttr ffuckee ltleadcne
was consfrusted. Ihis USGS two d.irnensiornl npdel s4ports the estimated
grorrd water recrrarye am discharge rate of abcnt 50oo ao:e feet,. The
ncdel was sensiti've to aE:ifer tfridmesses in ttre norfJ:raest of tJ:e sfufy
area lvhere little p$tsical evidence can sr4port ttre asswrptions rnade.
eound r^rater aischarqe.to Stearnboat eed< was nst well caliln:ated.

6. This lpdel- was used to predict tlre long telm effects frcnn rm:nicipal
pLurpirg. Ihe rnodel predictions jrdicate that as a result of large scate
municipal plrping, strallcw, hrt areally wide effects on the rsater table
will occrr. In a general sense, Uais wiII ncrt, signrificarrtfy inpact,
dcsnestic weIls irt ttre Scnrth Ittrdcee tlbadcrus. Water levels in tlre scuttrern
portion of ttre ncdelled area were significarrtly lcnrcred. fhis is in ttre
area of section 29 ard 30, T18N R20 E.
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7. As with all rn-merical npdels, there are limitations to these
predictions because of poorly urderstood hydraulic par:arcte!:s ard urilsrcnn
Iithologries in ttre shrfy area, parb,iodarly in tlre nortlnnrcst.. Flnfhen
irwestigation of this area wculd significantly irpr.orc the urderstard.irg
of ttre gord water flcru systal. This investigation r,rcnrld entail
geopfrysical work ard hydr:aulic testirg of ttre aquifer. It r{urtd be
pn:dent to also investigate ttre l(ate Peak Forrnation in this area if a
dri[iry proge:am vras trr:rsued.

8. Ad\rances in rnqrenical rodelling tras progressed to ttre point of
jus'tifyiry tlre e4lense of constn:ctionjrrg a ne$r gord wat€r nrcdel of ttre
Scnrth f5nrcJ<ee llbadcnrls.

I
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FT'ruRE IMRK

Several areas of ttre'Scnrth Tlruclcee tUeaacrus need considerably ncre
irwestigation in order to rrcre acorately understard ard nrarnge ttre grcn:nd
water rystsn. A better uderstanairq of the q/stelrt will rurre acan:ately
identify tlre o<tent of tlre res€nl:ce and therefore allcnr for rore efficient
rnanagenrerrt of gn:o.urd water Fnnrpage. It is also inportant that geottrannal
waters do not nign:ate tcnnrds nu.nicipal ard dcsrEstic wells due to poor
placernent of flrhre rclIs.

Ttre fj::st area of futu:e sfufy sfiodd be directed tcnnrds tlre norttrwest
trnrtion of tlre peaircnt. Itlis is an area rvhere ttrere is vi:fi.lal1y no
subsLrface inforrnation, particularly sections 14, 23, 24 ard 27, T18N
RL9E. It is anticitrnted ttrat tlds area vrill be an area of fuLu:e water
srypfy oploration. For modeltiry pnryoses, ttre geology rteeds to be
urderstood ard hcrr it affects Uee general rnovsnerrt of -gn:ond wate. A
geotrfrysical srrvey wculd better delineate the a1luvial thicloess ard
direct, future driUing. lftre drillirg proga:an wculd detennine ttre
feasibility of nunicipal weII sitirg, substantiate the ge@ry'sical results
ard allcntr for grcn:rd water tonitorirg if the oploratory boretroles were
ccrq>'leted as nonitorirg wells. Itris area shculd be a tcp prioritlr.

Ihe secord area of shxfy r^rcnrld be tcnnards modeUing ttre georttrennal area
located at Stearnboat lfi[s. Ifl.is cculd possibfy enable r:s to better
urdeastard the gomd htats fhnc rate tlrrcu$ the systam, vtrere ttre
recharge to the si/sten occurs ard to better delineate all of tlre areas of
ttre geottrerrnal discharge. trais is jryontant wittr respect. to rnaintainirq
good. water qtlalit)t in mr-lricipal ard dcrnestic welIs.

Ttri:rd,, nore r^tiork shoutd be directed tcnnnds tlre rneadcns area. Ihis r,rrculd .

be to better delineate tlre rntto:a1'gn:ourd waten discftarye area, frrttrer'
sr:bstantiate tfre ajscna:rge iates to Steanboat O:eel<, identify:i'raior
faulting ard or cliTrlacanent of the ttlf,e;lrocktt floor ard to identify
gectthennal aischarge areas if arryr. A runenical model shc'uId be
consbucted of the readcns area to fllther or uderstardirg ard for
firtu:e nanagsnent pa:actices.

Also, a IIDre detailed gcnrnd waten nndel shculd be constrtrcbed. Ifds
rnodel stlculd be able,to better detail that the p::evicus noodel'atterpted
to estfunate. Ihis $rcnrld trnrficularly be tlre ga:omd r^rater flcw qrstan, ttte
quanLity of ga:olrd vrate reclrargre ard to better predict, futr.u:e fupacts
fzcsn nunicipal rutpirg. l3ris model hzculd becctre a recognized tool for
gro:nd waten managsnent in ttre Scuth Tluc*ee Ueadcffs. Fila1ly, work
shctuld begin to scsos ocbent on vier'rjng ttre haad rocJ< as anobtren aquifer
for gn:o.rrd. waten rescnrrce erploitation,
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I APPENDT.E'
IN SFERASE BN{DER,

I
I WeII data used in piezorebic naps

I 
WeII data for geotherrnal. secfions

Cheni.sblg data for wells

I 
Grerri"sUry data for su:faoe waters

I 

Electricaf Resjstivity Scnmdirg data
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1.

2.

3.

4.

5.

5.

SIM PUMPING TESTS ST]MI'ARTES

SEvGD PW # L
a. well depttr = 530 feet { screen = 260 fr.
b. pnpiry r=rte = 600 g6xn 0 48 hcrurs
c. T = 6800 $fi|ft, K = 3.5 ft/day, sc = 7 gg{ft, s: 0.0002
d. alluvial aquifen (700 ft to bdrk), flrLIy peneb:atirg'for anal1reis

S'IIVGID Wl # 2
EI; well depttt = 515 feet, flso:een = 250 feet
b. trn.urpirg rate: 250 gpm e 24 hotnis
c. T = 2500 gFd./ft, K : 1.3 ftlday, SC : 3 gprn/ft
d. allrnria1 aquifer (700 ft to bdrk), ftILIy penetr:atirq for analysi-s
e. ccgr[rents

. 1. Aquifer is probably parf,ially sealed frcrn bentonite inbrusion
dt.rjrg driflirg cperations.

2. Use rralues frcm PlV#l as drill orttings similar

a. weJ-I depttt : 590 feet {saeen : 34O,feet
b. fx.urpirg late = 500 gpn G 48 hcnu:s
c. T = 7000 gFd./ft, K : 2.8 ftlday, SC = 5.9 gpn/ft
d. alluvial aquifen (700 ft to bdrk), ftilly peneb:atirg for analysis
e. ccrrments

SEVIGD WI # 4 ($avrcnrridge)
a. weII detrrttr : 831 feet flscr:een = l-30 feet
b. prrlping rate355/246 ggrt e 24O houn:s
c. T = 1500 gpd/ft, K = 1.5 ftlday
d. rod< aquifer
E. CCEIIIIEITES

1. good tesE., no hard rrccJ< obsewation data

a. well depLtt :760 feet Vs<r:een : 350 feet
b. purpirg rate =885 gpn 0 72 hors
c. T = 261000 gpd/ft, K: 9 ftlilay, SC : 16.7, S = 0.0016
d. a11rryial aqdfer
e. cqmerrEs

1. obsewation data needs work t4r
2. re*rrork data, include st€p tesE,

SIIIGID WI # 6
a. weJ-I depth : 65O feet flscr:een = 390 feet
b. 1xlrpirg r=rte = 1207 g6rn e 72 hcta:s
c. I : 46,000 gpd/ft, I( = 15,8 ft/dayl SC = 23 gpnlfr., S : 0,0012
d. a1llnrial aquifer, stroos fcnmary effecf (fault)
e. ccrllrEnits

1. rework &b, obsenmtion well also
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7. IrlVfIP WeIl
well depth : 237 ft {saeen =160 ft
;n.urpirg rate = 36 gpn for 24 ho,t's
V 420 #{fr, K = 0.35 tElday, SC = urik
Rocl< aquifer
Ocsrunents
1. aquifen affected by recfrarge fomOary (suface water)

Piccolo WeII
a. welJ- depth : 360 fE w/ screen = 2OO ft
b. plmping t:ate : 427 ggt e 72 hr

T: 101000 gpd/ft, K = 7 ft/day, SC = 7.9 gpn/ft, S = 0.0006
allurial aquifen (700 ft ?), 1nrtial peneb:ation
cqrmpnts
1. good test, with mnitorirg wells

9. I'fE. Rose Reptacanenf Well
a. weJ.l detrrEh : 223 feet flscr:een = 90 feet
b. trrlrpirtg l:ate : 400 g6xn € 72 hctrs
c. T = 81500 gpd/ft. K : 12.6 ftlday, SC = 8.3 gpn/ft, I 0.0025
d. hard rocJ< e 170 feet, screens e U0-210, tT^,o aquifers

L0. Mt. Rose Cirden Well
weII detrrttr = 802 feet fl screen = 380 feet
prlrpirq rate = 625 gpm @ 44.5 hours
T = 22rOO0 gpd/ft, K : 7.8 ft/&y, SC = 100 gpn/ft, S : 0.0005
bottcun 250 feet in cirder deposits

11. Tfunberlire Estates l4ain I{eII
a. 'weII dept}r :236 feet flscn:een d1 feet -' -

b. trrlrping rate = 200 gpm @ 48 hors
c. T = 1500 g€/ft, K: 3.2 ft/day,'SC: 1.5 gfm/ft, S = 0.0015
d. Atltrtrial aquifer, pr{ial penetr:ation, flcruirg well

Tjmberline Estats Bad<-rp Well
well dep'ttr = 44O feet flscr:een = 280 feet
ptlreiry rate: 70 g6rn @ 72 horrs
T: 1500 g$/ft, K: 0.8 ft/My, SC = 0.9 ggrn/ft, S = 0.002
Allrnrial aquifer, parEial penetr:ation, flcnring well

13. Double Dianprd Nortlr Well (DD-l)
a.' well detrttr = L84 feet {scr:en : 722 fet
b. prfipirg rate = 250 g6xu € 72 ho.n:s
c. T = 111600 gpd/ft, K = n.5 ft/dayl SC = 8.1 gptr/ft, S:0,00025
d. A[u,:ial aquifer (151 ft to bdrk), firIIy peneb:ating
e. ccsxuents

1. tlro trnlrpiry tests ccurpleted

cl.

b.
C.
d.
e.

8.

c.
d.
e.

a.
b.
c.
d.

L2.
a.
b.
c.
d.
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15.

16.

t7.

18.

19.

Dcnrble Dianrrd ScRrth WeII (f2)
a. weII detrrth = 428 feet, flsaeen = 314 feet
b. pnrpirg r=rte : 650 gprn 0 72 hcnrs
c. T:!21600gpd/ft, K:5.4 ft/dayr SC=11 gEn/ft, S:0.0018
d. alhnrial aquifer, parf,ial penetr:ation
e. cc8[nents

1. bm tests nn

Nsv Surrise Estates #1
well detrrth : 375 feet {scr:een =140 feet (scr:euryz design ! )
trr.uping rate : 205 g6m €. 72 hors
T = 22OO gpd.rft, K = 2 ft/day, SC = 1.8 g6rn/ft, S : lG,
alhnrial aquifer, leaky, strorgly aniscrtropic/heten, partial pen

e. ccfi[nerrts
1. Washoe Ocrurrty tesb resuft (as cAposed to Norkrs)' 2. unrdr weII nonitorirg &b, ht difficailt to anallze

Ner,l' Sr:nrise Hates #2
a. well detrrtb : 343 feet {scr:een = 209 feet
b. trrlrpirg l:ate = 205 gpn @ 72 hors
c. T = 3000 gpd/ft, K = 1.9 fE/My, SC = 1.7 gprn/ft, s =tG.
d. see abcnre
e. ccnunents see above

D:ans Sien:a l{ells #1-4
a. well depttr rarge frcm 105 - 188 feet
b. production trl.urping t:ates are fi:cnr 200 to 400 gpnr
e. no reliable T ard S rralues (Q rneter suspecl)

Steanboat Water Oo. Well #1
a. vrelI depttr : L44 feet flslots : 84 feet,
b. p.urpjrg rate =185 g;m @ 14 horrs
c. I = L7,000 gpd/ft, K = 16 ftlday (T/LA} ft), S = 0.oO0B
d. alluvial aquifen, pa*ial peneb:ation
e. comnents- recharge fcunAar':f

Steamboat Water @. Well #2
well depttr = L44 feet flso:een = 40 feet
trllrping r:ate : 240 glm @ 72 hcnn:s
T : Tl r4O0 gpd/ft, K = 16.6 fLlday (T/LAO ft), S : 0.0004
allrnrial. aqulfer, paftial peneb:ation

e. comrEnts - recbarge lomoary

Darcrfte We1ls
a. well depth = L57 feet flscr:een = 55 feet
b. pryirg lrrte = 500 gpn € 24 hcnrs
c. T = urilsrcnvn, brt pedaps 20,000 gfrr/ft
d. allurial aquifer, par{ial perreb:ation
e. no test data at this tirre
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2L. SPPOo's Holcccnb WeII
well depttr : 340 feet flscr:een = 188 feet
trxltpirg r:ate = 973 g6xn,tested e 813 gprn € 48 ftr:s (?)
F 141100 g$l*., K= 10 ft-/day, SC : 18 gprn/ft
al}uvial aquifer, partial pelreb:ation
cclmnents- no [xlrpirg.test data frcm SPPCO

22. SPPCo's }tuffal<er I{eII
a. well deprth = 313 feet flscr:een = 165 feet
b. pfipirrg r:ate : 999 g6xn € 48 hcnrs
c. T = 181300 gpd/ft, K= 14,8 ft/daY, SC =
d. allrrvial vell, partial penetr:ation
e. no fnlrpirg test data

SPPoo's virrginia I{eII
a. weII detrrth = 286 feet w/so:een : 164 feet
b. gr.:rrpirq Ecrte = 1069 g6rn e 105 hqn:s
c. T:2or4O0 gpd/ft, K:16.6 fElday, s={.0014sc = 18 gExn/ft
d. allrnrial well, parEial peneb:ation
e. no trx-uping tesE data

SPPCo's Delucctri WelI
a. well depEr = 323 feet flscr:een = L94
b. trl.urqling rate = 548 gprn e 48 hrs
c. T : L2t5o0 gpd/ft, K= 8.5 ft/My, SC : 10 g6rn/ft
d. allrnial veII, partial peneb:ation
e. no trupirg tesb data

SPPCots l-alceside WeIl
a. well deSrttr = 400 feet flscr:een = 220 feet
b. p.urping rate = 900 gpnrr e 112 hrs 1 '" 

.

c. F 24,000 gpd/ft, K= 14.6 fLlday, ' '

d. alluvial/hard rod< aquifer (?)
e. no purpirg test data

SPPCotc lvleadcnrridge WelI

23.

25.

26.
weII detrrth = 47O feet flscr:een : 2LO feet fl50t blarik
trllrpirq rate : 300 g6rn (?), tested e 200 gpm @ 118 hrs
F 131000 g$,/ft, X= I ftldaY, SC = 3.5 gprn/ft
hand. rocJ< aBLiJer (?)
rro p.urpirg test data

a.
b.
c.
d.
e.

CLo

b.
C.
d.
e.
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29

30.

27.

28.

33.

oRlHr w #t
a. Well deprltr = 627 feet {casirg to 595 feet
b. prrcduction rate =
c. I[praulic=
d. aqu:ifer tlpe

oR[stt wl #2
a. Well depth : 530 feet {casing to 495 feet
b. production rate =
c. hyd::aulics :
d. aquifen tlpe

ORI\AI wt #3 (?)

ORDBT TN #L
a. ulell deprth = 1640 feet flcasjry to 322 feE
b. injecfion ::ate
c. hldraulics
d. aquifer types

ORI\BT TVI #2
a. well depttr : L4L4 feet {casirrgr to 730 feet
b. injecfion rates
c. hyd::aulics
d. aquifer tlpe

oRttrr II{ #3
a. well deSrttr : 600 feet flcasing to 400 feet
e. ccmnerfts= rro testing done

ORPIAT CJII #L
a. well depttr : 626 feet flcasirg to 160 feet
e. ccnr[rEnts- no testi.rlg done ?

oRIryI 6N #2
a. well depttr = 57O feet flcasjry to 97 fet'
e. no testirg done ?

ORI{NI CltI #3
a. weII detrrttr : 966 feet flcasiry to 99 feet
e. ccmnents- rto testirg done ?

31.

32.

34.

35.
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36. Yarikee Caithness WI 28-32
a. well deprth = 3031 feet w casirg to 1460 feet
b.
c.
d. hard rod< aquifer
e. ccrmprrts

1. pnodtrctrion zone @ 2315 feet

37. Yarkee caithness P[v SS#1
a. well depttr : 3073 feet {casfutg to 1322 feet
b.
c.
d. hard rcd< aquifer
e. ccgnnents

1. prcducfion zone € 2250 feE

38. Yaril<ee Caithness PW 23-5
a. well detrrttr = 3022 feet w/casrrg to 1496 feet
b. pno&rctrion r:ate : 3751000 llm/hr
c. productivitlr irdor = 5830 th/hr/psi
d. hard rod( aquifen
e. ccfi[nents

1: Podr:ction zone 0 2315 feet

39. Yarikee Caithness W 32-5 (prcposea)
a. well dePtlt =

40. Yarkee Caitbness P!{ 83-6 (prcposed)
a. well dePttt =

41. Yanlcee Caithness II{- Oo>< : ': ..':
a. well depttr = 347L feet w/casjrg to 1786 feet
b. injection tate : 27O .OOO llm/hr
c. injectivity jrde>< = 361400 l}rn/hr/psi
d. hard roct< aquifer
e. ccsxments

f. injection zones e 2100 ard 3100 feet

Resenrcir Prcped,ies
SBH1
a. effectirrc water T = 5805121 MD-EI/CP
b. effective water K = 552L36 MffT
c. effectirrc lrnter P : 276L W

effective water T = 4845395 IqfEf/CP
effectirp rsater K : 460855 l,lD-Ef
effective r'rater P : 23043

srz
€lo

b.
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