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The system of numbering wal ls
based on the cadastral angd-suarveay syatemn of Lhe .8, SN B YRl

2 * \ g e o
and has beern used by the U. 5. Geologlical Buwovey  an Californis

since 1340, Wells and sorings ar* assigned an acentativation

pumber based on their iocation infihe lanc net,

By the land—-survey syster the arsa of Ingian Wellis  Yalley
ang all township-ranpe designations Found in this reoof, laie

entirely within the southglst puwadrant of the Mount Diap.o  Dase

/
lire ang meridian. Q V

Numbers de i;n&tib@ 7&9 township armd rangs {(in that orcerd
k!

are abb%eviat&d,mh tphfe Fi\Fst part of the location nunber. T owell

located in  townsiVip V7 soubh ang  vang® 498 @asmi weuio be
desipnated as i . QJas shown in figwe 1. The townsh.o-ranpe

designation ﬁbi&dlﬁwed by a dash whieh separates the Hownship-

.

ranpe desipnation Ffrom the section numbery  ans & 46 are
subdivision. The rnumber wnich denotes the sactitn within .

township follows the dash.
The sention is  further broken down  anto Ffordgy Ay

subdivisions which are alphabetically labeled starting witih  the
riovrtheast corner of the section and ending with  tTHna  ssuwin2ast
corner. The letters "I" and "0" are omitted iy oroer to avolo

confusion, ..

. . . " - ‘ ‘.
Withirn this forty aocre tract, wells and sparings are rumberso

serially as are desiprated as such by the Fipal oigit i bhe

iy

jocation number (Figw e 1),

R e Rt
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Well-Numbering System

Wells are numbered according to their location in the rectangular system
for subdivision of public lands in California. For example, in well. number
26S/39E-24K1, the number and letter preceding the slash indicate the township
(T. 26 S.); the number and letter following the slash indicate the range
(R. 39 E.); the number following the hyphen indicates the section (sec. 24);
the letter (K) following the section number indicates the 40-acre subdivision.
Within the 40-acre subdivisionm, wells are sequentially numbered in the order
they are inventoried (1). The area covered by this report lies enti?ely in
the southeast quadrant of the Mount Diablo base line and meridian.
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ABSTRACT

The geochemistry of groundg-water in Indian Wedin Valliey was
studied utilizing water analysis available From the . 8. Geologi-
cal Survey supplemernted by samples taken to  increase spatial
coverage or from sowsces which possibly had some  dufferent

ochemistry.

.
\

The ground-water system of Indian Wells Valley and wicinity
is complex. Using a computer olassification wf  waters by
prinei;al cations and anions, of #5954 water types possible some 585
opcur in the area. By prouping similar types of water topether,
the Ffollowing major water types were mnapped: (1) Nlpins Waters
(Caleiuvm—sodium—magnesium/ — bicarbonate type) ocharacteristie of
the mouhtéihoug areas; (&) Sodium—ehloride Waters, oharacteristic

of the Coso Geathérmal rea, China Lake, aruy parts of

southeastern Ridgecrest; (3) Bodiwn-Larbonate Waters, one shallow
well at Coso Hot Sorinos and the southwestern portion of  Indian
Wells Walley; (4) GadiuMnbémawbonata Waters, wccuwrmﬁgifgﬁﬁ west
of  Inyokern, north to the southern bouncary a% tmwnéﬁip 255 andg
south to Michelson tabor—atorys; (5) Sadium—ﬁiﬁarbmnafe—chlawida
Water, between the esastern edpe of the area "R", sod i um-
bicarbonate water and China Lake flaya, ;aprasehtiﬁg mining of

-

easterly moving sodium-bicarborate grodand-waters  with  pround

waters of China Lake Playaj; (&) Eul fat-ég Waters from minsralized
area, pecthermal areas, andg aewgﬁaga poni seepapt (shallow waters
of  area "R")y {7) Little Lake-Lumber Mill WKaters which are

calcium—(sodiun—mapnesium) ~bicarbonate—chioride—(sulfate) . Waters

which occur from Red Hill irn Rose Valley to where Brown Road

=)
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turns west in Ingian Wells Walley. These wabters probably
represent a mixtwre of Alpine ans Coso Beothermal Waters, andg
Deep Rose WValley Waters; (8) The waters of the wall fields.
Usually sodium—ecaleiunm, but sometines valoiuwm—-sodium-bhicardonate—
ochloride Waters. These waters oouwld reprasent Alpive . Waters
concentrated by evapobtranspiration mixed with sodium cnlmfiaa

geothermal leakage.

Vv Beothermal leakgge into Ingian Wells Valley wocours from
moso, areas west and just north and south of the maiwvn gaté of the
Navall‘weaponavCenher, the southwestern part of the valley, aril
Haystaéh in Spanpleyr Hills.

Thrust fFaulting in the Siarras, the Coso Rangpe, the Argus
Range, and under the valley, provide other avenues for subsurface
inflow. "iData irdicate significant inflow into the valley From
Rose Yalley. Inflow from the Sierrian Granitioes is'gndicabed by
the ITungaten Feak Mipse whioh made 170 acre feet of ;atmw-a year
when in operation, Re,a igdes svaporation from China Lake !37.} aya ang
transpiration py plants, other poszible losses from.. the . wvalley
are subsurface outflow to Searles Valley through Bait Wells and
Poison Canyon and Interbasin flow to Searles Val}ey penwsath the

Argus Ranpe.

.

With the exception of a few wells in Hhe Ridgeorest field,

water guality bhas changed little with:timanﬁ Bater guality may
improve, deteriorate, or remain ca%atan{_with'ﬁépth.
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INTRODUCTION

This report summarizes the resuwlts of a study ‘of  the
necchenistry of mproundwater in Indian Wells Yalley suppOfted by
the Eastern #Hern County Resources Conservation Djﬁtrict,
California. The most important resourne of Eastern Kern  County,
is the human resouwrce. However, the humarn resource is 'totally
dEp?ndent on water —~ for culinary purposes, for agricultuwre, for
industry and for servioes. Kater supply problens h&ve the
potential to becone severa in an arid region such as the Mojave
Desert}‘ For this reason the Eastern Herrn County Reﬁouwcés Con—
servation district in 1986 commentrad a study of pround—-water, the
principal souwrce of water in Indian KWells Valley. Bround-water
stugies have boen made in Indian Wells Valley since those of Lee
(1813) to  the present (see the following section). The
Conservation Districet, howaver  realized that ai% the prior
studies wers "classical”. That is there were more and M well
saundings and water analyses, often taken carelessly, without
quality control, and with conclusions drawn from the:«:?:atei -ch the
study of that time, perhaps with references t& aaﬁlféw studies.
The Conservatiorn District realized that grwuﬁd*ﬁatﬂr is but  one
component of the local gealogical’ ehvivnhmaht ang that %o
adequately understand Qwouﬁdwwatevm,the t§t¢1 peclonpical ernviron—-

~

ment must be understood. For that reasch its programn ineluded

- P m

studies of structural peoclopny (Hérd-ﬂégtin){ angd shallow beat
flow {Beothermal Surwveys Inc.d, antd this study of water
geochemistry <(classicall,  and water isctopes, As  far an  the

writers know, this is the first truly integrated study of a

mround—~water system in a desert basir.



Indian Wells WValley is located in eastern Hern Lerouviby,
southerys Inyo county, and northweztern Sar  Bernardivo. moﬁhty
{Fipure 2)a The principle settlements in 1he area are
Ridpecrest, China Lake, Inyokern, ang Little Lalke. whe larpest
employer in the area is the MNaval Weapons Center, nammis&ionad in
1943, 1t employs approximately 4, @00+ civilians and abﬂuf 1, 2@

military persormel.

CLIMATE

k)
)

Clgmatolagical data was obtained fFrom the Final
Environmantal Impact Statement, Froposed Leasing withan the Coso
Hinown Geothermal Resource Area (BLM, 1880, pp. 2-3 - 2-7). The
climate ?f Indiarn Wells Valley is typical of +the southern
Califmrni; 'high gesaert region, is charanterized by?gut BSUMNE Sy
cool to cold winters, large diuwrnal temperature ”éhawgea, {ow
humidity, and little cloudirness or visibility restrictions other
than occasional blowing dust. o

Local topography i3 an imnportant olinmatie %&étab. The
Siew;a MNevada mountéins to the west form a pawriew to passing
storms and frontal systems, and create a rain shadow &Ff@ét. The
air is warmed as 1t descends cown the'ime-éaee of these mountains

. - "
antd the potential for condensation is decreased. A a resuli

precipitation wvaries from twanty?tu'f@?ty—f&xé inches on  the

fh

windward (west) side of the Bierras f% less than tew  inches
anmually on the east side. Armual averape precipitation ivn  the

center of the Indian Wells Valley is about three inches.



36°00°

a0’

\s

118°00° 117°30°

Y T
OWENS
LAKE

108
e CENTER _ BOUNDARY | ANGELE
2 2 .
-2 S :
<< " Appreximste l
‘;‘."-I beundary ef —
grouand-wates degin '
_JI COS0 RANGE z i
s /Y gl
> =z s \ 3
[
: 2 7 72
> K l
) Little Lake . (2 I
\#|
\ Vi
_iwvoco | '"‘l'ﬂ-.!‘.'-ls -__-.___r.
KERN CD lu-u CHINA -I'n
LAKE} I
\ VALLEY

\ _._._3‘3 w), ’-
.. Rdgecras

SEARLES
VALLEY

Location of the Indian Wells Valley Ground-Water Basin

Figure 2
8a

10 RILES




The Bureau of Land Management has developed a formula  to

\e
' predict srnowfall based on elevation:

1.5 -5
Y = B, 857 % & * 14 * X
Where:
X = slevation in feel
Y = the averape armual srowfall in inches
The corrielation coefficient was O.0(4. Jobhn Hoynel
{Metaeorologty Department, Wriiversity of Ut ah, parsonal

commurniicat i on, June 1384) pives an average of the mean annual
tampefétur@ at the Naval Weapons Center weather station qf 4. B
gegrees . Morthly normal temperature range is from 43.1¥ clegyraa

F. in Januwary to 6.2 degrees . in July. The dgaily temﬁewature
extremaes show a normal daily minimum in Januwary of 28.7 degreesf{—-—
Fe whiie thie rormal hiph of 1402, 3 degrees F. ocows in July. The
fifty percent probability date of the last spring fﬁ;ﬁt is around
ﬂ;.»‘.il 1.

The mean monthly relative bumidity values at China Lake
range rom 23% in Iuily to 52% in December. There is gn-&Q&%age of
seventy—-four days (20. 3% per year of total mioud‘QSVQr,.with a
maximum rnumbeyr of ecloudy days pey month during tbe wimfew BRASON

and a maximum number of clear days per month during the summenr

antg early fall seasons. y

Prevailing winds are from the south=southeast or north—

i -

northwest at all times of the year. Long tewm.data shows averape

.

armual wind speed at China Lake to be 8.2 mph., with the highast
monthly average (13,4 wmph. ) ocowrying an May, There are
eccasionally  hiph winds from the rnorth and fHrom the west, t he

strormpest ever yecorded in China L.ake at 831 mph. in Maroeh 1385&,



Summer thunderstorms  are ot WY S R and lorvalized
torrential rains arnd flash—Flooding ococurs  Fron  June through
October. Every few y2ars heavy lasting summer rains occur when a
hurricane off Raja pumps moistwe into the area and traps it
against the coastside of the Sierras, temporarily reversing the

rain shadow effect.
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PREVIOUE S8TUDIES

There have been marny studies of Ground-Water in Indian We:lls
Valley of wvarying guality and length. Mone, however, addressed
the repional ground-water Flow systen o pround-water flow system
cells {(areas of pround-water typas) to any extent.

The earliest studies were those of Lee (1313)., .ﬂnothev

garly study of ground-water was that of Whistler (1323). The

Cfirst  U. 8. Geclopical Survey study of the area was that of

Thompson (132%9). He publisbed some analyses and proposed a watsr
buﬁget‘ for the basin. The first MNavy study of ground-—-water was
that of Ruwalda (1944), In 1951 Wileoox, Hatoher angd Rlair
published a paper on the Quality of water of the Inﬂxaﬁ Wells
Valley. N

Munkélb ang Chase (13855 in a U.6. 6.8. study ﬁ&r Ll Mawy

have also calrulated a watey budpet with suppartingiiablﬂs in 1384,

In 1953 Duwicher published data on water wells in $ths Fremont

Valley area. Moyle ang Kunkel (I1888) published on ground « water —4&————~

conditions in the vallisy in 1953, In 1963 Moyle published cata
on Water Wells in Indian Wells Valley area. This publication
contains available well data arnd £20 water analyses (ﬁmt all

comnpletel. Quality control over the'analytical work apoears to
ot

be good. - -

.,
PR

In 31263 Kunkel and Chase puglishgd a H.8.6.8. Doen-File
Report entitled Geclony
California. Their geolopy section will be discussed in the next

Pl o T L 2

section of this report.

11



Hurkel and Chase did net have either the number of analyses
now available or the pve%emt conputer capabilities. They  (p. 31)
lumped Hhe waters és sodiuwm carbonate waters based on a sohoens
invalving 5@ percent of the millieguivalents they compare in

their Group I Waters (low TDE sodium carbonmate waters  with  low

w Fluoride and bovon) to the Alpine Maters and places this proup in

'

the Inyokern well fields and areas to the nordb.

)

Foy a discussion of what happens rnorth of Iﬁyaheﬁw, Lhe
readeyr is referred to the sections on smuwlfate waters awﬂ. Little
Lake/Lmeew Mill Bite Waters,

.Thﬂif Broun 11 waters are also sodiun carbonate waters of

low total dissolved solids bub with highey boron and Flowide

N\
contents. Thay plame it from the main gate of the Maval Weapons

Center td about ore mile north of the intermediate  well - field.

They consider their group 11 waters to be alpine waters modified
by base exchanpe (ions from water poing ints a mivreralized zone

raleasing different ions into the water). They attribuwte +the

.ominaral with exchange properties to be zeolites. These  writers
feel that welays in the alluvium and wvalley sedimernts are more
probably the mineral exbhibiting a base exchanpe poterntial.

Their Group 111 waters are sodium chloride waters. These,

of course, irntlude waters iv and near Chirna l.ake plava arnt waters

-

to the souwth and east of Ridgecgesﬁ;[ Théfﬁ postulate a olay

- pye o
b )

barrier restricting the movement- of the latter waters eastward.
They attribue the sodiuws chloride waters south and east of
Ridpecrest to come From a Former lake or lakes iv the area. in

alternate explanation, gecthermal leakage, 1% distcussed later  in

this paper.



Kunkel and Chase have presented conclusions on the water
budpet of the valley. These conplusions are based on both oata
antt gxtensive assunbtions. Coneclusions on the water bucget will
vary depending orn the guality of the data and the asszuwmotions
macie. Calaoulating a water budget is beyond the scope of this
paper.  Some data possibly affecting assumptions are contained in

the oconclusions sechtions of this paper. Dr. Carl F. Austin at

~the Indian Wells Valley Water Disztrict meeting of June 13, 1388
gave a good oritical review of Sthe wvarious water budgets
publiék&d For the wvalley which has been published veroatim by the
Inyokern News Review (News Review wverbatim Transoript).

.Ig 1871 BRloyd and Rob%nw publ ished a papey entitied Mathe-
matical
For a reViﬁw of this paper the rentder is referyred to PAustin,

In recent years there has beern a tendencoy Fmr:¥he U (3. Go S
to publish (usually iy cooperation with the MNMaval w&awansiﬂantew)
open—-Ffile reports to update observations on water levelﬁ;anm to
furnish water analyses for a year or a few years., 5Q@mn§{ these

arez

Homhler, J. H. (1971). Ground-Water Conditions During 1970
in Indian Wells Yalley, California, WhE G.8., Oper-File
Rept. 19p. ' :

Banta, R. .. (1972). Broundmwater.Caﬂﬁitions During 1971 in
Indian Wells Valley, California. U.S.6.8. Open-File Rept. Sp.

- PP %

Barta, R. L. (1974) Gwmunﬁnw&tar7ﬁgta, f@?&, Irncian Wells

Valley, California. Uee Geolopgical Swvey, (Open—File
Report, 9 p. ’

Lamb, C. E. and Downing, D. J. <1978) Eround-kWater Data,
1374~-76, Ingdian Wells Walley, HKern, Inyo, angd Sar Bernargino
Couwnties, Californiaa. . S.5. 8. Doen—-File Reph. 78-335

-
0]
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Berentrock, C. (1387). Bround Water Data for Indian Wells
valley, Hern, Inyo, and Sar Rernardirno Counties, California,
1377~ e Ba Ba B, Ooen—file Reot. BR6-~-315, 5E& p.

Irn 1973, Dutcher and Moyle published the water-supply paper

oo e s vivie o S et SR WaSe Rt Getm wea S o St St Rl thnes et Sicke SISk Sore S NIV oy v e Som P e M1 SHOLS G G Fevee S st T S Same PP st SOUIR S ey dore S B e oeeem So0n Svoee Shote 140

The Coso Geothermal system is an important gubsysteﬁ whieh
supplies some water to Indian Wells Walley. There is much
lit;ratuwe on the system and only a few of the most significant
references are mentioned. The Geothermal Project (Qffice, Punlic
NorksvnDapawtmewt, Naval Weapons Center maintains a Coso - Library
open  to the publie. In agdgdition, the California Enerpy Company
Incorporated +he geothevymal developer at  Coso  and has  mueh
prapriétary information on the pecthermal reservoir andg the
hydvnlogy?a%d structural geoclogy of the entire region.

Some  of the significant refererces are Austin and ringle

(3

{1870), Moyle (1977), Soane (1978) ardd Fournier and Thompson

{1384) ., The principal peothermal brines are of the. sogium

" o-

chloride type. The recharge area is the Bisrras (Fpprnimw ardd
Thompson, 138w). The significance of the r&cﬁargé 5%@& will be
discussed in a later section of this report.

In 1875 Harner in a b oy ewtit}ed kaund*ﬁat&v ﬁuality ir
Ihqiah Wells Yalley, California stapted (%Ppm the abstract) that

-

the dissolved solids content in sone’ areas is inoreasing

- P e
“a

slightly, but where thisz bas Qmmur%edg”gg is viot yet sericus.
In 1978, Dr. P. St. Amand proposed that the Indian Wells
Valley grouwnd-water system is a closed basin and he prepared a

water budpet for the basin on that basis. In 13887 the W.S.6.8.

Brouwnd-water Office at San Diepo proposed an expanded projgect For

14
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the appraisal of ground—water in Indian Wells Valley on the Basis

-

of the depgrendation of the pround-watey guality. The appnarent
actual ohange of watey gquality with time will be discussed in a

later sectiorn of this report.

GECLOGY

The Sierva Nevada Mouwntains to the west of Indian Hells

Valley consist of granitic rocks with  roof pendants of
" metamorphic  roocks. Some contact metamorphic rocks o alss ocouwr

(The Tunpsten Peak Mine). The Coss Mountains o the nortnh are
c@mple;. iy rian baﬁwmegt rocks have been penebtrated by both
basaltic {dark colored, low silieca) and rhyolitic ~ {light
oolored, Hinh silica) volecanic rooks of Tertiary to recent ape.
An exma;}ent suwface map of the Coso Volocanico Field is that of
Duffield ;na Bacon (1381).° The Arpus Ranpe locallx;ta the east
ancg the Spanpler Hills to bthe southeast are also “%radnminantly
Sierrian basement type rooks. The £1 Paso Mourntains to  the
southwest are also Siervian but ocontain Eocens (Tmrtiawy)g.maﬁalt
angd both continental and marine sediments, and }ﬁbnﬁ%darable
Paleczoic marine sedinents. The WU.8.06.6. 'agtho#s: from  the
various pgroundg-—-water offices that have wbitt&wf o @h@' Ingian
Wells WValley in the past bwo denmdaé'havé .all considered the
bﬁﬂ%ﬁﬁg to be inpermeable and 1af§ely,naﬁ;gater bearing. The

permeability of plutonie and voloanieo rooks will be discussed in

-

i

a later sectiorn. .
The wvalley itself consists of alluvium, lacustrine (lake)
deposits, windblown sanos, and playa silts and clays and praobably

a thiok sectiorn of Estuoring and marine sedimernts at depth. The



aliuvium on the west side of the valley in particular ocours as
alluvial Ffarns and placial outwash debris coming inta the valley
From mountain canyons and wvalley Fill. Kurnkel and Chase  (136%9)
givide the valley alluvium irnte "older” and "younper" units and
givi them formation names. The lake deposits are Pleistonens
{loe  fApe) and are interbedded within the alluwvium, Munkel andg
Cha?e proposed a simplistic stratigraphy with the older and
young:y alluvium deposits separated by the older lake aeamaits
{(yourng lake deposits are represented by the pilrmanles in Erarlies
Valle?}, The Tertiary and Pleistocens was a conplex ape. Dy.
Cari F; Austin (Fersonal communication 1988) suggests the pluvial
perings  oobtumentec by No%wia ang Webb bave all affected this
OVEY. Her lists the Followind glacial events:
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Whelarn  oigd vhe gaology oF a well orilled by Hhe  Nawvy gust
insice the Maval weapons Center Tence by the Inyolkern subscation

A 1964, Prvge rouh Lets wars @nesuntered at 408 Feed. nt praater

gepths  in  this (@S Yoot well there were two  2ones  where  ohe
1
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pyrEserd Uhore Twioee oy Oyed Ak

cornent thHere werse separate b
A}

was hranspressing AYiE  PE Y EDD L Y. In sithey oA cher  wvalley .

LR 1B HighHiy oompleEd as well o an Fodasd Cilaam ~a IARY- L

R . . 5 e g opee . 2 . D
DEYSIYIA L CORIMIAN L Cat AT, LBEe) . Vireave iy per weatlered deazal
cor:t ined LDHES Dut GREBre s v evaulanae Bhat e Danin an 2
whole, Pas arny recopn:zable divisaon Ants broac horciaontal Lavers
of different HKirvrwds of waters. S @ariier wDbrks Ly pae W til . G

S

conmsideres Ingiran Welis Yallsy bo D a sanpie dowe - fauwited  Diook

3
Y

ooungdea bHw ang it Faawlus., & PRS0 BH

s
-
~

s
3
~
N

-

seisnio refractiony, Dravity ardd & osaae oottt labend &
maximum  of So03 Feed oF walley $F1231. FODWEWVERYY,  Th2 &L 9D ASDWS

the wvalley was bhouwnoeo 9y Hioh ang.@ Faults. MWBT N LAY PGS e

87) pave presented oorvivioing eviaenes Bhat Toe Tatos rangis was

Hn]

(1

Fovsmestt by ow anpee toyust Fauiting. N AV SWariE @V iL@viite A6

surfacing toat T Baeyva avid Mrgus, fangei are DL mTsolked

thyust sheets compliicated by maior Swsbual Faultyvg (00 BV BH AR,

.o .
pErsonal conmunicatio,  LFPE)., Tarmtairdy BRrWBT o yen 2E MDY ant
by 53 . . 4

throunhout the Basin ancg Range Qém;mgigimﬂwvanmevmﬁd @l mm AMmT D
the Colorado Plateau.
I as vnow seens probdabdle, LTHrunt Faulvang Has biey Lnoorsans

in local penlonic  history, (P Eyaen and Haster, DY HBOYIE L

b - s ce Sepemerte et e es 2 e gaes e me .. . B .
" ey v resy DR ANRES Saee m e ke A R it i L o e N IR A i )



communication, 1980683 Sigrra Bsav @ans Ennlaoration, parscnal

communioat Lo, 1886 Hhern thne basement wocer tne valley Fill v
Inciarn Wells Yalley coulg wall De s@0iM8nNtary YooHS. is nas
sipni ficant implications as  bto both  renioral DYyoun-water

hydrolegy and  Hhe complex patiern of groundawsater Flows systein
cells in the wvalley. This will be giscussed latar,

e basie geclogic mao of the area is  the Traona Sheat,
\

Geolopic Map of California (Senlkans, 138&). pMilmen anid Chapman

{1971) have prepared the Trona sheet, Fouguer Gravity Map of
K}

Califoynia, Ty wonma Eheet. Meithaey OF these maps  Drepacsrs  bad

acress to  the detailed thrust geomatry vow balyn shaowrn by e

pecthermal sswvelopment in the area.
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THEORY BEHIND BEOCHEMTCAL INVESTIGAT IGNG

The  guality of wnatwal water 28 getermined by Lhe
concentrations and types of dissolved material containedn within
the water. The oissolved material in the water may have Leen
gerived from the atmosphere, biclopical sources, soils, minerals
oy tHhrouwsn  wman—induced activities, Facteria, evapéwatamn,
mixing, and enemnical reantions may further alter the water as  i%

A
passes throuoh the bydrolopic oyele. In the Indiawn Nella.Valkey,'
widespread geothermal activity is a maj)or contributor tn the
chemi%k?y a2f the pround--watey present.

In ordger $o determine ths cohemical guality of  water, A
analysis  must he pearformed on the sample, This involves the
careful measuwenant of certain parameters of the water sample as
it is takéhffrmm it?’s ratwal ervironment ang propsr. prepar-ation

of the samople for later arnalysis so the osoncentrations of  the

dissolveds ions do not change.

On site measuremants at  the sampling  souree inelude
teamparatare Py and ooncdaet ivity. These three aramebteras  oan
Y Py 2 d

change rapidly with time and must be measured as  #dorn  as
sample 15 talern.
Temperaturse reacdings of groundwater are. an iaporsant wsourcs

of informat lon., tary factors conperning - the  measwenent and

antual lonie composition of water guality L aras influenceds by

-

temperature including oH, conductivibty, andg the concentration of

dimssolved dors. Temperature readgings  must be included  in
correctionsg for pH and concuctivity sinece bobh are based on  a

certain property of the water at a specific temperature.



Temperat uwe readings are also imoordant ivy Inciarn Wells
Valley because of the krnowr presernce of gedsthermal faatgres in
close proximity andg/or within the valley. Seothermal fzatures
may ocontribute heat or heated water to  the local proundwater
system and cause major changes in the chemistry of the water. If

arn abnoymally high  temperatwe was measured at & sampl ing

logation, this would indicate that the ground-water reservoir was

)

cormected in some way with a bhipher tharn normal heat-Flow  area.

For example, water from a Nawvy Nell at the Irnyokern substabion is

270 . ’ Y Thus a peothermal area wmay be contributing heat 3o the
local reservoir or may be mixing geothermally altered waters with
the Moy e typieal' proundg-—-waters. A analysis o f certain
constituents +that are found ih gectharmal waters compared  with

analyses of wneiphboying norn-pesthermal waters is  sonetimes a

fairly reliable methoo of determining if there is intermiwing of

waters in the area. This will be discussed wder water tybpe.
The measwe of acidity or alkalinity (oH) v a water must

also be measured immesgiately after the wateyr is removed From  its

natural envirornment. Reported in the base 10 loc of the hydrogen
iorn activity (irn moles per liter), pH gives an indicatics of the

type and amount of reactions the water was undergoing at the time

of sampling.
pH  wvalues change as hydropgen i1ons are .produced o oonsumed

. -

curing ochemical reactions an thw.éromnégat@w'éy%tem. Vaiues of
pH  are commonly lumped into three major divisionsi basio @ (pH )
7.8, newtral (pH = 7.%) or acidic (pH {(7.&). A water cormtaining

equal amcunts of hydrogen ion and hydroxide ion (H+ = OF-) at 25

C has a pH of 7.0, If bhydrogen 1aons are added to this . water,

n
S
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the sslution becomss mors acicie ancg the pHd wvalus deoreases.
Conversely, if the hydropen ions are gonsumed iv a reantiqw, the
solution will become more basio ang the pH value will ianeasa.
Mozt rnatuwral waters have a pH yangivng Ffrom  about T . -
about 8.5 (Hem, p.&4, 1985). The range of pH in Indiaﬁ Wealls
Valley was From 4,68 (REB/4BE-14M1, @E~21--78) to 0. 18 (258/40GE-
331, BI~-25-75) . Conduntivity is a measwe of the ability of a

substance to conaguwet electricity. In water resow ee

By
\

investigations, speci fic conductance is measuwred and is .dafiwed
as the ability of the solution to conguet electricity at  a
specigied temparature and through a unit length angd oross
sect ion. The standard temperature at which specific oconductance
is measwred is 295 degrees € and the unit lengith and cr&ss‘sentian
are onge cent ineter antl INIER BOMAYe went ineter, Bpecific
cahductahé&3 oan be plotted against measuwred/or calocuwlated total
dissnlved solids (TDS) ang a relationship equaégng spen) fio
conductance to TDE can be mstablished (curves are piven in
RAppendix A),

Analyses can be obtained Ffor all elements and Q@mpou;&s. A
c-:»mplat'e aralysis of all the possible crc»fm:«ti’éué%ts is ot
necessary for peocchamical invastigati@nﬁ. Conf%ibutiagﬁ of marny
of the elements fourd in ratural waters ére smal l aﬁd go not
effect +the overall guality of the,watﬂr; fnalyzing for a largs

~

rumber  of ions can become cwest probibitive, ' The major positive
ions | (cmations) which were chosen- for the ﬁtudy'of water guality

iv,. Indian Wells Valley angd that effect the guality of water the
most araes Caleiuwm (Ca++), Sodium (Ma+), Magresium iMg-+r+), and

Potassium th+), These were chosen because they are the most

P B DS e P . = -
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gpommor positive ions contributing o the guality of watey dn  the
area.

The major negative ions (anions) which were mha@ah are
Chloride (Ci=)}, Bulfur in the Form of sulfate (804=), Bicarbonate
angd Carbonate (HCO3~ + £03=), and Fluoride (F-). THeay were
chosen because they also are ma)oyr contributors to water guality

in the wvalley. Other elements were ircluded iin the analyses
\

bacause of their affect on bumans, livestook, angd plants or

because they are geocthermal indictors. Thaese elemants are Silica

{810 };{B@wow B), Iron (Fe), and HArsenic (Qg).

iwm — Calecium  is the major cation of the alpine waters.
Caleium causes wabter (o be “harg”. The low total doissolved
a0)ids cqvtwwts heepns the Alpine Waters "soft”. It is interesting
to note ﬁhgt hard waters tend to prevent heart atta&ks. In the
evolution of desert waters there is a tendency fd% waters to

avolve to more sodium rieft waters,

Sodgium ~ Sodiuwm iz a very soluble cation. As waters . evolve

‘e

through the desert environment they tend to béeﬁme ermiched in

SO0 1um.

fotassium — Potassium is associated with sodium and behaves in  a

vl '_
similar marmer. Low sodium to potassiun ratios may ind.icate a
X :

possible npectharmal water.

| Yy

Maunesiuwn -~ Alihounn magresium is generally present iy greatey
amount s than potassiumn, it is  somewhat anomalous Lo the
ground-waters of {ndian Wells Valley. The souwres of magresium is

probably the basalts in the rorthwest portion of the wvalley.

m
N
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g1géggggégg_ggg_géggggégg - Bigarbonate and carbonate aré the
prineiple anions ocontributine o the hardgness of watef. The
carbonmate bicarbonate system is wvery oomplex chemically and
variables such as carbon dioxide partial pweﬁsuvg, P,

temperature, type of enclosing rocks, and other ions present

effect it greatly.

Chloride - Chloride is the least reactiwve of the anions. fdary

- ests S ooee e et soen

" geothermal brirnes are of the sodium chloride type.

Sulfate ~ BSulfate is the least commorn of the maj)or anions.

T e e e S s as *

There are fouwr souweces of sulfates in Indian Wells Valley ground-—
waters. These are the oxidation of pyrite in Tertiary Lake
Clays, the oxidation of sulfides in minsralized areas, BRWARE

pondg leakége (sodium sul fate is adoed to geterpents) . and  leakape

from peothermal steam caps. Another souroe of Bulfate could be

H

sedimentary gypsum or anhydrite becs, however, they bave not

found this iv the valley or surrvounding mountains.

..

— e B8 2N ey S S

elemnent it is actuwally a trace slement. It is usually lumped
with ohloride as a major element. A small amount of Fluoride in

drinkinn water prevents dental carries. Larger anouwunts are

considered harmful. The amount of fluoride allowable is

.
.

temperat ure dependent becauwse of -the amount of water a Peraon

. -
&

consumes  is tempsratwe dependent (Hemf 1385, p.ﬁil). Fovr  the
. . . O
Indian Wells WYalley with a mean air tempsrature of €4 F,

Fluoride showld not exceed 1.8 mn/l.

3}
0]
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gilieca — Silica (9101) is important chiefly as an  indicator of

geathermal leakage. A gdiscussion of the silica pecsthermomneter is

piven by Fournier, in Rybach and Muffler (13881, pp 113-118).

Bovorn — Boron is of concern bacause althoupgh small  amounts  of

e oo voam  beeon

boron is essential to plant nutrition, a small excess over the

neaded - amount  is toxie to some types of plants. Hesn (19385,
PP. £15-216) discusses the effects of boron on  plants. Indian

AWéllé valley pround-—-waters are penerally fairly high  irn boron,

but wsually not high erough to be toxic to plants. However,
extremne concentrations of borom seews in the surface and shallow

ground-waters of Chirna LLake Playa.

Arsenic — Mrsenic is of corncerwn becauwsse of its toxicity to bumans

anc mtnéﬁ tanimal s. Hem (13985, pp. 144-145) pives tha EPA

standard for drinking water as S micrograms per ;éiter. Mary
anaiyses of waters from thé Indian WKWells WValley indicate
concentrations of arsenic in excess of SO mg/l. Howe ver, Hem
{13885, Pa 145 piting Moree and Wolf (1963, p. 14@))f-nat;% that
waters with 1330 micrograms/l bave been weed for ;;inkihg iy
shnvﬁ periods of time with rno apparent harmfuﬁ‘gffécté but  that

long term use of concentrations of Z1@ aicrograms/l was  reported

to be poisonous.

Bevenbrock (1987, p.4@) reports a waI1¥2$SJ4®E~3EL1 whioh on

- ¢ “
Ta

two samplings (BAO-G5-21 andg Bamﬁﬁwag)vgéye arsenie concentrations
of ZOAG and 29GQA micronramns/l respectively.

The mean arsenic content of waters in which arsenic was
reported was 158 minrogramsa/l. The arsenico concentration

frequenty distribution is skewsd towards hiph valves by a few

b
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wayy high citations, giving a misleadingly high mean. The median
o mid  wvalve was 15 mioroprams/l. The writers fesl that the
median is a more mearingful statistic in this case, in that
valley drinking water wiﬁh contains arsenic far ocloser :tm the

mactiar tharn the mearn.

s
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SAMPLING TECHNIQUES/ INSTRUMENTATION

Sampling technigques were set up o insuwre the guality of the
on—site measursments angd sanple  presarwvatiorn. ﬁlthoqgh the
actual sampling . routine wvaried sliphtly’ at each site, J. S,
Bexlogical SBurvey, Water fAesouwpes Division procedures wera
astrictly adbered to. The puidelines used were gathwréd Ty
"Fialg OBuidelines for Collectiorn, Treatment, antd Analysis of
Hater Samples-—-Arizorna District by .. R. Mister arndg . .
Garvrett. Bince the conditions in Indian Wells Valley are similar
tp,>th6é@ found in  Arizona, the sampling and pra%éwvatiﬁn
techniqgues were transferable.

Temparature was measured with an alecochol-based thermnonaeter
calibratey against a NMational Bureaw of Gtandard testied
therm&mat;w; The thermometaer was rinsed with de~i§nized watar
before and after each use and was dried with liwt—F#ee wipes to
contral contamination.

A Beckman £1 pH meter in congunetion with a Beqﬁpaw i>H
2lectrode and a Corning temperature probe was used tﬁiéeasuw@ H.
The meter was tested immediately before each sample was measured
with 4.8, 7.0 ang 1@. 3 pH s=tandards. Twoﬂ cmwséautive readinns
were taken immediately after the samplée was ;EMGV%M from the well
or spring and if the difference beﬁ%eep_th%itwé was preateyr  thah)

a. 1 wnits, then a third readihg wag takén to resolve the
disorepancy. The pH was recoroecd on field sample sheat. .
A Lab-Live Lectro-MHO-Meter Model MC-1 Mark V conductivity

metey in conyunetion with Lab-Line Instrumernts, Ine. concuctivity

cuUpPs  wass  used o measwe specifio conductance. The meter was

=44
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standardized each morninpg beforse use with three standarcs
brachketing a ranpe From less than 188 microseimens per om to 250G
MiCroSelmeans Pey oM. The cells were rinsed with de—ionized water
a minimnum of tivee times before each wuse ang then rinzaed twice
with the samnple water before being fFilled for the readinp. This
assurad that mow§am$natiow From the orevious sample and dilution
fra@ the de—ionized water was kept at a minimum.

Three wne liter poiyethylene bottles were filled at  each
sampling location withl either filtered or wunfiltered water,
{one 6gttle was acidified to preserve certaliry ions.) Ther bottles
were rinsed twice with the corresponding water before filling.
ﬂcﬁﬁified bottles were rinsed with HNGE at the lab and the water
filtered through a @.45 micron nitro-pelliuviose fFilter witg a
Geofilte#? Peristalic Pump, The wunfiltered water was taken

directly from the sering or well head. Ffach bottle was labelad

sealed and cooled for shipment to the lab.

&7
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ANALYEIE TECHNIGQUES

.The lébowaéory choser to analyze the samples oollected
Suring this study is the ACZ laboratories of Colorado Borings,
. It was chosen becauwse of a very pood reputation for :qmalgty
water analyses.

The best measwanent of guality of an analysis is €0 take
the ) gifference oFf the positive charpes on  cation mﬁﬁ the
negative charges on anions and divide this by +the sww  and
multip}y by 1@%, givirng a percent error. A satisfactory éwalysis
should\ihave a parcentage 2rrvor of plus or minus 5 pmrcawﬁ. The
positive and the nepative charpes are piven on the répnrtihg

sheet s.

Also whan a reosrt of an analysis i1is receivied, the

investipator should look for obvious or probable errors and  if
ary results appmar erronsous conbact the labwratmry“and have it

checked for typograpbical errors on the veporting sheet, dilution

arrors, etc.
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Tatrle 1. —— Detectiorn limits (Mg/1) and analysis technigues  for

the elements and ocompounds used in this report,

ArSENit. s aes vaaaadSBS, (1-2-E£2-78), AR Automated-Hydride @. A
Eicarbonates.....EFA 310.1 Titrimetrioxsss 1
CAlCium e aeaena.. EPA BGOQ. 7 ICDKE%% b
Carbomate®.......EPA 216, 1 Titrimetrico 1
CHlOrioe cueenn..EPA 3.2 Automated — Ferricyanide 1
Fluoride..s.eeo.. .. BN 340.3 Auvtomated — Complexone @
IPOPe s sas e ae e EPA BOB. T ICH : 2. 2
Mapresinm. ... .. BPA @83, 7 ICP : 1
PHe seeceanannaans EFA 150, 1 Mater (units) !
PFotassiumese.er . EFA 20,7 ICH 1
Silica.}.a.f.....ﬁpﬂ s, 7 10P Q.
Boron....;.......EpQ Z2an. 7, 1CP .Q . @, 82
BODiUMe e venren. - PO EQA. 7 ICH .
Solids%¥, iv.awe. v EPA 160, 1 Bravimetrioc 1408 Crixxxx &

BUulfat@enaaseaaaaEPA B78-3 Gravemetric . 4
* as CaCO3

*¥clissolved

*uxAtomic Absorption

**%x%Chemical
o .
*¥x%%Indueed Coupled Plasma (Atomic Absorption)

- Lo
~

*xEREEIVRcipitation angd Weiohing - Lo e

-

USBE8 - U. 8. Beclogical Burvey, EFA - Ervirvonmental Protection

Agrecy, AR - Stonic Abscrption, ICP - Inguctivity Coupled Plasma

29
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INTERFRETATION TECHNIGUES

Tﬁa methoos of interpretation for water guality data are
\s .
many and, as with other types of data, contain many pitfalls.
Care must be taken in the collection, preservation, analysis of
the water sample along with the interoretation of the analyses.
The analytical methods wsed to deteranine the ooncentrat ion
of the major constituents (solute) in each water sample are
reported by the laboratory as the weinht (an milliprams) of a
given . solute per unit wvolume (liter) of solvent. M3 ror
conﬁtit;ahts such as arsenic, and bdoron are reporied by tﬁe 3. B,
Geological Suwrwvey in micrograms per liter and by the 1a§9ratuwy
in milligrams per liter,

Water analyses from other souwrces may pde reoorted in various

othey units. Cornversion factors for these uwnits carn.be found in

Hem, 1987. o
In order to compare different donic species, a oonversion

invalving the weipht and electrical charpe of each ion is uwsed.

ce

Whan +the formula weight of an ion is divideod by the ‘ocharpe of

that ion, the result is termed the equivalent weight, If this
equivalent weight is then divided into a mﬁnméntratian vale
reported in milligrams per liter, the result becomnes milligram—

epuivalents per liter. For oonveniencs, -milligram—eguivalents
per liter has been shortened to millieguivalents per liter

{(mea/l.). The following table contains the necessary sagyivalent

waeinphts for mp/l to meq/L conversion.

[
<]

o L R R A U O . .- Cra e e e e e e ..

g . e mme. .



Table =. —-= Corversion factors For Millieguivalent ponversions.

{Fyom Hem, 1385)

Elemaent and reported species multiplication factor
Bicarbomate (BCO3)....ovovvcvivnonnny BLESS
Caloium (Cad+4)e savssascusvansnnsaneanna - V4950
Carbornate (COB-)..ivicvinrevevuavuscvase CBSE33
Chloride (Cl=)aaaaaovacasnanasaanannascas . QEB2y
‘ Fluoride (F=).ieeeevevoosssvevvnanavves « ASZE4
Manrnesiun (Mg&*i..................... . Q8223
‘ Fotassiuwm (M4) . i eevevenvsvevevevavvnen . B2558
Bodium (Mat)iaees cunanwnanacanananana - B435Q
Sulfate (B4~ )uuwrrrvavevvenvvnoruns . BEREE .

EXAMPLE:

Analysis of Water From 2768/ 396-2161 ng/ 3
Eicarbonate j?l&&
Caloium 43
Carbonate g
Chloride oo A7 T
Flowide ' :  24@
Magrnesium R .11
Potassium T . 8
Soddium . . . . 43
Bulfate _ o i'i 49

Calrulations: .; "*;, 'hv

Cations mg/l‘
Caleium 41 X @.%;99 == 2. 85
Magrnesium 11 X 9.08293 = @. 31
Potassiun 8 X . 3z28%a = @, 2



P taen. a m-

\e

Son i um 41 X @, BAZS5H = 1.78
Total Cations _—ZTEIM“
A i ons mg/s 1
Bicarbomate 122 X GB.@O1633 = &, B
Carbonate @ X A, QZI3ZE5 = A. A
Chloride 17 X D.@zexy = R, 48
Flouride B. 4 X @.08264 = @, G
Bulfate 43 X B a2Vss = 1. 8&
Total Anions ””gjgéw*

PERCENT ERROR = (44,91 — 3.52) {4,581 + 2.5 X 106 = 6. &%

Thé wse of millieguivalents per liter denstes that lhe wunit
concantration of all ions are ochemically sguivalent (ia e that
foy each unit of positive 1ovn (cation) there iz one  unit o f
riegat i ve ,_‘i»:“m {aniond. in a stable ernvironment, the balance of
cations aﬁd anions should e2qual zero. -

This ohemical eguivalence hetween watiaﬁs'aand anions
provides a guick yet reliable method of evaluwating the quglity = F
both the sampling technique and the lab analysis. If ﬂnegqssumes
that the envirvormment the sample was taken ngw' WaB in
equilib%ium,
than a comparison of the nomputed milliequivalewt% pey later for
tﬁé majore  cations (Na, ¥, Ca, and M) Veﬁﬁgﬁ thne major anions

(€1, 8064, F, CO3, and HZO3) will enable a bé;amem o be made andg

Lot

if no balance exists to zhow the depreecof evvoy present.

Hem {(1985) states that "Under “optimum condit icns, the
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accuracy of pluas oy minus & to pias Oy mivms LAY Balancas nave

peen computed for all of the analyses used in this report.

Graphical representation 2f millieguivalents per litey
allows the uwssr a wiswal means of ocomparing pross water
composition without the need for tables of cata. Hem (1385)

explains many of the jgraphHing methods used in water guality
analysis in use today.

A modified "pattern” diagram, similar to the one desceribed
by 8tiff, 1851, bas beer chosen to aid in the classification and
analysis of water types in Indian Wells Valley. This pattarwn,
commow}y callied a modi fied St fFf aiagvam reduces ithe effécts of
dilution or concentration on the shape of the pattern and
familiﬁateﬁ the iwterpr@tafimw of sanple analyses.

The modified B84iff diagrams are based on a milliequivalent
per lité; onparison of the major cations and aniorns of a given
sample. The cation and anion eauvivalents are plwttéﬁ o the laft
andg  to the ripght of a wvertical awis, wmspﬁmtivelyi The
horizontal secale is in milliecuivalents per liter and ?5imilaw
species sueh as sodium angd potaszium are grouperd anﬁﬂlab;ied as
such (Ma+i, Cl+#F, HCO3 +0203). | |

After the points have beern plotted on théAgraph,- they are
thern Joined topether by sbtraipht 1iw»ﬁ‘farhihg a uimﬁ&ﬁ aiagram.
This closed pattern is called a modified Etiff diagram. Mﬁdifﬂed

Etiff diaprams carn be caloulates.by handg dr{ computer  derived.
- ]

- : e

Those piven in this report were computer gerived. Cre éf the

main wvalues of stiff and modified stiff diagrans is they are

visually recoonizable "fFingerprints” for major water typeas.

1)
®
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constituwents

As  the composition of the dissolved constituents oorntained
ivn a water sample charnpe over time, the shape of the modified
Stiff diagram will changes. FPlotting the diagrams on a map  in

their respective sampling positions will show spacial variability
P =) F

in the gross water composition while a temporal comparison will

show chanpes in composition ovey bime.,

Graphically cdisplayed COMPArisons of the ohemnical

digssolved 1in natuwral waters 1s  an  easy way o

mompare the pross chemical composition of waters.

\
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finother method of classifyiny watey is by pross composition,
This methor alsce uwses $the millisguivalent per liter wvaluss  butb
conpares the percentane of the majo cations and anions  and
classifies the water based on the percentases of each
constituent, If¥ & certain catior or anion makes up over Z4
perecent of Gthe total cations or anions, it is included in  the
naming of a water, The ocation with the larpest percentape of the
total cations s named First in the water type, the second
largeatA oation percentape is next and this continues urtil the

percentage of the remaining largest oatiorn drops below 2@

"\

N
percent. The anions are next, with the larpest parcentape
ieading. The anions  alse cornbinue $o be named in  lesser

percentapes  wntil the perdentane of the remaining larpest anion

also  drops  below 20 percent. This list of lessenirng ocation

percentanes followed oy lessening anion percentapes make up  the

water +ftype name. Thus a watey ocould be of a sodiuws-ohlioride
(Na—Cl) type, a sodium—calcium ehloride (Na-Ca-Cl) twpe, a sodiumn-

caloiuwm-magrnesiuwm—chloride-bicarbonate-sul fate (Ma-Ca-Mg~-Cl--HCOT-

L

804) type, etoc. Of a possible 254 types of Q?“E*L\Y‘)d*\ré;ﬁttt‘n“'ﬁ; 55 are

found in the Indian Wells Valley.

CONDUCTIVITY wae., TOTA. DIQSDQVEﬁ S0LIDS

Estimates of Total Dissolved Bolids tmﬁ/g) in a water sample

can be wbtained without sanﬁimg;éhe,s;mplm tg,a lasoratory by

using specific conduntance. EpeniFie conduntance mneaszures bthe

ab;lity of  the sampie to conduct electracity at  a épecific

o
g
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temnperatuwre and throuwsh a unit distancos. ﬁlotting calcul ated
total dissolvesd solids apainst specifip conduoctance  allows the
astablishment of a cwwve relating one variable o the other. if
speci fic conductance for a particular water type is neaswed and
compared anainst an establishad relational grapb of wsoweeific
cenguctance ws. total dissolved solids then the total dissolved
5ﬁ1§d5 content for the sample can be estimated.

Ay, attemnpt was mage to correlate specific corductance with
total dissolved solidses usinp water aralyses from the U.8.
B%mlagé&al Suynvey enords AN those samples ué3leuted
sperifically for this study. Mary of the U.S. Geolopical  Survey
analyses did not include both total dissolved solids ang specifie
conductancs. Eath of thnese parameters are necessary (o construct
the relational cwve mentioned above. Birce so Tew analyses were

complete, graphs for all water types and areas were not reliable.

However, relationships for TDE ve. oonductivity Ffor speerfice
water types were calcuwlated.

'Using a computed $total dissolwved solids (sg@; oF Mna g o
components measuwred an mngll) and conguctivity é liﬁea% YeEpyYesslon
line was Fitted to the data. A correlation nbeffiuieﬁt "R was

computes  For the line. If Re ~1,8@0 or «L.080 there iz & perfect

f

it

correlation batwearn the independent and depentdent variables.
R=0, there is rn correlation. I whis cane R was 3. 3@ which is
unsatisfTactory., it was gecidea-to -a@ﬁﬂmpt' moryelation  aga:n

using the ocomputery derived watery types. Curve fitting was
atteampted wnly §if there werse three or pore samples of a  water
type (twn samples always pive a straigbt line with perfect

correlationd. In general linear regression lines Ffit well. The

10
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rasulting curves of copputad TDS ws. conguectivity are gﬁaww i
appendix A, Ore can determine the water type oFf a given well
From tThe compuwier p#intaut Furnished $to the ECROD ahd ﬁiaﬁe 1,
take the comguctivity of a sample and geterming its TDE wsing the

appropriate ourvel

o

o)

1)
~3



GEOTHE RMOMETRY
The Mawval kWeapons Centey has a program  to eveluate nawy
lards  includging those in the Indian Wells Valley for peotheqmal
resduroes. Under this DI Y AN available grounadw ater
temperat uwres ﬂera contoured. Where depbths wers availanle,
Poseuwdo-tenperatuwe-npradients were calcuwlated and cortowed. A

ST S i w

do pradient is an assuned femp@rature rise per irorvement of

.

ey

well depth. The bSerm psewdo-gradgient ie used Dbeoause Truae

temperature pradients are caloulated from actual measurenernts  of

temperature  at wvaraous depths. Since in the Nawy study ©the
availabia temperatuwes were From bulk water samples and  the

dapth{(s) of water antry in the wellisd) was (werel rHot KW, a
pasuco-pragient whas mace whichy is only a gross appraosimatios of

actual gedthermal gradients. However, Dy Dawvid Chasinan

{(FPersormel Communicationg Ooeober 1IBE7) has shown - them o be

useful in 2xploring for geothermnal ensrigy.

Where there is a leawans of genthermal Fluwidse ints a  oround

water system, chemical analysis of waters can sonetimes be wseful

ivn precicting the temperatures of the peothermal  refaryvoir. A

giscussion of ecnremical gpgeobtharaoneters is gt#en iv Fournier
(1363, Ple LIZ~1828) . Mavy persoymel have ooppated ali af the

uwsual echemcal geobhernometers for (he waters of $tne Indiarn Wells

-

Valley {there are several thermoneter Byl Eme s tre Bilica

- ‘; “ar
- ‘ e

geothernoneters,  as well as ﬁodiumwpataggxum,"s@dium»potéﬁsium~
caleiuwm Lwith mapresiam ocovrection 1F aopropriatel avicd Sood um—
l1ithium tharmometers). The Mavy bhas  contoured  Ghe - guartz

conguntive cooling and Socium—pPontassium—caleiam oerived reasrvo:r

tamperatures for Indian Wells Yalley. All of Ythe aocovs data were

58



of peothermal leakage irnto the local pround-waters.  These
e discussed iv the section on water Gypwss.
Y
N
K
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DY iar angt angicateds possidble eouhermal

pround  water in two areas, ong Just nortn and slinhbiy

the main gate o MNHNC and orne just alightly soudn and

main pgate.

Chemical composition of ground waters indicates
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DETERMINATION (IF SROUND-WATER FLOW 8YE&TENM CELLES

Plate I 18 a plot of areas where variouws Stypes of groundg-
water are found {(grountfe water flow system oells). VZH: was
prepared using three sets of data.

Iin a first map, waters which pave similar modified BStiff
diagramns were plotted and areas where a piven watéw type
dominated were outlined on a map of the Indian Wells Walley
{(Naval Weapons Center, China lLake, California NSSEQ—N!I?lS/#SX&S,

1978) .

)

In a second map, computer penerated water types were plotfied

using oolor coges for each iovn  in the clasaification, In
general, the two maps were iy pood agreement.

= U?ah State computer apermy contowred the analyses for
sulfate, ga%mn, pH, and total disscolved solids. In.éﬂneral these
maps confirmed the assigrment of areas made on th@tg&ﬁiﬂ of the
above methods. Whern uming the contouwr maps, the rnortharn portion
(two—thirds) of the maps shbould be ignored as the rnumber Pf data
points was too low for computer contouwring. R

It was considered desirable to determnine what Wivnd =f  rocks
the wvarious types of wat&; had beer in cont act with . This was
gesirable so that "bed rook” inflows &bukw'bé igentifieg., Dr. T.
Cerlinp, Poesistant Professor of Qéongy,';Qﬁivarﬁity wf Ut e,

noted that orne of his students (Peéer%mn, 1385%), had considerable

sutcess relating the rocks of a drainagé*basih to water chemistry
using a trilinear plot of silica, alkalinity angd sulfate plus
chloride. The sochene was developed by Stallard anc  Edmund

$1383) . To use it, wne computes the millieguivalent AF the

48



xﬁm TRIANGULAR CO-ORDINATE . - c
KEUFFEL & ESSER CO. MADE IN USA’

46 4492
All + Indian Wells Valléy
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plus swlfate and sums them. The individual millisguivalents and
the sum are used to compute percentapms for their plotting. The
stuoy was of the Amazon Basin The writers were doubt fuil  that
the scheme would work in the Mojave Desert because of thé graat
difference in climatic congitions whiech affects roock weaﬁharihg.
Alse the schemne was developed for Quwface' waters oot o prounc-

wateyr. Pederson’s study was in the bighorn basin  of  HWyoming.
All  analyses {with the appropriate components analyzed were
caloulated ang\ plotted (Fipwe 3). As one would expect most
sample sites pogjtimneﬁ in plutonic and wvolcanio area bec&uﬁe .

the prokimity of the Sierras and Cosc Voloanieos, There were some

which plotted in the limestone area, shale area, evaporate

(playa) area , and ip-pecthermal area, The pectharmal area wa5<f£:”

added to the plot by Whelan (Figure 3). Trends of water fypes as
detewminéé “hby  the scheme weare plotted on ancother oopy «f  the
refarencaed map. The trends ware ivn general agraemé;t with the
trends of water types as determined by the obther methoss,
Unfortunately +the fact that some waters appear o have a
limestone affinity ang other a shale affinity does hq? p;gve or
disprove the presence of Paleozoio metasedimenﬁs in tﬁe basenent.
The Indian Wells WValley has been wneupied"by Hoioﬁéne ang
Fleistocene lakes which affects the wésultﬁ' Eigﬁifiﬁantly.

Stallard and Edmond (1383) alsp pkmpeaed a trilinear plot of

millimquivalent of alkalinity, caloium * plus  magresium andg
sulfate recaleculated to 18& p@vcené to gglat&'water ocompD sitions

to the sedimentary rook envirormernt. All applicable water

analyses were plotted on this diapram (Figwe 4). It APPBAYrS

41
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that +this diagram, developed for swface waters in the tropioes,
is rot applicable to the pround-water environment of the desert
in Iﬁdiah Wells Walliey as the majority of bthe points show a
sediment ary relationship (Figure 5). Since munh of the alluvium
is romposed of Bierrian Rocks, which are granitic with lessor
metamncrphic rocks, one would expect the waters to have exhibited
an igreouws aasoci&tiaw. This sugnests that roofpentdant %éﬂam&nt
of the Bierrian may be major anuifers feeding the valley.

Plate I is ponsigered the most important produet of this
investgéatimn. Howawver, ane must be cantioned on its use because
of certain limidations. Dashed lirnes are used to separate water
types. They are dashed because in genaral the bouwdawies are
véfy approximate, this because of the lach of 5uffinieﬁt data
points i; :large areas., Whern walle of moderate d?pth proguce
reasonable amounts of water, of good guality, mahﬁ welis are
drilled. Where the aguifier is wvery deep, the yield poor, or the
quality poor, Faw wells are drilled and control on ﬁlﬁttiwg
deterinvrates. B

Another factor is depth control,. of 375 Qaila sampled
throuwngh the years by the U.8.06.8. depths are ;§§ilablé faor only
15 or 42 percent. Of the sites ﬁampled_;pécifically for +this
study, depths were available for 7:0f L? weells or only S8

.

perecent. There are veary few deep wells ihifﬁéﬁ valley. In the

.

Chirna Lake Playa, for instance, only wery shallow wells were
available for samplivn.
Plate I econtains some personal irnterpretat icon. For

instanoce, sodinm~caleivm-chioride and caleiwwm—-sogiuwm-ochloride
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waters ware lumpad together in areas o»f wmiding. If one well had

a different water type than most obthers in an area or  was  much

gi fferant irn depth compared o the olbnars, it was not wsad.

The writers acknowledspe that this is a preliminary map  but

belieave $hat it will be useful in subseouent irnvestigations and

it iz expected that Future workers will improve aporn dit.
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WATER TYPES

ALPIMNE WATERS

The least modified water in the region wouwld be ﬁeteavic
water derived from the grarnitic tervain of the Gierras. These
waters are of the calecium-magrnesium—sodium—bicarbonate-su 1fate—
chloride type. A modified stiff diagram is shown as Figuwre S
These waters are normally of low total dissolved sol.ds. As
these waters work their way o the valley they are mod: fied by
evapotrgnspiratimh, reactions with soils and roccks, anﬂ: mixirg
with otgww waters.

SODIUM—CHLORIDE WATERS

There are two sowees of sodiuwm-echloride brives in  the
Indiaw-Nm{ls Valley region. One sowee is gecsthermal brines and
the sanond,‘playa brines.

The analyses of a typical geosthermal brine (éBEHwi, Coso
pecthermal field) given by Fournier and Thompsorn topether with an
analysis of a sodium ohloride playa brive are given in Tgple e
Salt Wells andg Searles Lake waters are also of tg;é gype. A

modified Stiff diagram is shown on Figure &,

by
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SODIUNM CARRONATE AMD SODITWLM RICARBONATE WATERS

The location of these wateyrs is shown on Plate 1. Most are
sodium  Dicarbomate waters, OF zpeomaal interest are waters from
E7G/3TE-3LE  and 2E8/35E-35L. Theae are sodium carbonate waters
with low total dissolved solids. £ similar water is present  in
the 103 foot wall by the old house at the south end of the Coso
HQt\ASQWiWQE area. This is rnot to aimoly that there 313  any
communication betwesn these areas, buwlt to roie that thewm‘may he
an inf;aw of geohhermnal waters into the souwbthwest ocorner of the
Ihdiaw]{WQlls Valley. it ?5 the writers exoerience that sodium
rarbonate and sodium bicarbonate geothermal waters generally

ingicate low temperatwe systems. Modified StifF diagrams of

these waters are shown on Figuwe 7.
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BULFATE WATERS

There are several ocoourrences oFf sulfate waters in the area.
One is Walker Well a rcalcium—sulfate-bdbicarbonate Hype water
There is a sulfide type minaralization near Walker Hell.

Waters from the Tungsten Peak Mine (Figuwe B) and a shallow
wall at IBE/ZEE-15Q are of the calecium-sodiun-sul fate type. It
is believed that the sulfate iz From sulfides found in ocontaect

\‘ . .
metamorphic mineralization mirnerais formed where an ipgneouws roack

has intruded a sedisentary rookl. When the minge was in

operation, it made 11@ pallons a mirmte or about 188 acre feet a

yEa”.
A shallow seepags from the sawage ponds is a very peculiar
sodium-mapnesium-sulfate water (sodiuwm sulfate bas replaced

phosphates in detergents (Figwe ).

o
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LITTLE LAKE/UUMBER MILL WATERS
A complex but interesting set of waters is called‘ Little
Lake/l.umber Mill Haters. These are found in sampling sites  from
east of Red Hill in Rose Valley to the area where Brown Road
turns From  North to west at the site of the former village of
Brown in Indian Hells Valley. The waters are of somewhat-vawyiwg
types. The exploration hole at Red Hill was of the Sodium—

\

calocium—bicarbonate type. A well ZE85/38E-8C, is of the sodium—
calcium—ﬁgtzzgﬁﬁ%ﬁrbicarbmnate type, tLittle Lake Soring, is A
calciuﬁ&bicawbo&ate—chloviﬁm type. The Lumber Mill site is of
the sodium—biparbomnate-~chloride-sul fate Gype, antg a well - 87
3BE/258-11F a sogdium—bicarbomate~chisride-sul fate water,
Hawe;ﬁv, the modified stiff diagrams indicate that the waters are
oFf alil of one family. The wvarinus cation angd  anions ><&Hcapt
piarborate whiech dominates the anions) mast hwvéé aroung =W
paercent of the millieguivalents so they drop ivn ang osut of  the
computer classification. £ modified stiff diagram of the Little
l.ake Eprivg 1s shown as Figoare 1@, o
Mising models did ot work well on Littlé LaMm/tumbev Mill
site waters., The sericor author Teels that tha'ﬁa}cium and bicar—
bornate ions are a contribution From a}pineiwatev%. The sodium is
probably peocthermal, ang that the maprnesiuwm is robably  leached
from +the basalts. The writers F-.-tei ' "'E!.‘Y‘;‘. L et ronpgly that  tne

chloride represents a ocoso peothermal componernt. The sulfate is
more difficult to evaluate. Its sowee couwld be Geothermal (Coso)

or desp Rose Valley waters, Isotowe data confirm the presence =f

a geothermal component in the norcbwesterrn Indian Wells Valley,

48
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BROUMD~WATERE OF THE INYOMERMN INTERNEDIATE

AND RIDBECREST WELL FIELDS

Thase are comnplex waters. Sodiuwan is usually, electrically,
the dominant cation, although caleiwm oeocasionally is. Maprnesium
contents are  low. Bicarbonate is almost always the dominant

anior. Chioride is uwusually the rnext dominant anion. Sulfate may

\

or  may rnot bhe preasent in anounts large srnough to appear in the

computer claszsification,
K

Orly order of magnitude results can be determined by mixing
models becawse of reactiorns of proung-waters with encliosing rocks
(solution of mineral, depossition of minerals, 1o exchanga),
transpiration (loss of water From olant leaves), evaporatiorn, and
Mixing of THes or more waters with o without chamical reactions.
In using mixking mnodels chioride is often weighted hé;vily bacause
it is the 1on least reactive (o surrounding rocics. Also, what
waters gD w0 mix? Howawver, 1t appears thalt the waters of the
Inyak&ﬁn Field ecouwle result from the mohcaﬁtratiap»-ﬁfﬁﬁﬁlpjw@
Haters by evaporation arid transpiration and rhiu:ir.‘g Aith a few
pereent nahhernal by i vieas . The imtermwﬁiata'Figid Qﬁuld have
less geothermal leakage or abher B3 oFlorade 1eékage. To

make  the waters of the Ridgeorest field wauld recuwire a  larger
peosthermal component tharn  to wake the dswal waters of tnae

irtarmediate Field, but less tharm-that o

-

£ ouhe Iriyoaern Field.
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BREMHDOWN OF NATERS

Chemical analyses of mprourowater sanples from owiells ano
springs in Township &2 Soubh, Ranpge 37 East (EBS/ITED auﬁwg + e
Sierra Ffront ang at Coso Jurmetion, are similar o grmdhdwa#ev
typirally Ffound on the orest of the Sisrra-dNavada rangpa, lopated
west of Indian bells Yalley. Township E7 Soutn, Ranpge 27 East,

includes the soubth part of Rose VYalley and a portion of ihe east

‘slope of the Siervra range. Hil of the analyses used from this

sechtionr came  From  within Rose Yalley itself. This arean  was
iwwlmﬁéﬁ i the stugdy pbecause of 1%s olose progimity B Indian
Wells Valley and preawviows stuwidios whinh suggest  watery movenant
From Rose Valley into Indiarvr Wells Valley throuph the Little Lake
area. Tﬁ& shallow waters found in Rose Valley are $Syproally a
nalcimm_ﬁédiumwmmgnaﬁium~bicarbmnst& tyne based on tﬁ& 2. water
classi—Fication scheme and are a rasult of direct récharge from
the Sierra Range to the west.

HWaters from the Rose Valley Aarnch bhouse well andg ivréqatiow

well to the Morth are of the calcium—sosgium—sul fate—-Bicorbmmate—

chloride type. The house well is &7

wm

feat desp amn! the

irripation well 7284 feet deep. The 1vyigation well is capable of

produning 2000 gpm without measurabl e’ oyraw ;mwn (Phil Hermis,
Persormel Communication 1873). ! . -

Grly  one water sample was wbgaiwe% %rgﬁiprhﬁhip e Bouth,
Rang@ 326 East (2B /30E) . Thi% ﬁaﬂéﬁ@ w&ﬁ' taker  from  and

exploration drill hole jusy east of Red Hill (ZRS/38E-2@41) arc
e wvery similar to water from the Little taxke ESampling =it e,

The +Hetal disscolved solids content oFf the water From bris well
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The water takern Ffrom the Red Hill site hHhad a high =ilica ‘content
(BE mpsl) implyirg some cormestsion with geobhaermal Awtivify.
Township 8 Soawth, Range 38 East (&288/33BE), ineluded the
Coso Geothermal field in the rnorthwest, part of the Coso Range to
the souwtheast ang cortains a wide ranpe of  water typas, The
array of differences betweern the waters can e attvibﬁted to
pecthermal activity, wvariows orillivng depins and scructural

differences throuwghouwt the area. The principal geosthermal  bOrine

\
\

i3 of the sodiuam—obhloride tyoe with abowt S868 mpsl total
dissolved solids. This area is located to the immediate rnorth of
Ihdianﬂwells Valley and may be affecting the cuality o»f water in
Indian Wells Valley itself wia both Coso Valley and Cwsal Basirn.
Thers is sone evidence that neathermal waters are entering Indian
Wells Walley in the area around Little Lake and the basalt flows.
Two observation holes have beern drilled in Bection 1B (E2E/I3E-12
D1 and 1GCL). The waters srnoountered in these hol e:s“o .e.n"e mixtuwres
of sodium—chloride tyne pecthermal brines ang  valley i angerflow
which 3is similar to the alpine waters of Haiwee spring at  tnhe
head of the valley to the rnorth (S18/38E-101), The w@stﬁ;ﬁ moet
well'watér is about S0 percent geotharmal laakégw an;'xﬁ barcent
valley underflow, the one to the east is &6 beﬁpant ‘gaathermal
water and 4@ percent underflow. Thg holes. are a quaﬁtmr of &
mile apart. The Tipures which were naléu;ated by a echloride

-~

miving model and cheoked with mixing wmodels of the otbher major

ions. ’ rm -

The water samples which were collected from Tess/i8E~-BC,

Little tLake Spring, and the well at the site of the lumbey  mill
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(re yemoved) insludge the well sn B0 whioh is 1358 feeld dmép. M11
are conplex multi-cation and anior waters that we have dw%ignated
the Little Lahke muwlti-cation type.

The northwest covrner of Intdian Wells Yalley lies in foww&hip
23 Bouth, Rarnpe 38 East (23IB/3LE) and includes the arcas both
north énd south of the Little fLake swface water dividge.  Ground-
waters wnorth ang south =f the divide are very %imilar inm
csﬁpaaition with only a slight inorease in total dissolwved solids
to the south. Pumping records From the lamber mill at thg ot tom
of Niﬁé Mile Canyon show virtuwally no drawdown  over  the past
years even thouph over 16803 acre feet of water have been removed
from  the area armually. The recharge rate to bthe area effected
by the ?umping must lopnically be enual to the amount of  water
being wem;ved fyom the aguifier by thnat pumping. Water from the
area of the lumber mill is high in dissclved smliﬂéland appears
to be effected by contributions from pgeothermal waters. Water +to
the west of the lumber mill sitéy fowardﬁ the Gierra Rarvpe water
guality can be expmeted to imbrove as one leawves thefiéweg wal ley
fill and moves uppradiernt towards the mc-ur:taiwfss. '

Township £3 South, Range 39 £ast (&39{395),-1195 towards the
center of the Naval Weapons Center and’ ir.c:lls.u.des Airport L_a;k.te anii,

o ) ..
in  its southwest corver, part of the basalt flows. Mo water

. H
.

5amp3es‘ have beer analyzed from téis'amaa. Hopewver, sirvece thais
townsNHip lies directly soubh of the CosSc gecthermal field there
is a strong possibility that any proundgwater found in this  area

will wontain a significant geothermal nomponent.

Township 23 South, Ranpe 40 East (236/4@6), lies east-

]
"l



rortheast of Airport Lake ang downgradient from Mountain  Earinops
Canyon and Renepade Canyon. This township is also located within
tne Maval Weapons Center. N> water analyses from the £&wwship
have beern Ffound,

The Mountain ESprings Canyon area in the drgus Rahje lies
within Townsbhip 23, Range 431 East (TE23/R41) and is lmcmtmﬂ to the

rortheast of Indian Wells NValley. This Township ineludes

\
1y

Mountaiy Sprivios Canyon watey analyses. The water of the spring
itself is of the caloiuwmsodiuwn—magnesium  bDicarbornate--chloride
ty#e. n.uater From the Wild Rose Mine is of the ocalowim-sodiwum~—
magresium-bicarbonate types.

Township 24 South, Rarnge 28 E£ast (TZ4/R38) lies directly
south of the township containing the Little Lake oivide and rests
along the Bierras on the western side of Indian Wells Valiay. In
the rnortheast and esastern sectiorns of the t@wnﬁhip{? the waters
are of the Little Lake/lumber Mill area type. In the southwest
corner  of the township the wateyr guality im wmimilar +o  an
"alpine" type watear.

Township 24 South, Ranpge 29 East (TE@/R39} jis located
rmrrbhwest of China l.ake FPlaya armg soubh of thé' :m§m .G&qthevma}
Field ang includes the southeast sect ion of the sasalt'flqw and a
powtgnw of the White Hills. The ghemical. composition of the

waters in this area are mainly sodium-bidarbonate. Waters from

this area have a high uiﬁﬁnlved-éolidghcuwtént., Drillivng has
bearn limited irv this area dus to the guality of water sroourntered
and the location of the township within the confirnes of tne MNaval

Weaporns Center. It is possible that the water from this township

has been affected by inflow from the peothermal area, Powever,

5

&



there 1% insufficient gata two sunport this soea.

Towrnship £4 ESoubth, ARange 48 Hast (T24/R43), includes bihe
southeast portion of the Hhite Hills and Paxton Ranch to  the
southeast. The township lies entirely within the confines of the
Naval Weapons Center ang contains only a few scattered wells.
The +Hownship seams o be an area of wabter misxing with @many
complex types - ﬁmﬁimm—chlmvida~bicawbonate (A1, White :Hills),
smdium—magnasium—;alcium~cﬁloride (29513, ca&cium—godium—éhloride
(E4EV) and sadiuwm-caloivm-mapresiawn-chloride (38 M1, ﬁaxtﬁh Ranchl.

Township 24 South, Ranpe 41 East (T24/R41), includes'part of
the Argus Ranpge on the east side of Indian Wells Valley.
Fournié; (1873) sampled a spring in Bilson Canyon {(Secticon 137,
The water is of the calcium—mapresium—bicarbonate type.

Township 25 South, Range 38 Easzt, (TeS/RIB) is located along
the wﬁaﬁgrw wedge of Indian Wells Yalley and irncludes the area
wowthwest: éf Leliter. Hater types wary both witﬁ_ depth and
location within this township., Uater from wells ih";ections 13,
14, 23, and £4 are similar to waters from the Los Ongeles
agueduct. The waters differ sliphtly from aloine watﬁva;-by an
inerease  in magresium antd a deorease in caloium. égwevér, the
changes are minor and positive differentiatiorn of water type
between alpine and agueduct waters is very d;f?imult, if ot
impossible. These alpine waters are br@baSIQ a direct result of

recharge from the Sierra range. ) -

Sard Canyorn surface water was sampled from a short stretoh

of stream in section 7 on fAugust 21, 1986. This water was an

——r oy e e e Coe e NN



alpine type water, since the chemical composition of water  may
change drastically upon removal from the pground, this sample  was

rot umed in the overall irnvestipatiorn of water quality in  Indian

Hells Yalley. However, the stream was reabsorbed into the pground

shortly below the sampling site thus providing recharge to the
ground—-water system in the valley.

YA water aaﬁple from a deep well in the rnortheast am#war of
the township (section 11} has the characteristics of Litti& Lake
type | water. Although this lies in the middle of the
aforem;ﬁtioned alpine wateyr plume, the deep well pvabably'ﬁamples
from a lower aguifer influenced by the higher density 1it§3a lake
type water, This sampling site was the Fuwithest southerry, axtent

of the pwe little lake type water sipnature.

In SBection 36 «f this township, a sample was:;ab1m~ to  be
colleated from one well at different depths. There was . an
overall inorease in TDE and a great inorease in Eulfate with
depth. There is rno data From the BW corner of this gg?tigﬁ.

Township &5 Souwth, Ranpe 23 East, is Yocated :fwwmwdﬁ the
center  of Indian Hells Valley and lies worthaast ‘n? teliter,
This township lies almost mn;irely yithih the éawfinés of  the
Naval WNeapons Center and contains a, few séa#tewad walls., Mary of

-~

the wells were sampled in 1946 with no ‘recent samvles taken.

- .

There seems to be both Little Laﬂe-typelyateréAahd alpirne waters
in this township. Because of limited depth data, it is  not

possible to irterpret the proundwater system in this towrship.
Township 25 South, Rarpe 4@ East (TZS/R4d), lies to the

north of firmitapge Field, irncluded much of Chirna Lake Playa, and

@
b
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Lenter., Duspatiy eorntroel for this sention i al@mo wvery poory yet
+there appears +o be a specific patfern in the guality of  the
water Qithin this township,. The south and southeast edpes of the
township contain  water of & tistinetly higher +total dissolved
solids and are of a sodium-chloride or sodium—-bicarbonate type.
The western part of the ssction appears to  be iwflueﬁced by
alpine +type waters. Yenrly samples from a well v, section 26,
from 1874-1976, (depth 174 feet) show an alpine type water.
Water From section 18 also is strongly influenced by alpine
wat er. Perbhaps water is coming From the west and forming a plume
into tﬁiw section.

Teknship 25‘ South, flanpe 41 tast (TES/R41), ;neludea
porbions of the Qrpuas Range and the southeast section of China
Lake Playa. There are few samples From this township and all of
them are from the Chirma Lake Playva area. This water is A o i um
ehloride it;pe with high total dissolved solids and ;js prmbably
directly related to evaporatior, near and in the play:‘iﬁ area.

Township Z€ south, fange 320 East (T2&/fA33), lies +to +the

southwest of Leliter ang contains watey sanples form a well

located in 15Q, the Tungsten Peal Mine (Fowmewly«f%ﬁe iHi—Deak
Mive), Indian Wells Canyorn, and sites furiher east ;w;th& valley
alluvium. o

Water from the northern half of the b#wﬁship is primarily a

sodium—caleoium—sulfate water. This water type extends all the

.

i

way aocross the bownship and iy the rnext township o the east.

N

. ) . .
- The water sawmple collectiory From the Tuspsten Pealk Mine came From

the third level from a pipe driven into the bedrocic in that area.

N o ot AL R h wty e
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Ther walls to bthe souwbh and east of this area ars probably getting

water From  the bedrooi, the bedrook is supplying water the

alluviwn

A deep well in section 27 (783 feet) which was sanpled in
1974, bhad a total dissolved solids content of approx. 300 mg/l, a
fimld pH of &.32 and a sample temperature of £29.5 decrees C. The
high\‘ t.,e':mper;-.rt\.n*e ari abr:v:o;*mmlly low pH indicate that this water
may have beern effected by peothermal activity.

Qn@hh&r indication of geothermal actiwvity in the aresa comes
From a well in the scubheast corner of the township. This well
bas a TDE of less than ZUD mp/l, a field temserature of 27.5
dergreas ?. and & pH of B, 34, The water ids of tne sodium—
t:'&'n"‘b'.."ﬂatf.“.ttj.yll)éh Alpire water lies to the west in section .33.

Township 26 South, Range 32 fast, (TEE&/RZID 2§nc1uqes the
towrn of Inyokern ang the western half of Inyohkerrn Road., Sections
23 and 24 cdisplay 2 distinct water bodies above and bg}aw Can
indicated break line arcowd Z0G-350 feet. ﬁerhaps}iﬁhis is a
sapawatf%g clay 1ayer. In sections 22 and EE_the ‘water bodies
are basically all the same.

Tuwnship £6 Swuth, Range 4@ Eaﬁ%f(TEé/é4@) encampaﬁgea the

. :

towns of China Lake and Ridpecrest, the east half of the Inyokern

. .
T

road and Armitage Field. ESamples from this township indicate the
presence of tws gualifiers. The shallow aguifier, pererally less
than 0@ faet, has bean sampled extensively throughout the area

angd contains overy 40 years of records, In the last 18 years or

S0y tThere has beer an overall irorease in total dissolved solids.
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This' inorease seems to be related both woacially ang ohemrically
to  sewage effuent from the sewage treatment pornds lonétad in
seantiors 13, 14 arnd 14'a arnd the golf oourses, waterad by the
effluent in sections 23 and 4. There is a limited amount of
data awvailable on the desp, penerally greater $harn S00  feet,
aguifier but the water guality seems to be relatively constant
over time except in the case of one deep wall. The two agaifers
are probably separated by a structuwal control swueh as a  clay
layer ‘which prohibits or inbibits movement of water between the

aguil fera,

the water guality of the shallow aguifer varies greatl, and
spacially. This wariation is due mainly to an influx of  sodium

sulfate water, The spacial relationship between the sewage ponds

>

andg  the contaminant plume and the fact that the sewape effluaent

.

iz 5 sodium sulfate water, points to the sewage lagdons and the
watering of the golf course as the principle contributors t.5 the
inorease in total disscolved solids iv the very shallow Agaifer.

THis plume of contaminated water yuns ME to 8W and can  be SEPEn

most dranatically on the sulfate oconbour ~omap penervatd by

computer,

.

Thare im & limited amount of, data available For the deep

-

aguifer in  this area, however, it appears that the guelivy of
- . e Tt .

T a

water has rot changed ﬁigwifiuantl; mv&ﬁitim&f

Water samples obitained from the north and noytheast sections
of the {fownsbip, in bthe viainﬁty of Chira Lake Playa, Bhow  an
inerease in sodiam ohlovige content probably due tw the pronimity

1

of China Lake,



Township 28 Soubth, Rarnpge 43 fast, (TE/R41) lies to tbe sast
ofF  Chiva l.ake ang includes Lone Butte and Salt Wells wvalley.
Mater samples from $Hhis township are of a high dtotal dissolwved
solids, sodian ohloride type and are not switable for dome: tic oy
irrigation use. These waters are very similar 4o thosze found
qust  to the norbhwest of the township in the China Lake playa
area arntd  to waters pumped from the Leslie €alt Company wells

lovated ivn 2E8/432E-17D.

Township 27 souwth, Ranpe 28 East (TR7/R38) lies in the
southwest  oorney of Indiarn Yells Valley and  iveludes A istead
ared Fresman Junot i on. There av*é few wells located i this
township | but tﬂmﬁﬁ with watey guality arnalysis in  the .mwﬁtern
siavrian portion indicate that the water is of thei%lpiné Ty e
Rater Ffrom section 31 B is of the sodium-carbonate type 'uith a
total disselved solids of 196 wa/)l and a flouride content of 4.6
mp/l. B

Township Z27 S8outh, Range 39 Eaat (T2 /RIS iz located just
hérth of the El Paso Mountains, Mary of the.wél}ﬁ in é?S/#@E have:
waters of the sodiuwm-chloride typs alfhmug& there are wells with
other types of water (5adium~chlowi#ambiéawbanate, with 45z mgsl

-

TS, H?Q/4@E~19)¢ Roth of these typms of waler could represernt

pecthermal leakape. The seeohd-@ypé-%wmuld'bé a mixture of a
sodivm—ehloride and a wodl wn-swlFfate gecothermal brine. Haystack

paaky to the east, exhibits srow melt. That is, after a lipht to
modarate srnow, Haystank peak will be snowe free while +the

surrounding  areas  are srow ocovered, thi®s in an  indication of



e

genthermal leakage. Weell defivred snow melt areas osocow at Coso

angd Roosevelt GBecthermal Fields. Roosevelt 12 near Milfooerd,

of ETFES/41E may be leakage fe-om vhe Haystack

Ut ah. The waters
system entering the township over clay layers in the alluwvium,
s\
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;
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CHOMNBEES OF WOTER GUALITY WITH DEDTH

Watay nualiﬁy is a relative termn What 1m0 pood .qualéty
depands uporr the  use. Woat would be excellent ¢u1inawy
(drinking, domestic use) water would indeed be poor guality water
for the producer of salt. High guality water in a hot wa#mr~type
geothermal reservoly would have a high temperature and la& total
gimsolved oolads. Foeed water For the boilers shouwld have low

disosolved solidses. However, most people consider water

'

total \
qﬁality iv berms of culinary waters, irrigatiorn water, and water
fiory livestook where the pross measare oF guality ié total
dissolved solids but certairn trace 2lements, for instance arsenic
ivy em‘awary water, boron in the case of irrigation water Swe alao
impartant: . Hem (1905, pp. 210-2158) pites E£9A ﬁﬁahdardﬁ For
culinary waters ard pives a good discussion of w&t&% guality in
ralation o use including irdustrial uses. In this ssction water
quality is refervred to in the gross sense—increase ofi total
dissolved solids.

Water quality may inorease, decrsase or Pgmaiw eonstant with
depth. Aﬁoma eramples of water guality deereaﬁing slightly with
gepth include $the Little Lake Lumber Mill~ha£ars. The soring at

“

Little lane bas a dissoslved solids Qphb&ﬂﬁ‘@f 1064 mg/L while

. .k
S

the  Lumber Mill :ite well with a éapfhﬁmf &1li- feat has water of

-

.

1280 Mg/t A deep well just inside the base (268/38E-21R)
near the lnyokery substation had a dissolved solids corntent of
only  &1% Mg/l (residae at 188 ©) and calouwlated total dissolved

50l idgs of &2l Mgil.. Figwre 1@ shows the disscolved solids content



o Eni s ween Dub very sure waber and tne shallower walls  around
it (Figure 1@). Fipures 11 arnd 12 show variatiorns of water

guality in somne walls of warying depth within specific sections.

CHANGES OF WATER QUALITY WITH TIME

Thare ars bwo schools of fhouwant on the ground-water . system
wf  the Irndian Wells WYalley. Grne school, whose stronpest
proponent  is Dr. Pierre 8t. Amand (188&), is that <$he ground-—

\
wateyr @system im oa olosed baszin and that lowsses From it are

limited to consumptive use, evapo-transpiration, and svaporation

\s

ST oy e, e oy

From DBina Lake Playa. By making the assunption that the wvalues
i:-’f" ‘thl."-.“ losses at the playa eouals the recharge, one  can  then
present strong arguments, that the users of water in Indian w&ils
Valley are "mining” water and that the futwe of the wvalley is
indeect qu%tg bleak.

The 'ﬁemmnd school, whose most vocal proponent ds Dr. CoafFa
Austin, ackrowledpes the swficial losses given ab&&e but makes
consicderably different aasunpbicons on subsuw face wecha#ge and
lomses and believes that the ground-water system iﬁ' qpen, that
recharpge exceeds the surface 1;5%95, and that Indianléélls Valley
is actually vconbributing water to both Gearles Valley to the sast
through the underflow beneath the Arpgus Rarpe aha > the Hoshu

{ake~{Cantil area to the south thwmugh'uﬂderflow benaatih the E3

]
Frase and Black Rance areas. =

: .t
. R )
-

The writers evaluation of what geschemical. data eontributes
toe the solution of the above dilewnma, both factual and hypotheti—-

2al, will be given in the seckior on discussion, conelusions and

recommendgations,
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The olowsed basir: ﬁchévl iw wery concerned that hbigh usage
will cause sipnificant lateral migratizn of water from areas of
possibly poor water gquality, hence degrading waters of where deep
punping depressions oneuw. OFf special oconecern is the possible
migration of sodiuws chloride waters into the Ridpeorest well

Fimlg From the southern angd sountheastern parts of the eoity.

In  187% Warver stated (AREY "That ivn 18978 +the dissolved
solids concentraticorn in  the pround water in sone  aresas is

increasing slipbtiy, but where this has cocowred, it is not  yetd

seriouns,

I 1987, Hhe U.8. Beclogical Swwvey made a proposal o
the Indiar Wells Walley Cooperator Meeting, for Funding,'ow the

basis of water level decline and water guality degradation. They
dooumented this with five graphs. a

The writers of this report bhad computer print ocuts of
the wvariows ion concentrations of all sample sites uwsed by the

U. 8. 6. 8. with serial print outs and  they tried to estimate

charnpes of quality with time wvisuwally. This dib: not prove
satisfactory.
The approach Finally btakern was to convert the $ine intervals

to days ang to calouwlate total dissclved solids by =mumming the

Mmajor compenents — those with concentrations yeported in:ﬂgll not
. AR )
micronrams/sl. There is considerable Scatter)” probably due to

novmal variance of arnalyses, slight variation in the components,
mistakes in analyses o reporting, etec. Repgression lines {best

Fitting lires mathematically) were ther calouwlated for the data.

If the Fit was good (poodness—of-Fit can be calocwlated) arnd i

s -
[~
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the slope  i9 positive the ouality of water was decreasing, i f

negative, ivereasing (SoubtfFall), or if zero remaining oconstant.
This approach was  partially suweoeessful. It was oiften oot

however, because of poor cwwve fits because of the scstter noted
&HOVE .
Exmept  Ffor a Few wealls in the Ridgeorest aroe, ard  the

shallow waters of "arsa R? on NWC being contaminated by seepape

\
\

From Lhe sewage ponds, the wreiters opivdiorn is that fhe guality of
water irvn  the Indiarn Wellis Valley is ehanging littie if any at

momt wel ls.

siiamiary, DISCUBSSION, CONCLUSIONS,

AMD RECOMMENDAT I0MES

Ther obvious conclusion one can draw from this study is  that
the peochemistry of pround-waters ivn Indian Wells Yalley is  wvery

compl e, Usir

a computer classification of waters by rincipal
catiorns and anionsg of 254 water types possible w.oer the

plassification sohems, sone 595 ooour in the Indian Weils Walley,

Rose Valley, the Sisrras, the Coso and Argus Mountainz, the Coso
Gaothermal araa, Salt Wells and Poison Canyorn.
By lumping similar waters topether,” the followirg major

ground-water Flow calls ocan be delineated: |
] .

-~

Sedium—ohloride waters - Coso Geothermal Fielo, China
Lake Playa, Southeasterwn Ridgecrest, Salt Wells, an
Poison Canyorn., R . ©o

Sowd i um—car ’:'th‘ah&ed waters -~ Coso Gaothermal (orne site).
[

1
e:w-"fw i, Bites are ‘;féﬁ}”,‘/‘ l“‘?ﬂw very possibly indi-
cates geontnermal inflow ivito the rnoribuesd part of
the wvalley. SooThues i

Soddiwn bicarbornate waters oocur 1y & Horss shoe shapec

e R LI T PP R T C o e Sa e e e . L N L T TR (v Im



ariea From Lryokeryn up to the dividivg lire betweern TE4ES
ang TESES and  back  down b Tiohel son Laboratory.
On the oast side of the horse shoe an area of mixed
waters —~ sodiwm-bicarbonate—-chloride oscowrs  between
ther sodiuwm obloride brives of China Lalke Playa and  the
s06iun—bicarbonate—waters, indicating mixing arouwnd the
Playa.

Sulfate waters of wvarious types — Walker Well in  the
Sierras, the Tungster Peak Mine, a well in 260/3BE-15,

some  wells about & miles north of Inyokern, ard ﬁeep‘bvv

"

Rose Valley wabers. The =source of the sulfate may, ©be

. . ’ . “ )
onicdation of suwlfides formed by mireralization (the

) Walker Well and Tungsten Feal Nined), or peocthesmal.

Thee wery shallow. waters in "area R7, Naval Weaoorns Certer
are corntaminates with sogdiuwm sulfate rich waters Trom bthe

Sewaje povichs. .

K
Alpine wat et - waters characteristio of the
meowr G ailnous reglons. Caloium—so0diunm—mapynesl un--bicarbo-

nate waters with low total dizsolved solids.

Ret’ Mill/hitsle LakesLumber Mill Bite waters 33
BoOmEwh at variable plazsification by oompuder, dut

whieh generally give similayr mooified s6iff  dianrams.
iCaleiwn— {sodium-nagrnesi umnd ~bicarnonate—~ehloridoe—{nul-
FTave) wabaeras, frvabably a mixbare of Alpins, Deep Rose

VMalley and Zecsthermal waters. :
SBround-waters of the Inyoskern irntermeciate, and

Rivpeorest weall fields. Lol am iﬁ usually tHhe dominant
catior although someb ines ﬂalcimme’me‘magh&ﬁium. eontent

is wsually 1ow, Bicaroonate and chloride arce Lhe importany
BV L DY . These wabters could be formed by cooneentrating
Alpine  waters by btramspirabion  and avaporalyion  and
Mmaving with small amounts of geotbermal waters. The

waters of the Argus Range are sodium—caleoiuam—-magrnaesius—
hicarbonate waters. .

Water gquality may cegrade, improve, o renain constant with

gepth. In wmownt cases water ouwality has oharmed too little with

time do be ddertifiable. Exception ard a i Few wells in  the
Ridpeorest arsa, Depracatiorn may- repreasent vertical leataps Fyaom
low ftamoerature geothermal reservoirs ivn Sedrooik,. Other poussible

aress of geothermal inflow are the asuthwest corner of tre valley
antd the Haystaok Peah areas of $thee Boangler Hills.

The DYSIWE IR realiwabioy of pymdaisie trhruastir g with
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aswmon i aled ﬂ..',lﬁz;t;ia:al Faulding iy the Susvrvas, the Cosoe Roange  andg

the fArpus Range baes ownary inplications on interpretat:on of  he
groung-watbter geocohsmisbry. Trme panging wall of a Hrreant  shaees

woulda  pembably b an aguatard - a Darvise To round water Tiow,

Ther Fstwall iw probably badly shsareud. Thme orusneds Toot o wall of
a thyasdt ive  the  Jouirrh Mouantans of  Wbah im Kyrow  tiay the
opereting geciogists of the Bingham Canyor Dodper Mine {Formerly

Coppe~r

Mevmeoot s 6%?#» Comnpany raomw Eritish Satrolean Minerals) a=  the

"ehaotic  area. Thus the Footwall of a thruast oouio we.l be a
Ri

ey aguifier  while lystical Ffaulvs and  daisny  shaped  thruses

{81 Iverr, 2 EEE) WAL S HErWEe as madoss water oolleotors dn s v
Narpwall By ET @i, . Eyranturs perpeabel ity can e very high, e

asamples, iv driving the San Jacando Tanrmel dn granitss  flows of

16200 ~
ey to LEEAE gpm ooourreed witer magor Faulis weny e OB R e
¢ Procter | white end Terdoghl 199 prap -28)
{Odedrgritsmmrt Vel & gechdermal il L {HA-E) v bhe Roo

3

mEvelt Fisld  naar

Milfwwd, Whab, weoduaesyy Trom bhe oome fault zorme witt a diameter

of  Just aver vdane drebes bhaa o an dratial eass Fiow o of 1, 508, GO

poants oFf  slads argd watey an hooar sappraxamately E@U%,épm); {Re
Leevizriv, DETBDIAaL Domia et S Gy, 197 . Thus  watey could be

enterivng the Indiar Wells Valley From beneath $thrust plates of
the Bisvraf o, ‘.

o : .
Armther aspect of poszisle thrusting v $his region is  that

) © e g

. ,
the lowsry plates are believed to be sedimants «Erskine, personal
eodnipan icat 3 i, .880). Al=w  bhe basement under Irdian Wells

Valiey ocoule be sediments. MIFTFIdvys (iBER)Y ivv & paper entitled

Dewiinab ion ef Ground Water Elow Syeiems In MNewvada snows there
are largs dirtertasiv flows of pground-water betwear DA LY, urider



Ui rch 18, 1488)

Mot S iy rarg i Mevaisa. T MW ﬁucﬂeteew/wmted that soprings

at Lthe Death Malley Ovyn NMine in tne Parvamint Valley mabke &8, G003

gallorm a day or ¢ acre-fest a year. This may b2 an ewample of
sunh wnder flow bDeneath the ranges, It i bhighliy probable that

LNmre i interbDasin leaksse Froo Indian Wells YValley throungh  the

i

Doison Carmyon  area and whder the Mrpus Rarvpe a3 & whole anto

Gaaries  WYalley. I i aiss highly probadle that waters are
\
entering  Indian dellis Yalley from the bsdrock basenent. Thnere

arg good indicaticons -~ measursed Tenperatures, posaudo-tenparature
gwmdié$t%, anc  oPemical geosbthermometers -~ that the e 15
geobhermal leakage into the wvalley west and jJust rnordth ang  south
of the wmalrn gate of the Naval Weaporns Cernter. The Haystac< Peak

whien BRIt ®E A wesy anomalouws patbtern show meldt PATTE Yy mMaYy

represent | anobher souwrece of peobthermal leakage into the valley.

These gectbhermal plames may be o partial cauwse of some loiss of

1

water  guality, Wata, chemiszstry ivdicates probable gpedibhermal
leakage inta the soutb--western portion of the valley recojnizing

that the Little Dijde area 1= & deep circulays sub-basing

saparate Trom the Indian Wells VYalley. The fact ¥hat a ocomplex

]

water ooowes  all bthe way From Red Hill in Rose Valley s bhe

Brown Ruad furn in Irdian Wells Valley indicates a major f.ow of

flose Valley intp Indian Wells Walley. The

~

ground--water  Fyom

lumber Mmill  used asout 1, 800 acre-feet oF 'water a yeanr (C. Fa

Foaad in, parasonal mmmmunicatioﬁ -;m wh;}an, 'Eﬁnﬂ 198&); Hhen
wollectine a sample there millworkers told Baskin that ther e was
wery little ddraw domwn Lower Little Lake Spring Flows about one
aubic food a second or over 788 aore fest per year. Most of +this

infiltrates. These facts andicate bhat the estimate of 45 acre—



\s

2

feamt & year srierving (ndian Wells Valley from  RAose  Valley by

Bloyd and Robson (19713 is absard, The 16, 33 acre-Ffeet estimate

of Thompsoyn VIS SEEMS oy yeasonable { and couwld trer
conmserwvativel., Arothey source  of recharge  that has been

rnaglected is  leakage  From the old agueduct, which Dr. . a
ABustin estimates to be about 4, 8@ aocre-Teat in Indian and Rose

wial pommuwriica-tion to Whelar, June 1286).

valleys! { paa

Arotiher  sowrce of reoharpe usually rot considered s water  from

the Sipvrian granites and netanorphics. Fauwlts, goints, ang even
micro—fractwres  all contribute to permeability. The Tungsten
fAsalke -+ fMire, wheyy  Lant iy opsration, (angd  vever completely

gewatered)  wade 118 gpm of water (Dr. O, Fo st iriy peyrsonal
commuviication o Whelarn, Jwee 1958) o 178 acre-feet a  year,

There i3 arnchbbher souwree of this tyepe of caleiww-2oedivm-zulfate

water, a shallow wall in 268/38E-22D. W At the pregent time the
writers feel that enough usable chemical cata are now available

to earnable interation of Fflow data with structure gata. ﬁf@ev the

pecchemical data bhHave been integrated with the stiructural  and

other data {tnere may thHey be additional eritical sites  that
should  be sampled andg it mipht bde desirable to- obtain  Tritium

ages on sone OfF the fundamental wat&r'bypea.
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AREENDIX A

i COMDUCTIVITY &, TOTAL DISSOLVED sSOLIDS CURVES
A\
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