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FOREWORD

The Naval Weapons Center is conducting a continuing program to

determine the geology, geophysical signature, and geothermal potential

of the region known collectively as the Coso geothermal area. The in-

vestigation reported in this publication was conducted for NWC by

Hydra—Search, Inc., Reno, Nevada, as that company ’s Project 1151—78,
under contract N62474—17—C—6727.

This publication is a facsimile of the contractor’s final report.
It is published in facalmi3e to make read ily available to other workers
involved with the Coso geothermal area the data, conclusions, and
interpretations developed by Hydro—Search in the course of their
investigation.

The investigation, conducted October 1977 through January 1978,
was funded under Task 50362—St.
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1.0 FINDINGS

1. Princi pal rock u n i t s  which occur within the area are : granitic in—
tr usives, Tertiary volcanics , Coso Formation , Quaternary volcanics ,
and Quaternary alluvial deposits.

2. Based on widespread areal distribution and overall favorable hydra—
geologic characteristics , Quaternary alluvial deposits constitute
the most importan t geologic units with respect to recharge and
occurrence of ground water within the local, shallow ground—water
f low sys tem of the Coso Hot Spr ings  sub—bas in .

3. Although  no o n — s i t e  p r e c i p i t a t i o n  records are available , prec ipita-
t ion—elevation relationships for nearby climatological stations ind i-
cate a long—term ave rage precipitation of 5.2 inches at Coso Hot Springs .

4. Recharge to the local ground—water system within the Coso Hot Springs
sub-basin is derived from infiltration of intra—basin precipitation
and probably subsurface underfiow from Upper Cactus Flat ground—water
basin on the north. Local ground water moves to the south from intra—
ba sin recharge areas , ultimatel y discharging to Coso ground—water basin .

Ave rage recharge to shallow ground water is estimated to be 390 acre—
feet per year.

5. Deep regional ground water , with p rimary recharge areas along the Sierra
Nevada on the west., flows from west to east through the Coso Hot Springs
sub—basin . The quantity of subsurface regional ground—water flow through
thL ’  s u b — b a s i n  is e s t i m a t e d  to be approx ima tely 2800 acre—feet per year.
Ground water in the regional flow system increases in temperature as a
result of deep convective circulat ion , in- luding heating by the magma
body which underlies the Coso area. The circulating ground water may
also rece ive therma l fluids which rise from the magma.

6. In the immediate vicinity of Coso Hot Spr ings , a pervious north-south
trend ing faul t allows deep—seated geothe rmal fluids to rise to shallow
depths. Cold ground water of local origin moves laterally and inter-
mingles with rising high temperature fluids.

7. Field inspection of the spring indicates that considerable man—related
modification has occurred. Past activi lh-s probably have increased
the rmal man ifestation s at Coso Hot Springs h’. in creasing communi—
cation between local ground water and geotherma] ~1uids.

8. Available hydrolog ic data indicate that the regimen of Coso Hot
Springs , including temperature , wa te r level , and dis charge charac-
teristics , is variable over time . This varl i h i l i t v  is largely
determined by variations in the contrihut i ot. ot lot-al ground water
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which in turn is determined by recharge of precipitat ion and surface
runoff within the Coso Hot Spr ings sub—basin .

9. Extraction of geothe rmal fluids for a 50 megawatt generation plant
within the anticipated area of geothermal development to the west
of Coso Hot Spr ings is no t expec ted to cause a major  change in the
regimen of Coso Hot Springs . Factors which indicate a relatively
minor , or negligible , change in regimen incl ude:

a . absence of pervious cross—tying geologic structures which
co u ld afford easy hydra ulic communication between Coso Hot
Spr ings and the proposed area of geothermal deve lopment ,

b. a projected quantit y of ne t remove d geo thermal fluid less than
the estimated deep regional ground—water flow through the area ,
and

c. the apparent principal dependence of Coso Hot Springs on local ,
shallow ground—water contribution .

10. In the event that it is necessary to minimize possible impact on
Coso Hot Springs , preventat ive measures could include :

a. limitation of geothermal production wells to the extreme
western portion of Coso Hot Springs sub—basin ,

b. selective reinjection of degraded geothermal f l uids be tween
• the geothe rma l development and Coso Hot Spr ings , and

c. limiting removal 01 geothermal fluids to the deepest aquifer
zones.

Geothermal deve lopment exceeding 50 megawatts could require large
scale selective rein jection of degrade d geothe rmal fluids to main-
ta in the regime n of Coso Hot Spr ings.

— 2 —
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2 . 0  RECOL’NENDATIONS

Co l l ect i on  of da ta  on the hydrologic  regimen of Coso Hot Springs sho u ld

be i n i t i a t e d  pr ior to regionwide geothe rmal development. This would

provide baseline information for eventual evaluation of the effects of

geotherma l development. In addition , such informat ion could lead to

an improved understanding of the hydrology of the springs.

The monitorin g p~ ogram should include the following elements.

I . Modifi cation of existing spring discharge feature s to chan—
nelize all major discharge to a centralized outflow point.

This would permit accurate determination of total surface dis-
charge of the spring and aid in water chemistry sample collection .

2. Establishment of an on—site climatologica l station .

Meteorc logical data collected at the station should include pre-
cipitation , atmosp heric pressure , and air temperature. This
would assist in evaluation of ground—water recharge and con-
fined aquife r effects.

- •  3. Establishment of a hydrologic monitoring network .

This would include temperature , wa te r leve l , and discharge
measurements and samp l ing/analysis for major and trace chemical
parameters on thermal water points in the vicinit’i of Coso Hot
Springs .

Simple peak runoff gages should be installed on major ephemeral
stream channels near the hot springs .

As appropriate , data collections would be both monthly and by continuous

recording. Results of the data program would be evaluated at the end of

12 months . Required change s to increase the effectiveness and to redirect

the purpose of the program could be made at that time .

—3—
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3.0 INTRODUCTION

3.1 SETTIN G

Coso i-lot Springs area lies within the Coso Hot Springs sub—basin (a

div ision of Coso ground—wate basin) in southeastern Invo County ,

California (Figure 1). Fumarole and hot spring manifestations occur

primarily within Sec. 4, T.22 S ., R.39E . Coso [lot Springs is approxi-

matel y 28 miles northwest of China Lake , California and 12 miles south—

east ~f }iaiwee Reservoir . Access is by U.S. Highway 395 to Coso

~Junction , California , and thence eastward by grave l road to the hot

springs area.

The climate is hot and arid. Long—term average precip itation at nearby

I laiwee and i n v u k e r n , C a l i f o r n i a  is 6 .50  and 3 .64 inches .  r e sp e c t i v e ly .

Must precipitation occurs during winter and early spring. No p e r e n n i al

• streams occur within the area investi gat ed.

From a geologic stand point , Coso Hot Springs is located along the west—

em margin of a down—faulted graben structure . Therma l activit y occurs

along t he base of a geolog ic all y youthful , north—south oriented fault

scarp.

—4-.
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3.2 BACKGRO UN D AND OBJECTIVES

Hydro—Seamch , Inc. is unde r contract to the Naval Facilities Engineering

Command , San Br uno, Cal i fornia to perform a hydrologic inves t igation of

Coso Hot Springs and vic inity , Naval Weapons Center , China Lake , Califor-

nia. Objectives are to determine the effects on Coso Hot Springs of

antici pa ted geothe rmal deve lopment in the Coso Known Geothermal Resource

Area (KGRA) to the west of the hot springs and to determine how close

geotherma l development can be conducted without adversely affecting the

hot springs.

Content of this investigation included :

1. review of e x i s t i n g  geologic , geop hys ica l , and h y d ro log ic
in fo rma t  ion ,

2. f ie ld  examina t ion  of geologic rock units and springs and
othe r features of hydro logic sign i ficance and sampling of
waters for chemical analysis ,

3. determination of the local Coso Hot Springs and regional ground-
wa ter hyd ro l ogy , including consideration of recharge , discharge ,
movement , and w a t e r  q u a l i t y :  and

4. d e t e r m i n a t i o n  of the  poss ib le  impact  of geothermal  development
on Coso Hot Spr ings .

The methods of analysis used in this investigation and the resul ts  ob-

tained are appropriate to the quality and quantity of data avai lable.

This investigation was undertaken during the period Octobe r 1977 through

—6—
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January 1978. Personne l of Hyd ro— Search , In c. who participated in this

investigation include Frank A. Spane , Jr. and Dale C. Bugenig, hydru-

geologists , John V.A. Sharp , principal hydrogeologist , and l’atil R. F’enske ,

hydrologic consultant.

3.3 SOURCES OF INFORNAT ION

I nformation concerning Coso Hot Springs is contained in reports of pre-

vious investigations (Chapter 8.0). For the most part , th ese examined

the geologic , geophysi cal , and hydrologic settings from a regional

s tan d p o i n t .  Investigation s of particular pertinence to the current

i n ve s t i g a t io n  are  mentioned below .

Local  geology and s t r u c t u r e  are covered by regiona l geologic  maps by

Jennings (1958) , St inson , et al (1975),  and Duffield and Bacon (1977).

l i t hologic  descr ip t ions of geologic ma te r i a l s  are c o n t a i n e d  in reports

b y Fraser , et al (1942), Chesterman (1956), Austin and Pringle (1970),

Babcock and Wise ( 1 9 7 3 ) ,  and Roquemore (1976). Information concerning

depth and areal extent of the geothermal reservoir in the vicinit y of

Coso Hot Springs is included in geophysical studies by Teledyne Geotech

(1972), Combs (1975, 1976a—c ), Combs and Jarzabek (1977a , b), and Jackson .

et al (1977). Basic hydrolog ic data concerning locations of wells and

spr in gs , depths to ground water , and water quality are contained in

reports by Cal iforn ia State Departmen t of Water Resources (1963, 1964,

1969), Kunke l and Chase (1969), and Moyle ‘1977).

—7—
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4.0  GEOLOGY

Plate I shows the regional geology surrounding Coso Ho t Spr ings. Map-

p ing presented In Plate I is a compilation of previous work by Jer.nings

(1958) , Stinson , et al (1975), and Duffield and Bacon (1977) and work

of the current investigation .

The detailed geol ogy shown in the vicinity of Coso Hot Springs is an

improvement ove r previous regional-scale information . As a result of

field Inspections and examination of aerial photographs , improvements

have been made with respect to location of contacts between Quaternary

geo l ogic units and location of areas of hydrothermal alteration . In

add ition , fielu inspections have resulted in improved information on

lithol ogi c and hydrogeologic characteristics of geolog ic materials.

4 . I GEOLOGIC STRUCTURE

The geologic structura l history has had a profound Influence on forma-

tion ot valleys , deposit iona l patterns of sedimentary materials , dra ina ge

development , and location ot hot sprinl’ — fumarole areas within the

(usu Hot Springs sub—basin. The region Is dominated by prominent north--

south trending fault structures. The location of faults shown in Plate

I was taken primaril y from Stinson , et al (1975).

—8—
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Faulting appears to have been active into Recent time . A conspicuous

fault scarp marks the eastern limit of hot spring — fumarole activit y

at Coso Hot Springs . The fault scarp is youthful in appearance with

little evidence of dissection by erosion .

4.2 STRATIGRAPIIY

Geologic units exposed in the Coso Hot Springs area range from Jurassic

(?) to Quaternary . in age . They are in chron o log ic order , i.e., oldes t

to youngest , granitic intrusives , Tertiar y volcanics , Coso Forma t ion ,

Quaternarv volcanics , and Quaternarv alluvial deposits. The Quate rnary

units are , in part , contemporaneous in age . Location and distribution

of un its described below are shown on Plate I.

4.2.1 Cranitic Intrusives

This unit consists of Igneous intrusive rocks of Jurassic (?) age ,

ranging from granite to quartz diorite in composition . Granitic intru—

sives (Jg) arc characterized by porphyritic texture , phenocrysts of

quartz , bioti re , p lag ioc lase , and or thoclase , and commonly contain irafic

inclusions. Granitic intrusives crop out primarily itt the mounta inous

region west of Coso Ho t Springs.

The granitic intrusives are cut by numerous younger felsic and basic

dikes. A conspicuous glassy basic dike , which ranges in thickness from

1 to 12 feet , crops out along the base of the mountain front immediately

—9— 
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west of Coso Hot Springs.

4 . 2 . 2  T e r t i a r y  Volcanics

Tert iary volcanics (Tb) consist primarily of undifferentiated volcanic

f lows, breccias , and pyroclastic deposits of basaltic to andesitic com-

position . Rocks of this unit crop out on the flanks of Coso Peak north

and eas t of Cos~ Hot Springs. Tertiary volcanics may underlie surficial

Quaternary all uvial deposits within the sub—basin.

4.2.3 Coso Formation

The Coso Formation (Tc) includes conglomerates , volcaniclast ic sedi men ts,

and t uff deposits. The tuff deposits , which are rhyolitic to andesitic

• in composition , exhib it both lacustrine and air—fall characteristics.

On the basis of radioactive age—dating, tu f f  members wi thin the Coso

Formation are reported by Roquemore (1976) to be 2.3 million years B.P.

Duffield and Bacon (1977) report dates of 2.5 to 3.1 million years B.P.

for similar units.

A composi te thickness of approximately 5Cs0 feet is exposed along the

flanks of Coso Mountains , pr imarily north and east of Coso Hot Springs .

The Coso Formation probabl y under l ies  a subs tan t ial por t ion of the’ val—

ley east of Coso (jot Springs .

—10—
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4.2.4 Quaternary Volcanics

Quaternary volcanics consist of undifferentiated volcanic flows , breccias ,

and tu f f s of rh yolitic to dacitic composition (Qr) and basaltic to ande—

sitic composition (Qb), perlite domes and rhyoli te ven t si tes (Orv) ,

and basalt and andesite vent sites (Qbv). The Quaternary volcanics cron

out in the mountainous regions surrounding Coso Hot Springs . and may

underlie Quaternary alluvial deposits within the sub—basin .

4 . 2 . 5  Qua te rna ry  A l l u v i a l  Deposits

This unit consists of Coso alluvial fan deposits (Oaf) and Recent allu-

v ium (Qal). Coso alluvial fan deposits consist of intercalated layers

of unconsolidated sand , grave l , boulders , and clay. These deposits

are characterized by their poorly—sorted nature and boulder—strewn sur-

faces. Coso alluvial fan deposits contain materials of local, orig in

which were deposited by ephemeral streams near the base of mountain

areas within the Coso Hot Springs sub—basin.

Recent alluvium (Qal) consists of unconsolidated gravels , sands , and

clay s deposited in fluvial and lacustrine environments within the valley

floors. These deposits are well—sorted and generally con ta in less coarse

materials in comparison to Coso alluvial fan deposits (Qaf). Outside

Coso h ot Springs sub—basin , alluv ial fan deposits are included within

-
• - 

the Recent alluvium designation (Plate 1).

...11.
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4.3  HYDROGEOLOG I C CHA RACTERISTI CS

Rock t ypes wi th in Coso Ho t Springs sub—bas in can be assigned to one of

two general groupings based on similar hydrogeologic characteristics .

Group I includes : granitic intrusive s (Jg), Tertiary volcanics (Tb),

and Quaternary volcanics (Qr, Qb). Group II consists of the Coso Forma-

tion (Tc) and Quaternary alluvial deposits (Qaf , Qal).

Rocks of Group I are of igneous origin. The intrusive and volcanic flow

rocks do not contain intergranular openings . Consequently , the ability of

these rocks to accept , t ransmi t , and store water is largely a function of

the degree of jointing, fracturing , and faulting present. The deep geo-

thermal reservoir is probabl y contained in well—fractured and well—jointed

Jurassic intrusive rocks (Jg). Breccia and pyroclas tic rocks o f Group I

are fragmental and , th us , contain intergranular pore space . However , these

rocks arc general ly impervious because of unfavorable grain size , sorting,

and roundness characteristics. As a whole , Group I rocks possess a rela—

live l y low degree of permeab ility and storage capacity as compared to

Crotip II rocks.

Rocks of Group 11 are unconsolidated to semiconsolidated , sedimen tary

and volcaniclastic deposits of Tertiary and Quaternary age . These de—

• posits possess intergranuiar openings for the accommodation of ground

water. The grain—size distribution and degree of sort ing present ,

howe ve r , exert a stron g influen ce on the relative permeabilIty of these

rock types and , thus , on the ability to accept and t ransmit water. Due

—12—
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to the diversity in grain size and sorting, differences in permeabili ty

are evident between rock types of Group 11.

The Coso Formation is of variable permeability due to the diversity in

rock types. Coarse clastic sedimentary members , e.g. , conglomerates and

sandstones , appear to be moderately permeable . Tuffs and tuffaceous

sed imen tary members probably are onl y sligh t ly perme able due to the

pre ponderance of clay— and silt—sized particles.

The prepondera nce of coarse , well—sorted sediments within Quaternary

alluvial deposits indicates that these materials are pervious . Because

of their widespread distribution and apparent thickness , these materials

constitute the most importan t hydrogeologic unit within Coso Hot Springs

sub—basin . Poorly—sorted units within alluvial fan deposits and fine—

gra ined lacustrine materials of Recent alluvium are expected to be of

low permeability.

Loca l l y, hydrothermal alteration (Qca) of geologic ma ter ials red uces

permeabilit y . Fraser , et al (191+2) and Austin and Pringle (1970) attribute

the hydrotherma l alteration to reactions of rising acid—sulfate corro—

sive fumarolic fluids with geologic materials. Localized areas of altera—

tion are particularly prevalent within Group I rock types exposed along

the mountain fron t west of Coso Hot Springs (Plate I). At this locality,

—13—
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gran itic intrusive rocks (Jg) have been largely converted to opaline

silica , altera tion clay, na tive su l fu r , and sulfate minerals. Areas

of hydrothermal alteration away from Coso Hot Springs (e.g., Devils

Ki t chen , Nicol) have not been delineated in Plate I.

—14--
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).O KEG t O N A L . F~Yt)ROLOGY

~. I l~R L C t P ll A T l O~

L o n g — t e r m  pr L c i p i t  .it ion re urds ar e  not  a v a i l a b l e  fo r  the  area of in—

vest  iga t ion . Dat a t o r  ~-.t l e & ted n e a r by  c l i ma t o l o g i c al  s t a t i ons , however ,

i n d i c a t e  a long—t erm average pr e cip i tation of 1.82 to 7.52 inches per

year (Table 1). for stations with short period of record , long— term

average precipitation was projected utilizing a relationship described

by L ins l e v , Kohier , and Pa u lh us (19 4 9 ) ,

LLs R~~~~~~ (1)
H

where

L~ = the computed long—term average precip i t a t i o n  at  the
station ,

R 5 = the  observed s h o r t — t e r m  average precipitation at the
stat ion ,

L = the long—term average precipitation for a set of repre-
sentative surrounding stations , and

R = the observed short—term average precipitation observed
for the set of surrounding stations during the time
period represen ted by R5.

Precipitation Is not distributed uniformly throughout the year. The

—15—
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m o n t h l y d i s t r i b u t i o n  of long—term p r e c i p i t a t i o n  indicates that nearly

73 percent of the  annua l p r e c i p i t a t i o n  occurs between November and March.

Because rainfall within the region is largely controlled by orograph ic

features , areal variation in precipitation is related to differences

in elevation . Figure 2 shows the association of long—term average pre—

-i p itat ion and elevation for climatological stations listed in Table

I . Average precipitation values for highe r elevations were adapted from

Rush (1968). Average precipitation at Coso Hot Springs , ba sed on a

prec ip itation—elevation relationship, is estimated as 5.2 inches per

year.

5. GROUND-WATER FLOW

Ground wa te r  m i g r a t e s  f r o m  areas  of recharge to  areas of d i scha rge .

P l a t e  L I  shows the  gene r a l i z e d  p a t t e r n  of ground—water  movement for

s h a l l o w  ( l o c a l)  and deep ( r eg iona i )  g r o u n d — w a t e r  f low sys tems . Ground-

w a t e r  f low p a t t e r n s we re developed from h y d r a u l i c  p o t e n t i a l  i n f o rm a t i o n

ob ta ined  f rom we l l s  and spr in gs , areal topographic relationships , and

i d e n t i f i c a t i o n  of recharge and discharge areas.  Ground—wate r  basin

and s u b — b a s i n  boundar ies  shown in P la te  II  were adapted froTr h ydrograph ic

drainage des i gnations used by the California State Department of Water

Resources.
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I ocaI  groun d —wat er  f low is s t rong ly  i n f l u e n c e d  by topography, d istri-

bution and hvdrogeologic characteristics of geologic materials , and

geologic st ructures. Recharge occurs as a r e su l t  of i n f i l t r at i o n  of

intra-hasin precip itation and runoff and subsurface  u n d e r f i o w  f r o m

a dj o i n i n g  bas ins .  P er v i o u s  Q u a t e r n a r y  a l l u v i a l  depos i t s  (Qaf , Qal)

alon g the base of mountain—runoff regions are the primary recharge areas

b r  local g r o u n d — w a t e r  f l o w  sys tems . Local  g r o u n d — w a t e r  d i s c h a r g e  areas

are c ha ra c ter i z e d  by the  presence of sp r ings , marshy  areas , and p laya

Lakes . Importan t local discharge areas within vall ey b o t t o m s  of closed

t op o~~r a p h i c  b a s i n s  i n c l u d e  Owens , Sear le s , and P a n a m i n t  V , l 1 i - v s .

Th~ general  p a t t e r n s of deep,  re gional  g r o u n d — w a t e r  I ~~
. Lit iye l~

less in f l u e n c e d  by local t opog rap h i c  f e a t u r e s  and I o i  . i I  v r i  at i o n s  i n

h y d r o g & - o l o g  i c c h a r a c t e  r i s  t i c s .  Recharge to the  deep r eg i o n a l  ground-

water flow system w it h i n  the southe rn Lahontan drainage occurs primarily

by in l i l t rat ion of precipit ation and runoff along the eastern flank

of th e Sierra Nevada. Deep regional flow of ground water appears to be

t oward the east  w i t h  u l t i m a t e  d i scharge  along the f l o o r  of Death Val le .

The structural grain of the basement rocks within which this flow occurs

i s  n o r t h -~so u t h .  C o n s e q u e n t l y ,  west to east flow is difficult except

aIon~ structural zones which are both pervious and include a west to

c a s t  d i r e c t i o n a l  c o m p o n e n t .

— ‘9— 
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The general eas tward direc t ion of regional ground—water flow is dis—

to rted by the presence of deep—seated geothermal reservoirs . For ex-

amp le , in the Coso Hot Spr ings  area , deep regional ground water inter-

mixes wi th ris ing fl uids from an underlying  body of molten magma and

as a result some of this deep ground water moves to the surface .

—2 0—
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6.0 HYDROLOGY OF Coso 1.01 SIR I ~GS SUB—BASIN

he t ew  d a t a  iva  i l a b l e  i n d i c a t e  t h a t  g round—wat er  dep ths  w i t h i n  t he

v , i l l e v  I loor ~~~~ the  s u b — b a s i n  range f rom 60 to  13( f e e t  be l ow l a n d

su r t ~ce. Recharge to groun d water occur s  by m l  l i t  ra t  ion of m t  r a—

bas i n pre.- ipit at ion and cons equen t  r u n o f f  and p o s s i b l y  by s u b s u r fa c e

underl low from Upper  C a c t u s  Flat ground—wat er basin to the north.

(;r~~uid w a t e r  I l ows t ow ar d  t h e  s o u t h , u l t i m a t e l y d i s c h a rg i n g  as i n t e r —

has i a under f l o w  o Coso g r o u n d — w a t e r  ba s in  to the so.it h (Plate I I )

M m  - r qu a nt  i t  it- s of g round  w a ter  are lost through evapo t  r a n s p  i ra t  ion

and Nv s p r i n g  and f u mar o l e  d i scharge  at Coso Hot S p r i n g s .

6. I RECHARGE AND MOVEMENT OF GROUN D WATER

A t t - c h n i qut  emp l oy e d  by t he  U . S .  Geo log ica l  Survey and a p p l i c a b le  to

ungagcd basins was u t i l i z e d  to  e s t i m at e  p o t e n t i a l  recharge . T h i s  me thod

u t i I i , ~cs e m p i r i c a l  p r e c i p i t a t i o n — p o t e n t i a l  recharge percentages for

dis. r t t e  e l e v a t i o n  zones.  For example , this method was used for esti-

m a t i n g  p o t e n t i a l  recharge to  C l a y t o n  V a l l e y  (Rush , 1968) and Amargosa

Desert , Nevada—California (Walker and Eakin , 1963) . These areas are

approxImat ely 150 and 60 miles northeast of Coso Hot Springs .

An i - s t  im a t e  of potential recharge to Coso Hot Springs sub—basin utilizing

—2 —
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th is method is given in Table 2. Acreage listed for discrete eleva—

t ion zones within the sub—basin was obtained by planimetering U.S.

G e o l o gi c a l  Su rve y 1:62 ,500 st-ale topograp hic maps. Assigned esti-

mates of average precip it a t ion and potential recharge percentages for

various elevation zones were t aken from Figure 2 and Rush (1968) , respec—

t ive ly -

Approximatel y 375-acre—feejyear of intra—basln precipitation is avail-

ab l e, on average , for recharge to ground water. In addition , one—third

ot the av cr a g~’ estimated potential recharge within Upper Cactus Flat

ground—water basin , about (1/ x 45 acre—feet =) 15 a c r e — f e e t  pe r  year ,

may he t r a n sf e r red  to  Coso Hot  Sp r ings  sub—basin  by u n d er f i ow . A c c o r d in g l y ,

Coso Hot Sp r i n g s  s u b — b a s i n  r ece ives  a p p r o x i m a t e ly  390 a c r e — f e e t  per  year

of re charge  to  the  shal low g r o u n d — w a t e r  sy s t em.

l~i-~~i i i r g &  o c c u r s  p r i m a r i l y  in pervious Quaternary deposits (Qaf , Qal)

which apron m o u n t a i n — r u r . o f I  r eg ions  within t he  s u b — b a s i n .  Based on

t h e  i s t  r ib u t  ion of ~ u . i t e r n a r v  a )  l u v i a l  d e p o s i t s  and s u b — b a s i n  hvpso —

~~~ r i c  ch a r a c t e r i s t i c s , most r e c h a r g e  occurs  i tmi t e d i a t e ly  west and n o r t h —

t , i s t  o t  ~~~~~~~~~~ Hot Sp r i n g s . Local ground w a t e r  moves to the south f rom

i n t r a — h i - n n r e ch ar g e  a r t - a s , u l t i m a t e l y d i s c h a r g i n g  to  Coso ground—water

bas in.

— 2 2 —
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Deep regional ground water flows into the Coso Hot Springs sub—basin

from rechar~~- areas along the Sierra Nevada (Plate TI). Based on the

prec i pi tation—recharge relationship previously descr ibed (Table 2),

the quantity of regional ground water flow through the sub—basin is

estimated to be approximatel y 2800 acre—feet per year .

6.2 HYDROLOGY OF COSO HOT SPRINGS

The hydro logy  of Coso Hot Spr ings  is cha rac t e r i zed  by the mixing of

ground w a t e r s  of deep (geothermal) and shallow (local) origin. Previous

regional  geoph ys i ca l  and geothermal inves t iga t ions  by Furgerson (1973),

• Combs (1975 , 1976a , c ) ,  Combs and Jarzabek (l977a), and •Jackson , et al

(1977) ind ica te  that  the unde r l y ing geothermal  reservoi r  is a rea l ly

e x t e n s i.re , w i t h  the  m a j o r i t y  of the  r ese rvo i r  occur r ing  west of the

hot  sp r ings  area.  The eas te rn  bounda ry  of the geotherma l reservoi r

is c o n j e c t u r e d  to  he slightl y east of Coso Hot Spr ings  (Comb s , 1975 ,

1976c). In the immediate vicinit y, a pervious north—south t rending

f a u l t  s t r u c t u r e  a l lows  deep—sea ted  geo thermal  f l u i d s  to rise to shal low

d e p t h s  ( P l a t e  I ) .  Cold ground water of local ori gin , moves laterall y

and i n t e r m i n g l e s  w i t h  the r i s i rg  hot geo thermal  fluids . Primary areas

of local ground—water recharge are w i t h i n  a l l u v i a l  fan deposits (Qaf)

and Recent A lluvium (Qal), immediately west and north of Coso Hot Springs .

Interpretive hydrogeologic cross sections (Figure 3 — A—A ’, B—B’) show

—24—
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generalized paths of movement of ground wate r and subsurface geologic

conditions in the vicinity of Coso Hot Sp rings . Cross section locations

are shown in Plate 1 .

6.2.1 Site Information

Field inspection of Coso Hot Springs suggests that considerable surficial

modification has occurred. Past man—re lated efforts have focused on

construction of wells and development of the spring to enhance surface

discharge . These activities appear to have increased the rmal activity

of Coso Hot Springs by increasing communication between the shallow ,

loc al ground—water system and the rising geotherma l fluids.

During December 1977 surface temperatures for spring discharge and pools

ranged between 31 and 91.2° C. Generally, wells of greater de,th con—

t i m ed higher water temperatures. Depths to ground water for wells

at Coso Hot S p r i n g s  ranged from one to 110 feet below ground level.

Shall ow depths to water are attributable to localized perched ground-

water conditions.

6 . 2 .2  F l u c t u a t i ons in Spring Discharge

C h a r a c t e r i s t i c s  of the fluid discharge at Coso Hot Springs are de termined

by th e relative contribution of geothermal fluids and local ground

water. Due to the wide areal extent , deep—seated origin , and curren t

—26-- 
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undeveloped condition of the deep geothe rmal reservoir , contributions

by rising geothe rmal fluids to Coso Hot Springs are expected to be rela—

tive l y constant with time . Local ground—water contribution , in con trast ,

wou ld be highly variable with time due to the limited areal extent

of the aquife r and the consequent rapid response of the aqui fer to

precipitation—re charge events.

Observations by i~ustin (personal communication , 1977) indicate that

loca l prec ip itation—recharge events have a discernible impact on charac-

teristics (e.g. , f l ow , water levels , temperat ure) of Coso Hot Springs .

To examine the association of local ground—water contribution to vari-

ation of hot spring activity, a comparison was made of monthly precip i—

tation and available historical watet temperature and ground—water

level information . Figure 4 shows the relationship of precipitation

at nearby Ha iwee , California (Plate II) to temperature and ground—water

depth within a shallow well (22S/39E—4KZM) in Coso Hot Springs (Plate I).

Inte rpre tat ion of Figure 4 ass umes tha t :

1. precip itation at Haiwee is representative of precip itat ion
conditions at Coso Hot Springs ,

2. pre cipitation , recharge , and local ground—water con tribution
to Coso Hot Springs have a high degree of association , and

3. the shallow well examined is represen tative of hydrologic
conditions within Coso Hot Springs.

—27—
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COSO HOT SPRINGS WELL *22S/39E-4K 2
o WELL DEPTH~~3.5OFEET
50  — — — — — — — — — — — — — — — —

~~~40 - -- -
~~~~~

- - - - - - -- - - -- -

La
°- 30 - 

~

, 
- -

~~ I I?

~~~~ 2 0 —  

0 — — — — — — — — — — — — — — — — — j — — — — — — — —
- t ; ~~~\~~ - -1-

—

0 
~~~ 4 — — — — — — — — — —  — — — — — —
5 — f la  — - — —

HAIWEE CLIMATOLOGICAL
STATION - - -  -~~

LATITUDE 36 8’
4 - LONGITUDE 117° 57’ 

- -  _ _ _  - _ _ _ _  -

ELEVATION 3825 feet

~ :it:i1 ~~ _ _  

_ _

~~~~ : ~~~~196 961 962

FIgure 4. RelatIonshi p of Wat er Temperature and Ground—Water l)epth at Co~o
Hot Springs , and Monthly Precipitation at Haiwee , Galiforn ia.
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These are reasonable assumptions from the standpoint of basic hydrologic

relationshi ps and observed hy drogeologic features. From the above , we - -

may assume that higher water temperatures and lower ground—water levels

are related to decreases in local ground--water contribution ; and lower

temperature s and higher ground—water levels are associated with increases

in local ground—water contribution .

Examination of Figure 4 indicates that water temperature and ground-

water levels exhibit:

1.. a strong seasonal oscillatory pattern ,

2. a strong inverse correlation , and

3. an association with monthly preci pi tation distribution .

Ihe evident seasonal oscillatory pattern suggests a strong influence

of lo cal ground—water contribution within the Coso Hot Spr ings regimen.

As expected , low temperatures and high ground—water levels are associated

with and exhibit a lagged response to periods of high precipitation

and re charge , wh ile high temperature and low ground—water levels follow

periods of low precipitation and recharge .

6.3 GROUND—WATER CHEMISTRY

Water samples were collected during late November—early December from

four locations at Coso Hot Springs (CS—5, 6, 7, 8) and at four nonthermal

—29—
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spr ing locations (CS—l , 2, 3, 4). Locations of sample sites are shown

in Plate I.

Samp les were filtered in the field to remove particulate matter. Chemical

analysis for major inorganic constituents was performed by the Water

Chemistry Laboratory , Desert Research Institute , University of Nevada—

Reno. A computer printout of analytical results and calculated water—

chemist ry parameters is included in Appendix A.

Purpose of the water chemistry investigation was to determine if system—

atic differences exist between chemistry of thermal and nonthernial waters

and , if so, whethe r such differences would provide information as to

source and proportional mixing of waters. Nootherma l well sources do

not ex ist in the area and sampling was l imited to springs . Whether the

spring waters sampled are representative of shallow ground waters at

(ost~ Hot Springs is not known . The nontherma l waters are alkaline with

total dissolved solids concentrations less than 1,000 mg/L Calcium and

magnesium are the dominant cations. Bicarbonate is the dominan t an ion .

En ~‘Ue in stance (CS—3) , sulfate is the dominant anion .

In contrast , three of the therma l waters (CS—5 , 6, 7) are acidic . Con-

centration of total dissolved solids increases with decre~~,e in pH.

Sulfate is by far the dominan t anion . Calcium is the dominant cation ,
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hut sodium is relative ly more important than in the case of the nonthernial

waters. With increase in temperature , pH decreases and total dissolved

solids and silica increase . Poor anion/cation balances for samples

CS—6 and 7 are only partially compensated for by hydrogen ions. Other

unknown factors contribute to the imbalance .

The waters of samp les CS—5 through 7 probably are a composite of waters

o f local ground water and deep—seated geotherma l origin. As such , their

water chemistry, along with temperature , should vary with proportional

contribution of nonthe rmal water to the mixture . For example , Pool K— 2

(CS—S) at 31.° C is near the minimum temperature recorded in 1960—62

and almost exactl y the same temperature as in November—December 1961

( F i ~~IIre 4) - The chemistry of K—2 water along with the temperature and

p o t c - n t i o m e t r i c - level should vary as proportion of nontherma l water varies

whic h in turn responds with lag to precipitation .

The water of Well K—I (CS—8) appears to be a condensate. The relation-

ship to the other therma l waters is not clear at this time . Wells which

derive waters from deeper zones (i.e., below 220 feet) within Coso Hot

Springs are reported to be of a sodium—chloride type , with neutral to

slig htl y alkaline pH conditions. The predominance of chloride in deeper

thermal waters is suggested by Austin and Pringle (1970) to be related

to distillation of incoming local ground water to the Coso Hot Springs
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system. These deepe r wells are not available for samp ling at this t ime .

In summary, discernible diffe rences in chemistry of major constituents

appear to exist between therma l and nonthermal waters , and within the

group of therma l waters. Investigation over a period of t ime may dis-

close that sources and proportions of mixing of waters can be determined

from water chemistry d a t a  and water temperature measurements. Such data

would have to be .taken periodically as hydrogeologic conditions vary.

Trace constituents and po’-~sibl y stable and unstable isotopes (oxygen ,

carbon , hydrogen species” possibl y also would be useful in this regard .
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7.0 ANTICIPATED IMPACT OF GEOTHERMAL DEVELOPMENT ON COSO HOT SPRINGS

Based on ava il ab le  geophysical investigations and current exploration

drilling operations, the anticipated area for geothermal development

is located between Cactus Peak and Sugarloaf Mountain (Plate I), approxi-

mately 2.5 miles west of Coso Hot Springs . Rodgers (personal communi-

cation , 1977) states that planned production well(s) for a possible 50

megawatt generation p l ant would extract :

Flow Required Discarded or Reinjected
type of Fluid (lbs/br) 

__________

Steam (saturated) 1,000 ,000 600 ,000
Hot Water (2U~ steam) 2,638 ,333 2 ,000 ,000

Production of geothermal fluids at projected flow rates translates

approximate Ly to the removal of 3360 to 8870 acre—feet per year of

ground water (Cd I atm . and 1000 C ) ,  depending on geothermal fluid type .

Development within the area would be confined to removal of tluids of

deep geothermal or igin, rather than of the shallow local ground—water

fl ow system.

U t i l i z e d  geothermal fluids would either be reinjected or discarded.

If reinjected , the net removal of fluids for geothermal development

would range f rom 1345 to 2145 acre—feet per year.
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The impact of geothermal deve1opine~ t can be evaluated by looking at

conditions under the worst situation . If the impact on the regimen

of Coso Hot Springs is acceptable under these condition s, it w ill be

acceptable under all situations of similar production rate. The impact

on Coso Hot Spr ings would be expected to be the greatest under production

condit ions of a hot—water , dominated geothermal reservoir. Steam pro-

duction from a vapor—dominated reservoir is not conside red to have as

severe impact bec.ause the total amount of water produced is less, and

the demand upon the regional ground—water system would be more dispersed.

Fv id~ nce supportive of the second factor is that in a vapor—dominated

reservoir the relative permeability to ground water is extremely low.

Ground water in the deep regional flow system would be expecLed to flow

around the geotherma l reservoir. The only water entering the system

would be make—up water required to take the place of the steam produced

hy natural discharge of Coso Hot Springs and geothermal energy production .

In a large vapor—dominated geothe rmal reservoir , this make— up water

would enter over an area the size of the reservoir , and its impact for

any small area wou ld, thert~fore , be extreme ly small.

The impact analysis of a worst case , water—dominated geothermal system

incl udes the f ollowing assumptions:
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1 . app roximatel y 8870 acre—fee t of water will be produced each
year and none of this water will he reinjected to the system ,

2. the north—south regional permeability is of the orde r of twenty—
five time s greater than the east—west regional permeab ility,

3. recharge and regional flow of ground wa ter is approx ima tely 260
acre—feet per year per mile of Sierra Nevada front , and

4. the geothermal development will be localized at a point
approximately 2.5 miles dir ectly upstream of Coso Hot Springs
in the. regional flow system , the area of current exploration
test  d r i l l i n g .

The vc’iume ra te  o hot wa te r  p r o d u c t i o n  Is based upon the  r e q u i r e m e n t s

of t h e  hot w a t e r  geotherma l p l a n t  given by Rod gers.  The presence of

a n iso t r op i c  p e r m e a b i f l t y  is i n f e r r e d  f rom t h e  g e o l o g i c a l  map, w h i c h

shows s t r o n g ,  p r e f e r e n t i a l , n o r t h — s o u t h  t r e n d i n g  s t r u c t u r a l  f a b r i c  in

the v i c i n i t y  of the proposed geothe rmal deve lopment and Coso Hot Springs.

The ratio between north—south and east—west permeability is probably

much greater than the value used. Recharge and regional ground—water

f l o w  is based upon the 2800 acre—feet of west to east underilow discussed

p ri V i o us 1 y .

An idealized flow net for this system is shown in Figure 5. The impor-

tan t point on the flow net is the projected stagnation point. This

point is on the limiting flow line which separatos ground—water t low

toward Coso Hot Springs from flow toward the geotherma l development .

Unde r the condit ions ass umed , no water would be removed from Coso h ot
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Springs area to feed the geothermal development. The stream lines ,

however , have not completely converged to their original spacing,

indicating a lowering of the flow rate and hydraulic gradien t at the

hot springs and for some distance to the east. This lowering of the

hyd raulic gradient has two effects:

1. regional ground water would move to the east away fr om Coso
Hot Springs at a rate slower than under natural condition s,
and

2 .  h y d r a u l i c  head in the deep regional system at the  spr ings
would be expected to be lower.

The impac t  of these two factors on the local hot spring hydrology is

difficult to evaluate without detailed knowledge of the local hydraulic

g r a die n t  in the deep regional ground—water  f low sys t em and the  n a t u r e

• of the geothermal reservoir. Hydraulic gradients in the regional flow

sys tems , howeve r , are  expected to be quite low, and the d r o p  in hydraulic

head caused by a local decline in gradient , therefore , would be antici-

pated to be small. Because the discharge of the springs is large ly

con t rolled by the local ground—water flow system , a small lowering of

the hydrauli c head in the reg ional sy stem is probably not of consequence

to the regimen of the spring system. Furthermore , if this impact is

unac c e p t a b l e , the  reduc t ion  in hydrau l i c  head could be compensated fo r

by the injection of a portion of the hot water output of the geothe rmal

pl ant into the regional flow system near the Coso 1-lot Springs ’ side
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of the stagnation point. Regulated injection at this designated area

would maintain the hydraulic head at Coso Hot Springs at any desired

level , while minimizing recycled water at the geotherma l development.

in summary, it appears that the worst conditions of geotherma l develop-

ment , a 50 megawatt plant which would require 8870 acre-feet of hot

wa te r pe r year , would have only minor influence on the local hydro logy

of Coso Hot Sp r ings . In the  even t  t h a t  it is necessary to minimize

possible impact , preventative measures could include :

I .  l i m i t a t i o n  of geotherma l p r o d u c t i o n  wel l s  to  the  e x t r e m e
western portion of Coso Hot Springs sub—basin ,

2. selective reinjection of degraded geothermal fluids between
the geo the rma l d e v e l o p m e n t  and Coso Hot Sp r i n g s , and

1. l imiting removal of geothermal fluids to the deepest aquifer
zones .

The above analysis of impact is for a geotherma l development  of 50

megawatts. Geotherma l development usua l ly proceeds in stepwise incre—

ments , and in the present case development exceeding 50 megawatts would

have relatively greater impact or~ Coso Hot Springs . This greater level

of geo thermal  deve l opment cou ld  r equ i r e  l a rge  scale select ive r e i n j e c —

tion of degraded geotherma l fluids to mainta in the reg imen of Coso Hot

Spr ings .
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