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: WIS P. LEIBOWITZ

3 Abstract Currently the largest geothermal electric generation facility is

§ located in California. The dry-steam resource type being used at the Geysers

E is cconomically attractive but its occurrence is quite rare. However, there are
indications that large quantities of untapped hydrothermal resources may
make the state one of the richest geothermal regions in the world.

Geothermal resources in California have the potential for providing a

significant amount of the state’s future energy needs. From what is now
known, California contains 72% of the currently usable geothermal re-
sources in the United States. By comparison, California’s neighboring states
have one-tenth of this state’s estimated resources. This paper provides an
overview of California’s geothermal resource areas, estimates of their poten-
tial resources, and comparisons with the state’s energy consumption. The
key factors that currently impede the full-scale exploration and development
of geothermal energy are summarized.
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i« thermal energy is the natural heat of the earth’s core that is trapped close
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irh o the surface to be extracted economically. Fractures in the carth’s crust
¢ the borders of tectonic plates allow heat from the interior to be transported
‘wrentially to certain arcas near the surface. Areas of geothermal interest in the
' are generally associated with these boundaries (see Figure ). California
antop of the junction of the Pacific and American Tectonic Plates, and areas
“wothermal interest extend along the length of the state in roughly two bands,

P Leibowitz is with the Jet Propulsion Laboratory, Pasadena, California. This paper presents

e of work carried out at the Jet Propulsion Laboratory, California Institute of Technology,
ontract NAS7-100, sponsored by the National Acronautics and Space Administration, the
Research and Development Administration, and the California Energy Resource Conserva-
!'Development Commission.
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Figure 1. Geothermal areas of the world, based on recent volcanism and crustalp:

boundaries.

one along the Eastern Sierra Nevada Mountains and another along the Coa
Mountain Ranges (sec Figure 2).

Current use of geothermal energy in California has concentrated on the G
sers in northern California. Commercial use of this high-quality dry-steam «
source has been underway for over 15 years. Currently installed electric capa-
at the Geysers is 502 MWe, which makes it the largest geothermal installatior
the world, Utilities have indicated plans to add an additional 1500 MW
capacity by 1985 (Jet Propulsion Laboratory, 1976). Geothermal developm-
activities are currently high in the Imperial Valley, and the use of this energy !
both electric power generation and the production of fresh water can be expe
early in the 1980s. Exploration and development of other geothermal arcasof
state have begun.

The energy potential of California’s identificd hydrothermal systems hast

cently been estimated by the U.S. Geological Survey to be 19,000 MW produ.t
" for 30 yr (White and Williams, 1975). In addition, it is estimated that undis-
ered hydrothermal systems and the less-developed hot-igneous and conduct
dominated systems may greatly increase this potential capacity. The metho!
estimating the state’s resource potential and the limitations and uncertaintics:
exist are discussed.

Despite the significant potential of this resource, barriers that prevent thet”
development of this energy source do exist. Concerns over environmental ”

'
1
'
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Figure 2. Distribution of KRAs in California,

l;];lz(luﬁz :jlzl\;clgl)?:rlt' bolf adequa.te pollution-abatement techniques have

e exp](,,-qt);;,}, e ;1 i !fy of prlval.c (.ievelopers to attract risk capital for

— pmce“e;glow \t'reln ?res may be limited. Multiple government agency

. pmtcctiml\ .O{ f.ed ! ¢Ic C ev‘ck?pment process and may result in higher costs.

o e © cral lands from unfavorable environmental impacts may
evelopment of some resource arcas.

B:lance serns f ni i
N ; c d concem:s for the techhical, cconomic, and environmental factors will
“yuired to permit the potential

of ‘this resource to be realized.
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Table 1 Heat Content of California’s Geothermal Resource Base”

e e

Energy content (quads L}
e

Identified Undiscovered
Resource type resouree

resauree

Hydrothermal
Vapor dominated (steam) 75 75
Liquid dominated (hot witter)
High temperaturc (>150°C) 650 2000
Intermediate temperature (90-150°C) 30 120
Hot igneous 14,700 55,000
Conduction-dominated
Near normal” gradient >635.000 0
Unknown Unknown

Geopressured

aHeat in the ground above 15°C without regard to recoverability.
P quad = 15 Btu and is equivalent to approximately 170 million barrels

of oil or 50 million short tons of coul.

Resource Description
Significant quantities of the three types of geothermal resources—hydrother
hot-igneous and conduction-dominated—exist in California. The hot-gn: v
and conduction-dominated systems may eventually prove to contain the lar o
amounts of useful energy. However, cqnsidcrable advancements in techne' {
are required before these resources can be used economically. Thercfore, 71
geothermal development interest and activity are presently focused on the
rothermal resourccs. )
The U.S. Geological Survey recently completed an assessment of the nat*
geothermal resources (White and Williams, 1975). The encrgy content sl

for California’s geothermal resources is enormous. A summary of the heat: i |
cological Sv % 2

tent of California’s geothermal resources pased on the U.S. G
data is given in Table 1. The identified' high-temperature hydrothermal <}’
(i.c., those having temperatures over 150°C) are of particular importance I
state because of their potential for near-term commercial development for cle

power production. As shown in Figur

R

i
k]

IFhat is, those geothermal systems tabuluted in White and Williams (1975) with identified o7
and cestimates of reservoir tempgrature and heat content.

¢ 3, the recoverable energy from Calit#
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30
g 26,500
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i
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g' 2 - 19,200
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!
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4 m 1300
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figure 3. Estimated clectric energy potential of identified hydrothermal resources.

wms is over 70% of the identified U.S. potential for this resource type and
‘u_ﬁ_ﬂy ten times that of Nevada and Oregon, the states with the next largest
tified resources. ‘
fhiere are, however, large uncertainties in the U.S. Geological Survey assess-
‘»jat, With exception of the Geysers and some of the ficlds of the Imperial
Jley, fittle of the deep drilling necessary to confirm the existence and extent of
’ fhcqnal rcsgrvoirs has occurred, Most of the data on the wells that have been
«d is proprietary and could not be used to support the energy estimates. As a
- J(.‘thc U.S. Geological Survey assessment of the hydrothermal systems was
':'d in large part on extrapolations of surface and ncar-surface measurements
ggol()gical manifestations. F}thher research and exploration data are required
”’::(f)" )lhe acc%lracy of thesfe estima.(es. The estimates of the encrgy content of
~&( ('.‘ ‘gn.e‘(.)us and conlflpc!lon-d()mmated systems are even more speculative.
:.us(ussmn of the different resource types, their locations in the state, and
nates of their energy content are presented in the following section.

:’ tdrothermal Systems ;

“‘:nlhcrmal systems consist of high-temperature steam or hot water stored in a
e of porous, permeable reservoir rock. Heat is transferred from deep in the
s crust by the convective circulation of the steam or water through faults
“fractures in the reservoir rock. This steam or water also provides the vehicle
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Figure 4. Generalized schematic diagram of a hydrothermal reserve
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- which the stored hcat of the reservoir rock can be extracted and brought to the
sface (Figure 4). Geothermal reservoirs containing only steam (the Geysers,
iy example), are referred to as vapor dominated whereas hot-water reservoirs
ach as those typical of the Imperial Valley) are referred to as liquid dominated.
teas of geothermal interest are usually associated with hot springs, show
-alogic evidence of recent volcanic activity, and exhibit a high level ol conduc-
we heat flow, frequent scismic activity, and occasionally stcam geysers or
i naroles. Throughout the world, liquid-dominated sites are much more numer-
s« than vapor-dominated sites (Kruger and Otte, 1973).

The present centers of hydrothermal development interest in the state are in
~faround “*Known Geothermal Resource Arecas’” (KGRAs). A KGRA is de-
<l in the federal rules and regulations implementing the Geothermal Steam
wrof 1970 (PL 91-581) (U.S. Geological Survey, 1975). An arca may be
+fined as a KGR A on.the basis of geologic and geophysical data or on the basis
{vompelitive interests on the part of developers. There are currently 23 such
-ignated arcas in the state (Figure 2). For the purposes of this article, the
“;RAs have been grouped somewhat arbitrarily into five-resource regions: the
wwers, Imperial Valley, Eastern Sierra, ‘Northeast, and Centm_] Coast. The
+(iRAs included in each resource region and their potentials are given in Table

Exploration for hydrothermal resources is a venture with considerable risk. A

faining government permits and approval):

Examination of hot springs and surface features
Geochemical survey '

Geophysical survey

-+ Heat flow measurements in shallow drill holes

" Deep drilling and flow testing of wells

e last step is-the only conclusive means, at present, of locating a viable
s thermal resource. Currently geothermal exploration wells may cost in excess
“$1 million and success rates for wildcat wells may be less than 10%. When a
tavoir has been tapped, a series of additional wells (step-out wells) are drilied
“Hlow tested to determiné the extent and capacity of the reservoir. The deci-
t o utilize the resource, for example to build an electric plant, is-only made
"t detailed analysis of these tests indicates that an economic resource exists.

“mated Potential of Identified Hydrothermal Resources
1L, Geological Survey assessment identifics 62 hydrothermal systems in
“loma, An identified geothermal site may range from a commercial geother-




Table 2 Estimated Potential of Identified Geothermal Resource Arcas

" LocationfKRGA

Circular 726 -
designation”

The Geysers Region
Geysers-Calistogit

Knoxvitle

Little Horse Min.
Lovelady Ridge
Witter Springs

Imperial Valley Region
Brawley

Dunes

Fast Mesa

Ford Dry Lake
Glamis

Heber

Salton Sca

Eastern Sierra Region
Bodie

Coso Hot Springs
Mono Long Valley

Randshurg
Saline Valley

Northeast Region
Backwourth Peak
Glass Mountain

Luke City-Surprise Valley

Lassen )
Wendel-Amedee

Central Coast Region
Sespe Hot Springs

The Geysers
Calistoga

Sulphur Bank Mine
Skagg's Hot Spring®
Wilbur Hot Spring?
One Shot Mining
Crabtree Hot Spg.
Cook Springs
Saratoga Springs

Brawicy
Dunes
East Mesa
Border

a .

Glaniis (East)
Heber

Salton Sca

Pilger Estate H. S.

d

Coso Hot Springé
Long Valley
Near Black Point
Paoha Island
Red’s Meadow

Randshurg
b

b

b

Surprise Valley
Morgan Springs
Wendel-Amedee

Sespe Hot Springs

i
[

Estimated Total reservoir — enes
reservoir. heat content tial
temperature (°C) (quads) k
240 75
160 3
185 2
155 f
135 10
150 ]
150 I
140 f
140 __L
95 ’
200 12 §
135 2
180 22 4
160 1
135 2
190 44 ¢
340 83 3
145 b
167
220 163
1220 218 #
125 |
125 I
165 1
125 _z_
386 ¢
175 95 i
210 S
140 _i ’,
105
155 1

a§ee White and Williams (1975).

s0utside of KGRA boundarics.
“Temperature too low for commerci

No data available.

trical 3 .:i #
al-power generation but may be valuable for nonelectrical 2y
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I ficld to a hot spring with favorable geochemical measurements. Most iden-
gy “ad sites are the result of the surface manifestation phase of exploration. Only a
; sites having no surface manifestations have been identified by geophysical
sloration and drilling. Of the identified sites, 16 have estimated temperatures
awe 150°C and 46 have estimated lcmpcralurés ranging from 90 to 150°C.
“one systems above 150°C may be suitable for electric power production,
»oreas those of lower temperature may be important in nonelectrical applica-
«a. Figure 5 shows the locations of these identified systems throughout the
ihe U.S. Geological Survey estimated the energy potential of cach identificd
myaler system using the process diagrammed in Figure 6. Reservoir tempera-
< estimates were based primarily on geochemical analysis of surface waters
¢ springs or shallow wells. Reservoir areas were estimated from all available
«1. which included surface manifestations and geology and, where available,
physical data.. The maximum reservoir depth was arbitrarily assunied to be 3
~{1.86 mi), the current maximum depth of geothcrmal drilling. The top of the
wervoir was generally assumed to have an average depth of I, 1.5, or 2 km
2, 0.93, or 1.24 mi), depending on the assumcd shape of the convection
«em and the inferred similarities to drilled areas. The volumeltric specific heat

!

TEMPERATURES ABOVE 150°C |

TEMPERATURES 90 ~ 150°C

e S. California’s identilied hydrothermal systems (after White and Williams,
N
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A the rock was assumed to be 0.6 callem®. These factors established the esti-
wated heat content of the reservoirs (systems). The U.S. Geological Survey then
wlimated the recoverable,_ electric energy potential of those identificd systems
aith temperatures in excess of 150°C. The estimation of the recovery factors
cenerally involved three steps: ‘

[ An estimation of what part of the hydrothermal system is porous and perme-
able rock (assumed 50%) '

. An estimation of the fraction of the stored heat in the porous and permeable

. volume that can be recovered at the surface (assumed 50%)

' A calculation of the efficiency with which thermal energy at the wellhead can
be converted to electric encrgy in a power plant (varied as a function of
{emperature) '

The estimated recovery factors for hot-water systems ranged from 2% for
emperatures of 150-200°C to 3% for temperatures of 250-300°C. They were
sen fess for vapor-dominated systems. The result of this analysis was an esti-
~ate ol total uscful energy that could be produced from a geothermal reservoir.
v more detailed approach would require consideration of well flow rates, reser-
«ir size, and lifetime. Since these data do not exist for most resource areas, the
-~nplified recovery analysis permits a consistent evaluation of the state’s iden-
fied resources.

The distribution of identificd tesource potential within the current KGRAs is
wir in Table 2. Eightcen of the 23 KGRAs are associated with identified
“rothermal systems. The potential for electric energy production has been
-umated for identified sites at’ nine KGRAs in the statc (see Table 3). The
saribution of this electric potential in the five resource regions is shown in

| e 7. The estimated potential of the Eastern Sierra and the Imperial Valley

wons is larger than that of the Geysers region. The estimated resources of the
“a0-Long Valley and Coso Hot Springs KGRAs are particularly large.

Usional Hydrothermal Resource Knowledge

¢ is known about the resources in the Geysers region than about those in the
“¢r regions of the state. The Geysers steam field is responsible for most of the
¢ thermal production in California and is the only producing stecam ficld in the

- ted States. Knowledge of the reservoir production characteristics, tempera-

52, and resource boundaries results from the drilling of over 150 wells® in the

i 1 However, the resource boundarics are still known only approximately and

e

3. . - . A . . .
‘mtecords of the California Division of Qil and Gas, Sacramento, California.
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Table 3 California KGRAs with Identificd Elecy ic
’ Encrgy Potential
e —

Electric energy potential

KNGRA . (MWe for 30 yr)

I, Mono-Long Valley 6,083

2. Coso Hot Springs ' 4,533

3. Salton Sca 2,186

4. Lake City-Surprise Valley 2,123

5. Geysers-Calistoga 1,723

6. Heber 973

7. East Mesa . 487 L ’

8. Brawley 333 S

9. Lassen 133

19.174
10,600
10— 55%
Q
]
>
8 8 —
o
o]
o
-
3
z
g o
;,‘ 4580
= 24%
5 4 —
=
Q
& 2250
9 11% LESS THAN
zZ 2 1%
w 1720
v
& %
g 0
& e
B CENTRAL
IMPERIAL EASTERN NORTH-
oSt LMLEY SIERRA EASTERN COAST
REGION

. . gty s anntied byt
Figure 7. Lstimated clectric energy potential by region of California’s identified 1!

rothermal resources.
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aploration efforts are extending 'many miles from the production wells. The
aimate capacity of this region depends on how successful the efforts are to
discover extensions to the identified reservoirs.

Knowledge of the Imperial Valley region’s geothermal resources approaches
hat of the Geyser’s region. This region has been the subject of extensive
cophysical surveys which havd helped to define the identified resource areas.
Deep drilling has now occurred at the majority of the resource sites in the region
PBrawley, Dunes, East Mesa, Heber, and Salton Sea). The data on the wells at
frawley, Heber, and the Salton Sca are proprictary. However, two independent
ssessments (S. Bichler, personal communication, 1976; Towse, 1975) of the
awergy potential of the region are in reasonable agreement with those of the U.S.
ticological Survey. ' )

The Eastern Sicrra region is unique in that, although it potentially contains the
lirgest resources in the state, there has been very little exploratory drilling. The
wo major resources in the region are in the Mono-Long Valley and Coso Hot
Springs arcas. Estimates of the. potential for Mono-Long Valley indicate a re-
waree Targer than the total Imperial Valley region. These estimates are based on
the results of an extensive U.S. Geological Survey, geopliysical and geological
arvey of the Long Valley arca (Muffler and Williams, 1976). The outline of the
wilapsed structure of a volcano (caldera) covering over 350 km* (135 mi?)
arrounds the area of the possible reservoir. Interpretation of geophysical surveys
mdicates that a reservoir of 225 km? (87 mi?) underlics the caldera.

The Coso Hot Springs KGRA in the Eastern Sierra region is estimated to have
rresource potential roughly equal to that of the Imperial Valley region. There has

- "een no deep-drilling activity in the resource arcas, and estimates are bascd only

n surface manifestations and geophysical surveys. However, geophysical ex-
sloration of this resource has not been as detailed or covered as much arca as that
1Long Valley. Duffield (1975) has recently found an oval-shaped ring of faults
avering 1500 km?* (580 mi?) and surrounding the arca of hot springs. This ring
fucture suggests a large underlying magma chamber. However, on the basis of
nthe limited area covered by geophysical surveys in the region to date, the U.S.
feological Survey estimates a reservoir covering 168 km? (65 mi®) or approxi-
“ulely one-tenth the area indicated by the ring structure. Further surveys by the
'S, Geological Survey and the Energy Rescarch and Development Administra-
wn (ERDA) and deep drilling will provide a more precise picture of this re-
iree, :

Exploration data on the resources of the Northeast and Central Coast regions
«¢ limited. Drilling has occurred primarily in the Lake City-Surprise Valley and
Aendel-Amedee arcas. Fewer data are available on the potential of the other
tGRAs in these regions.
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Estimation Uncertainties
The process used to.cstimate the potential of the identified resources in California
.ia subject to large uncertainties. The temperatures used for most resources wer
estimated with geochemical analysis of SiO, and Na-K-Ca ratios of surface wate
samples. This analysis process gives the minimum value of the rescrvoir temper.
ature, as was indicated by the U.S. Geological Survey report. This tendency 1
underestimate temperature is supporied by the results of a recent summary of
exploration experience (McNitt, 1975), which presented a comparison of geo-
thermometer data and actual reservoir data. Temperature is a particularly critica!
parameter in electric power generation. Water flashed from 300°C to a separates
yields 33% steam; 200°C yields 11%; and 150°C yields none (White and
Williams, 1975). Thus the estimated electric energy potential of the identificd
systems could be low as a result of underestimation of reservoir temperaturs
(This may be mitigated somewhat by the rejatively low value, 150°C, uscd t
minimum reservoir temperature for electric energy production.) The estimates of
reservoir area were felt to contain possibly the largest uncertainties (Whitc ad
Williams, 1975). Order of magnitude crrors in area estimates are possible. T
calculation of rccoverable energy made the assumption that 25% of the e+
content of the reservoir could be extracted (i.c., brought to the wellhead). 1%
actual value-of this parameter can vary greatly from reservoir to reservoir i/
from well to well. . .

Many of the identified systems are listed with small heat contents (less than ¢
quads). These resources should not necessarily be considered insignificant. '«
many cases the small estimate is the result of very limited knowledge about 1
subsurface features of the resource. These estimates are based primarily on £
area covered by surface manifestations, which may have little relationship to t!r
actual size of the reservoir. Investigations need to be performed at these sits
before better estimates of their potential can be made.

Undiscovered Hydrothermal Resource Potential

The hydrothcrmal resource estimates that have been described are restricted
the evaluation of currently identified sites of geothermal potential. In addite~
this resource potential may be significantly increased by currently undiscover:?
reservoirs. The U.S. Geological Survey estimates that future discoveries m:
locate threc (o five times the currently identificd resources. These increases v
result from the discovery of previously unknown systems; new knowledge of
extent of an already identified system; and the discovery of a high-temperat
system at a resource location considered to be of low quality.

Hot-Igneous Systems
The hot-igneous (volcanic) systems occur in regions where molten magma £+

erated deep in the earth’s crust or mantle has risen upward through narrow P
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and fissures to form magma chambers in the shallow crust.

PR s

367

' Unlike the hyd-
wthermal resources, these magma chambers do not have a fluid circulation
ystem to bring the heat to the earth’s surface. The hot-igneous category consists
af systems still partly molten, with temperatures in excess of 650°C, and hot (i:)l
wek systems where the magma is no longer molten (i.c., less than 650°C) but
aill v.ely.hol. The U.S. Geological Survey (Jet Propulsion Laboratory 19'/6 P

i1, Figure 5) has identified 17 such silicia volcanic systems in Califon1}a (Fig,uré

O

120 ©

115° 110° 105° 100
~ *1. LASSEN PEAK
- *2. CLEAR LAKE
*3, LONG VALLEY
*4, SALTON SEA
*5, COSO MTS .
6. MONO DOMES
7. MEDICINE LAKE
8. SHASTA
9. SUTTER BUTTES
*10. MORGAN MOUNTAIN DOMES
*11, WARNER MTS
*12, BRIDGEPORT-BODIE
*13, LAVA MTS
14,. BIG PINE
15. OLANCHA DOMES
16, JACKSON BUTTES
*17. PAOHA IS, (MONO LAKE)

125°

,/ *HYDROTHERMAL ACTIVITY

\/~N\‘ -rl-

' -

|
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Ty e, . .
Wre 8. California’s identified volcanic systems (after White and Williams, 1975). °
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%Y. The heat content of the ten systems for which some data exist was estimate!
. qe i R

by the U.S. Geological Survey 1o be roughly 14,700 quads (Jet [?ropulsngn
l)i )] :lnr'y 1976, pp. 68-069 Table 7). This is almost 20 times that estimated 1‘05
Labore N 5 . ’ . e IO ;. gince the
identificd hydrothcrmal systems. These estimates arc very speculative since
i we systems are limited.
data available on these systems arc . o T
The heat in the molten parts of magmatic systems I8 1.10( uu.)vuab,lal‘u}x
The tops of the inferred magma bodies fie at estimated depth:
that are all greater than 3 km (1.86 mi). Because of the dcp(hs: zu;d-&l\.c"l;:lg‘rz
(( ‘nturcq involved (650-1200°C), technology problems are ()“:;K.J ‘;
cmperatures : ‘ ( w e )
Mufh heat is also stored on the margins of the molten slyis(um nl) in
¢ D « D Y ‘ ' o o
i e less than 650°C). These systems con
ldified systems (i.c., temperatures fess than 05 Y8
now-solidified systems (1.c., : e tureon
i Favors arects for recovering heatenergy by using hydraulic; .
stitute favorable targets for reco s y by using hycraulie, He
produce circulation loops in a body of low-pcrmu\hlhty‘|oak. I‘hl.s I l‘h‘L pw;w
of the hot dry rock project under ERDA sponsorshlp (Smith et ab.l“m“.m
Although the results to date on this project are encouraging, mzny‘;;m ;, E .n,
ed -oncept is proved. Therefore, the
y cfor s hot dry rock concept is proved.
have to be solved before the ‘ neept 15 pro nerek
((mnmic extraction of cnergy from this resource remains in the futur
ec :

current technology.

and Geopressured Systems

constitutes by far the largest part o( ll}c r‘r
source base (see Table 1). Most of the hezllt is transferretl ‘f1'9121 ‘iccvzl:z:gzz:’xpl
;Zle'(h by thermal conduction through solid mc}<. S()mlc wa)f r‘ocg;\’ e
normal radioactivity of rocks in the upper crusrt. The vo \‘nnc ‘( A
large but the average femperatyres are .}OW' l‘he.h%‘m (j()I;[;,‘I;S) Th; o
estimated to exceed 635,000 guads .(Whl.tc un‘d Wllhz;msweg(.h:wc ! .him ‘{
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500 mi) fong extends along (hc cast side of the San Andreas fault. Temperatures
associated with this region are, however, not of geothermal interest. A possible
exeeption to this may occur in the southern San Joaquin Valley, where tempera-
wres may exceed 100°C. ‘However, few data are available on the extent of this
ESOUCC. |

Impediments to Development

the large-scale development of geothermal energy depends not only on the
xcuracy of the resource estimates but on technical, economic, legal and institu-
tional factors as well. Some of the impediments to the exploration and utilization
of geothermal resources are briefly summarized below. A more detailed descrip-
ton of these issues may be found in Batelle Memorial Institute (1976) and Jet
Propulsion Laboratory (1975, '1976).

fechnology Developmeny.  The development and demonstration of economic
means of utilizing liquid-dominated resources is required. Technology for han-
dling highly corrosive brines at the Salton Sca is required before this sizable
wsource arca can be used. Technology for the economic utilization of moderate
mperature resources nust be demonstrated before the many resource sites in
this category can be considered as targets for commercial development. The
aventual use of hot-igneous and conduction-dominated systems depends on the
aecessful outcome of research efforts to tap these resources.

fnvironmental Concerns. By comparison with conventional energy supplies,
avironmental impacts of geothermal energy may be small. Nonetheless, con-
«ems over air pollution (primarily H,S), water pollution, noise, and wildlife
nbitat destruction may limit geothermal development. The development and
weeptance of effective abatement techniques may minimize this factor.

Land Use Conflicts. The explorﬂatim and development of geothermal resource
vles may conflict with existing land uses in the vicinity of the site. In the Geysers
md Eastern Sierra regions, recreation and retirement needs may conflict with
wource development. In the Imperial Valley agricultural land use may have an
mpact on geothermal development.

The leasing and environmental assessment of federal lands for geothermal
kvelopment is required for widespread development of the Eastern Sierra and
“ortheast areas. ’ ’

fooling Water Availability. The installation of large numbers of geothermal
“ierating plants requiring cooling water will have an impact on the water supply
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of an arca. In arcas of limited water supply (i.e., the Eastern Sierra and Imperi
Valley regions) geothermal development may proceed only to a level for which
waler supplies can be available. '

Commercial Interest.  Large quantitics of capital must be placed at risk in onder
to explore and develop geothermal resources. In order for sufficient exploration
capital to be made available, geothermal encrgy must appear attractive compared
with other investment opportunities. Commitment of traditionally risk-aver.:
electric utilities to geothermal plant construction requires confidence in both the
economic viability of the utilization process and in the lifetime of the geothenm.!
reservoir. Assurance, based on reservoir analysis, that reservoir lifetime is suff:
cient to permit the plant investment to be fully amortized (typically 30 yr) u

required.

Conclusions
As an cnergy resource, geothermal resources can have a significant impact o-
California’s encrgy supply. In terms of stored heat, identified hydrotherm:’
resources have been estimated to have an energy content of 750 quads. He
igneous and conduction-dominated resources may have a heat content hundih:
of times greater than hydrothermal resources. By comparison the total energy v«
for all purposes by the state of California in 1975 was approximately 6 qusi
(California Energy Resources Conservation and Development Commissivs
1975). :

Physical, technical, and economic factors will permit only a fraction of t's
in situ geothermal heat content to be extracted and used. The high-temperatun
hydrothermal resources have the greatest potential for near-term utilization {+
commercial electric power production. The U.S. Geological Survey estimatc
that the recoverable thermal energy from currently identified hydrothermal s
tems could be utilized to provide the equivalent of over 19,000 MW of clects
power for 30 yr. If the identified geothermal resources of California could *
tapped in unison, they could supply the state’s electric energy for more than 30
at the 1975 rate of power consumption (160,000 GW/hr). In addition, funth:
geothermal exploration will identify new geothermatl sites which may have pote?
tials even greater than those of identified resources.

The resolution of the current impediments to development through technole;
development and governmiental action will bring a valuable resource to use
the benefit of all concerned.
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