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ABSTRACT 

The AOO*F l l q o l d dominated Deser t Peak g e o 
thermal r e s e r v o i r produces from f r a c t u r e s 
a s s o c i a t e d wi th I n t e r s e c t i n g n o r t h - n o r t h e a s t 
and east-norCheasC t r e n d i n g normal f a u l t s . 
F r a c t u r e s occur In I n t r u s i v e basement r o c k s , 
p r e - T e r t i a r y meCasedloentary and n e t a v o l c a n l c 
r o c k s , and T e r t i a r y v o l c a n i c r o c k s . S t a t i c 
t empera tu re surveys from s i x deep w e l l s I n d i 
c a t e t h a t t h e r e a e r v o l r h a s b o t h r e c h a r g e 
•od d i s c h a r g e l a t ha T l c l o i t y o f w e l l * B2I-1 
and 8 6 - 2 1 . 

I n t e r f e r e n c e d a t a , from a 30-day flow t e s t 
of 86-21 show h igh r e a e r y o l r . c o n n e c t i v i t y . 
:The e a l e a l a t « d C r a n a a l a s l T l t y l a an o r d e r of 
• ago i t t i da h i g h e r I n a n o r t h - a o a t h . d i r e c t i o n 
than l a aa c a a t - w a a t d i r e c t i o n . A. r e a e r v o l r 
chlckneaa oa t h a o r d e r o f thouaaoda o f f e e t 
and d i s t u r b e d r e s e r v e s l a excess of 7 b l l l l o a 
b a r r e l a a r e e s t i m a t e d . 

A . c o n c e p t u a l . a o d e l . o f t h e Deser t Peak aystem. 
c o n t a l a a a e t M r i e wtater^darlved fra<|vth« Car^.-

,:aoQ^and..-Farid,^Jisiduai'"'*"featiy' 'at' ' ' 'depth',2i^ 
c e r l r l a e a ap «Lli>Dg a o r u l ^ ^ e i ^ 
f r a c t u r e d "totaai'. b«twe«a|tte:^4«ptto'"o'f^ 

vandi 9000 fee t ' , f o r a l n g ' a g e b t h e r n a i r e s e r v o i r . 
T h e . C h a r M l ; - m t w . . . M i » a L ^ ^ 

. v l t h l a • few.bdtidred f * « t ' « f :eh«~:.atirfaeiK 
u n t i l i t baa reached h y d r o a t a t l c e q a l l l b r l u a 
o r l a blocked bjr d l a c o n t t o u o u a t a p a r a e a b l e 

. l a c a a t r l n « . a e d l a e o t a r 7 ; r o c k s . I a t h e l a t t e r 
c a s e I t •praadaioaC: l a t j w c r e a t i n g a 
huge nea r s u r f a c e ' t h e n u l ' a n o m a l y . 

IWTRODaCTIOM 

The Desert Peak geothermal field ts located 
approximately SO >llea eaat-oortheaat of Keno, 
Nevada In northwestern Churchill County (Fig. 
1). It .underllea the northero part of the 
.Bot. Spring* Mountalna which form part of the 
northwestern margin of the Carson Sink. To 
date alx-daep.Malla and: nuaaroaa shallow aol 
IntaraedtaCa depth teaparaCura-gradlent holea 
have been 4'rilled'at Desert Peak. Only one 
of these wells has not Intersected Che geo
thermal reservoir. These wells have dis
covered a liquid dominated reservoir with 

an average temperature of iOCF. The wells i.y^ 
produce from depths between 3000 and 9000 
feet. The produced fluid la a sodium chlor
ide water with a total dissolved solids 
content of 6700 ng/l. The dissolved gas 
content Is between .02 and .0431 by weight. 
The Desert Peak geothermal field Is blind in 
that there Is very little geological evi
dence exposed on the surface to Indicate Its 
presence (Benoit et al., 1982). At the 
present time, the proposed field developaent 
. by, Phillips Petroleum Company calls for a 9 .-
HW demonstration power plant to be built and 
operating by 1985. 

4;Fl8are 1. The Location Map. 

GEOLOGY AND GEOPHYSICS 

The Hot Springs Mountains are a low relief, 
highly fragmented horst block. In the 
northern half of the range, the general 
stratigraphy consists of Intrusive, rocks 
raogtag fro« homblandlta to granite In' 
composition below depths of 7000 feet. 
These have Intruded and contact netamor-
phoaed a Mesozoic (T) sequence of marine 
metasedlmentary and metavolcanlc rocks •. 
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which lie between depths of 3000 and 7000 
feet. ArglllXte, quarcslca and phylllte are 
the dominant Itthologlaa'with lesser lime
stone and metavolcanlc rocks also being 
present. TarClary volcanic rocka overlie 
the pre-Tartlary aectton^ This volcanic 
section .can be broken Into a lower rhyo
litic unit composed primarily of ash flow 
tuffs and an upper basaltic unit known as 
the Chloropagus Formation. The combined 
thtcV.r\e9a of thlâ  volcanic unld le between 
2 500 and 3000 feet. Overlying these vol
canic rocks Is a sequence of lacustrine 
sedimentary rocks known as the Truckee For
mation which la up to 600 feet thick in the 
vicinity of the wells. Lastly, Quaternary 
alluvium and a thin veneer of windblown sand 
cover most of the area. In the Immediate 
vicinity of the wells. 

Structurally, the northern Hot Springs Moun
tains have been broken Into numerous rhombo-
hedral blocks by Intersecting north-northeast ^ 
and east-northeast trending normal faults. 
Recent mapping and drilling Indicates that 
drape folds overlie many of these normal • 
faults In the vicinity of the deep wells. 

These drspa folds can be exposed where well-
bedded Tertiary sedimentary rocks have been 
preserved above an elevation of about..4S0O 
feet. .In the Insedlste vicinity o t Che 
wells the sedlaentary rocks sro.althar, eroded 
or are poorly axpoaad so tha drapa,folds'are 
•Hch sore dlfCloulC Co recogolse. The loca
tions of the deep wells and the faults In
ferred on the basts of a drape folding Inter
pretation are shown In Pig. 2. The locations 
of these faults are different than those 
presented earlier (Benoit et al., 1982; 
Hlner. 1979). 

Self-potential and ground magnetic surveys 
have been used at Desert Peak to help In 
locating possible hydrothemially active bur
led faults. The trends of both geologically 
and geophyslcally interpreted faults, as 
shown in Fig. 2, are similar. The elevation 
contours of the 400"F temperature, also 
shown In this figure, depict a dome with Its 
peak around well B21-I. This Indicates Chat 
the hot liquid rises up along normal faults 
in the vicinity of this vell> Earlier re
ports (Benoit et al., 1982) have demonstrated 
that near the surface this thermal water 
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•Figure 2. Inferred faults, well locations and evaluation contours of tOO^F temperature In 
Desert Peak. 
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moves l a t e r a l l y down g r a d i e n t th rough a v a i l 
a b l e p e r a a a b i i l t y . 

A p l o t of s t a t i c format ion t empe ra tu r e s 
ve r sus e l e v a t i o n In a l l t he Deserc Peak w e l l s 
I s shown In F i g . 3 . In s broad s e n s e , t h e s e 
Co ipe ra tu r e p r o f i l e s a r e of t h r e e t y p e s . 
F i r s t , w e l l s B2I-I and 86-21 a r e t h e h o t t e s t 
we l l s a t t he s h a l l o w e s t dep ths wi th c o n t i n 
u o u s l y d e c r e a s i n g t eaperaCure g r a d i e n t s . 
These wel l s a r e be l i eved to be c l o s e r to a 
hot d i s c h a r g e zone of the system Chan Che 
o t h e r wel l s In the f i e l d . A comparison of 
the deep i so thermal t empera tu res in t he we l l s 
sugges t s t h a t we l l s B21-1 and 86-21 a r e a l s o 
c l o s e r to t h e r echa rge source of t h e system 
than wel l B21-2. The I so the rmal t empera tu re 
In 821-1 and 86-21 Is 406°F compared to t h a t 
of 392'F In B21-2. 

The second type of p r o f i l e s a r e t hose mea
sured In wel l s B23-1 and 22-22 . 

The t empera tu res a t sha l low d e p t h s i n t h e s e 
wel la a r e lower t h a n t hoae o b t a i n e d In B21-1 ^ 
and 8 6 - 2 1 , but a r e a i a i l a r a t g r e a t e r d e p t h s . 
The p r o f i l e s of t he t h i r d t ype a r e t h e r e 
v e r s i b l e t empera tu re p r o f i l e s measured In 
w e l l s B21-2 snd 2 9 - 1 . The main d i f f e r e n c e 
between t h e s e two w e l l s I s Chat Che w e l l 
B21-2 i n t e r s e c t e d t h e g e o t h e r a a l r e a a r v o i r 
w h i l e t h e we l l 29-1 i s l o c a t e d o u t s i d e t h e 
r e s e r v o i r . The high t e a p e r a t u r e g r a d i e n t a 
a t sha l low dep ths i n t h e s e two w e l l s sppear 
to have been caused by l a t e r a l flow of ho t 
w a t e r . The r e v e r s a l i n 29-1 i s caused by 
hoc wsCer o r l g l n a c l n g In Che v i c i n i t y of 

•"wellavB21r 1 .and.;86^2i.^>a.o«iiig^-flttCw«r4,»«v«r. .-r...;.; 
c o l d a T i l o M l w a t e r a . ' The cause of t h e r e -
v e r s s l In B21-2 needs f u r t h e r sCudy. 

The p roduc t ion zones def ined from w e l l 
l ogs snd d r i l l i n g r e p o r t s a r e a l s o shown In 
F i g . 3 . I t l a b e l i e v e d t h a t C h « : w e U B 2 3 - I 
i o t e r s a c t a ^ two d i f faranC: hoCj,water;y.«qalf er*V~ 

however only one i s shown in t h i s f i g u r e . 
Based on s u c c e s s i v e t empera tu re su rveys . 
Urban and Diaent (1982) d e l i n e a t e d a shal low 
a q u i f e r between 330 and 164S foot e l e v a t i o n 
(2950 and 4265 foot d e p t h ) , as shown In F i g . 
3 . Hall.-B23rl a p p a r e n t l y produces (roil< 
balow t h e 7000 foo t d e p t h , Ihd l e s t lii« a 
deeper r e a e r v o l r ex tending below t h i s depth*. 
The g e o t h e r a a l r e s e r v o i r , as p r e s e n t l y known. 
In the Desert Peak s rea l i e s below an e l e v a 
t i o n of 1900 f e e t . 

INTERFERENCE TESTING 

Uell 86-21 was flow t e s t e d for 30 days In 
the f a l l of 1982. I t produced about 550,000 
Ibra/hr a t an average wellhead p r e s s u r e and 
tempera ture of 85 ps ig and 325°F r e s p e c t 
i v e l y . A t o t a l of 1.3 m i l l i o n b a r r e l s of 
f l u i d s was produced dur ing t h i s t e s t . Wells 
B21-1 and B21-2, loca ted r e s p e c t i v e l y 1315 
fee t southwest snd 3190 fee t nor th from 
8 6 - 2 1 , were monitored for t he I n t e r f e r e n c e 
d a t a ( F i g . 2 ) . 

The o b s e r v a t i o n w e l l s were equipped wi th 
downhole p r e s s u r e chambers connected Co 
h igh accuracy Helse gauges by c a p i l l a r y 
Cubing. The monlCorlng system was p r e s s 
u r i z e d wi th n i t r o g e n to minimize response 
t l a e . An hour ly r ead ing of t h e i n t e r f e r e n c e 
d a t a was , taken dur ing t h e CesC. I t was 
no t i ced ChaC Che we l l s B21-1 and B21-2 r e 
sponded wlchln 8 and 12 h o u r s , r e s p e c t i v e l y , 
to t he flowing of 8 6 - 2 1 . This I n d i c a t e s 
t h a t t h e w e l l s In t h i s r e s e r v o i r a r e we l l 
connec ted . 

..•.-*.:,.'•• .A- -.^i.. S^.-r t> -•̂ .i r:i-^fii^.i!--r^i.-. i- .-r-.i^i,:r-.' '*.';--.--^**¥.̂  .;<*..;: ".-•-';;l'.-•..•; 

A l o g - l o g p l o t of drawdown v e r s u s - t i m e i s 
sho%m i n F i g . 4 for both w e l l s . A maximum 
p r e s s u r e drop of about 34 p a l was noted i n 
we l l B21-I and t h a t of about 12.5 p s i i n 
we l l B2I -2 . The l i n e source s o l u t i o n 
match of t he f i e l d d a t a and t h e nondlmen-
s l o n a l c o o r d i n a t e s of t h e matched p o i n t a r e 
a l s o shown in t h i s f i g u r e . 
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Figure 3 . S t a t i c t empe ra tu r e s In Deser t 
Peak Wel l s . 

F igure 4 . Drawdown-type curve match for 
Wells B21-1 and B21-2. 
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The Horner bu i l dup p l o t s of both w e l l s a r e 
p re sen ted i n F i g . S. The d a t a of t h e wel l 
B21-1 , shown l a F i g s . 4 and 5 , do no t p o i n t 
toward the e x i s t e n c e of a p e r a e a b i l l t y 
b a r r i e r . However, t h e p l o t s of t he w e l l 
B21-2 do d i s p l a y t h e e x i s t e n c e of a d i s c o n 
t i n u i t y a f t e r 55 hours dur ing drawdown 
and 142 hours dur ing b u i l d u p . 

CONCEPTUAL MODEL 

A concep tua l aode l of t h e Desert Peak g e o 
t h e r a a l f i e l d i s shown i n F i g . 6 . Zba d e p t h s 
o f t h a upper a a n t l a l a t h a Baaia and Range J 
p r o v l n c a v a r i e s f ro« IS 'Co 20 a i l a a ' ' ( S t a u b e r , 
•1983). P rev ious ly d i scussed s t r a t i g r a p h y 
and Che Chlcknesses of va r i ous formaclons 
encountered In t h i s f i e ld a r e a l so shown In 
t h i s f i g u r e . 

OT / (T*OT) 

Figure 5 . Homer bu i ldup p l o t s for w e l l s 
B21-1 and B21-2. 
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F i g u r e 6 . Conceptual Model of Deser t Peak 
Geo the raa l F i e l d . 

For an ave rage p roduc t ion r a t e of 550,000 
I b a / h r and a r e s e r v o i r t empera tu re of 405*F, 
t h e fo l lowing r e s e r v o i r pa ramete r s may be 
obtaiaed, . . f roa F i g s . 4 and 5 ( E a r l o u g h e r , 
1977) . • 

Observa t ion He l l B21-1 

Drawdown: 

Bu i ldup : 

kh - 33,000 md-fc 
^ . h - 37 X I0~* f t / p s i 

kh 3 3 , 0 0 0 , a d - f t -
(JCjh - 27 X 1 0 ^ f t / p s i 

Obse rva t ion Hel l B21-2 

Drawdotni: kh - 423,200 a d - f t 
4Cj.h - 57 X 10~* f t / p s i 

d i s t a n c e to t h e d i s c o n t i n u i t y 5600 f e e t 

Bui ldup: kh - 423,800 a d - f t 
f j^h - 70 X 10"* f t / p s l 

d i s t a n c e Co Che dlsconClnulCy 8150 f e e t 

Theaa r e s u l t s l a p l y t h a t t h e t h i c k n e s s o f 
t h a r e a a r v o i r l a . i n Chouaanda o f - f e e t r a t h e r 
than httodreda o f f e e t ; Based on t h e InCer -
fe rence d a t a , t h e r e s e r v e s dlsCurbed du r ing 
Che 30-day . f low-axcaed.! : b i l l i o n b a r r e l a . 
Hor theaa t - aoa thwos t t r e n d i n g f a u l t s l o c a t e d ' 
n o r t h of w e l l 22-22 a a y - b a I n t e r p r e t e d a s 
p o a a l b l e p a T a a a b l l l t y b a r r i e r s . 

The f r a c t u r e a i n hard baaeaea t rocks which 
r e s u l t from normal f a u l t i n g a r e expected Co 
i a c r e a a e v e r t i c a l p e r m e a b i l i t y auch a o r e than 
t h e b o r i s o n t a l p e r a e a b i l l t y . The hea t 
t r a a a f e r . a e c h a o i s a I n i the^boseaent. . complex -^•^..i,-^.,^';!:^.^*'-.•• -i.^M,'-^ 
i s expected- t o -be c o n ' t r o U a i i b f Vcooyection 
i n open f r s c t u r e s and by conduc t ion i n low 
p e r m e a b i l i t y r o c k a . -'Wall SZS-l £a. be l ieved^ 
t o produce f r o a o C h a g r a a l t a below 7000 f e e c 

He l l s B21-I and B21-2 produce from the p r e -
T e r t i a r y s e c t i o n . He l l 86-21 produces from 
r h s r o l l t a n e a r t h a beittett'fof t h e .Te r t i a ry 

- v o l c a n i c a e c t l o n where both v e r t i c a l and 
h o r i z o n t a l water flow has been obse rved . In 
t h e T e r t i a r y v o l c a n i c s e c t i o n , hea t t r a n s 
f e r i s p r l a a r i l y by c o n v e c t i o n . I t I s p r e 
sumed t h a t h e a t t r a n s f e r i n t h e p r e - T e r t i a r y 
a e t a s e d i a e n t s r y and a e t a v o l c a n l c rocks i s by 
bo th convec t ion and conduct ion depending 
upon t h e p re sence o r absence of f l u id a o v e -
a e n t . The known g e o t h e r a a l r e s e r v o i r I s 
shown s c h e m a t i c a l l y by hatched l i n e s In F i g . 
6 . 

F ine gra ined l a c u s t r i n e sed imentary rocks of 
t he Truckee Formation o v e r l i e T e r t i a r y v o l 
c a n i c rocks and a c t as l o c a l caps for near 
s u r f a c e h o r i z o n t a l movement of thermal w a t e r . 
However, i n many a r e a s t he water t a b l e I s 
s e v e r a l hundred f ee t d e e p . This means t h a t 
o f t e n t he r e l a t i v e l y Chin Truckee FormaClon 
does not have a chance t o acC aa a cap rock 
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because It la completely above the water 
table. At this tlae, it is not known whether 
or not an effective cap exists for the Desert 
Peak reservoir. 

The uppermost layer In Flg.< 6 consists of 
alluvlua to a aaxlaua'depth of 200 feet. 
Thla layer is alaost always above the water 
table. 

The reservoir Is highly fractured with faults 
concentrated In northeasterly and northwest
erly directions, as shown In Fig. 2. Faults 
shown In Fig. 5 are schematic, but do re
present the reservoir concept as known to 
date. 

In summary, the vertical as well as hori
zontal permeability In Che basement and In 
Che geothermal reservoir Is mostly due to 
fracturea. The major source of fluids In 
Che DeserC Peak area Is thought to be seepage 
from Che Carson and Femley Sinks, which are 
located respectively to Che ease and wesC of 
Che Hot Springs Mountains (Fig. 1). It la 
posculsced that this water percolatea gradu
ally into the sedlaents and basement rock 
over an area considerably larger than the 
Desert Peak » a o m ^ j , HeaCed aC depth by an 
as yet undefined source, the liquid rises 
into the high peraeability fractured fault 
zones, convecting energy Coward Che surfsce. 
The ascending hoc water charges the highly 
fractured aain geotheraal reaervolr which Is 
believed Co exlsC between 3000 feet and 9000 
feet depCh. The Cheraal water either con
tinues to rise or leaks out of the reservoir, 
tb"wlthio-'o"few'hundred•feet' of'the surface"*"' 
until it has reached hydroatatlc. 4MialllbrtaB 
or it 'is; blocked by iaparaaabla lacaatririe 
aediaantary rocks. In the latter case, it 
flows laterslly down gradient along available 
flow pach permeability beCween depths of 200 
CO 1000 feec. This laCeral hot water flow 
has created a huge. Intense near-surface 
theraal anomaly which obscures the location 
of the smaller actual produceable reservoir 
(Fig. 3). It is believed chaC the Chree 
shallowesc producing wells (B21-1, B21-2 and 
66-21) produce from normal faults concealed 
by ayerlyiagv<drape-folds. 

CONCLUSIONS 

Geological and well CesClng daCa IndlcaCe 
Chat Che fractured geotheraal reservoir lies 
in varioas rock types. The fractures, aC 

least In the iaaedlate vicinity of wells 
B2I-1, B21-2 and 86-21, d l a p l t y * t t t o t i g 
north-south trend.' The Interference data 
indicates that the walls Intersaet a highly'^ 
paraaabla raaacvolr; The north-south trans-
-aissivity is .an ordar of aagnttuda higher 
than that in-aa'st-^eat direction. This 
sgrees well with Che faulc orlenCaClon In 
the field. The transralsslvlcy and storatlv-
Ity calculations Indicate that the thickness 
of the Desert Peak reservoir la on the order 
of thousands of feet. This agrees well with 
the Interpretation that the fracture zones 
are aaaoclated with steeply dipping normal 
faults. A conceptual model. Involving deep 
circulation of meteoric water through normal 
faults, explains various features associated 
with the Desert Peak geothermal reservoir. 
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A REVIEW OF HIGH-TEMPERATURE GEOTHERMAL DEVELOPMENTS 
IN THE NORTHERN BASIN AND RANGE PROVINCE 

Walter R. Benoit Robert W. Butler 

Phillips Petroleum Company Chevron Resources Company 

ABSTRACT 

Intensive geothermal exploration in the north
ern Basin and Range province has resulted in the 
the discovery of nine high-temperature (>200°C) 
geothermal reservoirs: 

1) Roosevelt Hot Springs, Utah 
2) Beowawe, Nevada 
3) Humboldt House, Nevada 
4) Brady's Hot Springs, Nevada 
5) Desert Peak, Nevada 
6) Northern Dixie Valley, Nevada 
7) Soda Lake, Nevada 
8) Steamboat Springs, Nevada 
9) Coso, California 

In addition, there is geological, geophysical, 
and geochemical evidence to indicate an undis
covered reservoir In the Long Valley caldera, Cal
ifornia. Delays in Federal leasing are the main 
reason this reservoir has not yet been located. 

Four of these areas occur along the east or, west 
margins of the province'and'are spatially'associated 
with Quaternary or Recent siliceous volcanic centers. 
Five are in or near the Carson Basin in northwestern 
Nevada and lack evidence for magmatic heating. The 
Beowawe reservoir has a unique occurrence near the 
east-west center of the province. Most reservoirs 
are closely associated with known or suspected Basin 
and Range normal faults. 

With the exceptions of the localized shallow 
steam production at Coso and bicarbonate-rich water 
at Beowawe, the known reservoir waters have a dilute 
sodium chloride composition. Reservoir temperatures 
typically range from 200 to 220°C. The maximum rep
orted temperature in the northern Basin and Range 
province is 271°C at Roosevelt Hot Springs. 

The most thoroughly evaluated reservoirs are 
Roosevelt Hot Springs and northern Dixie Valley with 
13 and 10 deep wells respectively. The most limited 
data are from the Soda Lake, Steamboat Springs, Hum
boldt House, and Long Valley prospects where only 
two or three deep wells per prospect have been drill
ed. Depths of the producing intervals vary from about 
300 to 3000 m, but production is often from less than 
1200 ra. 

Only one high-temperature, geothermal power plant 
at Roosevelt Hot Springs is under construction in the 

province. Extensive negotiations between developers 
and utilities have taken place regarding the'Beowawe, 
Dixie Valley, and Desert Peak reservoirs. 

INTRODUCTION 

During the past ten years there has been a major 
effort by private Industry, government agencies, re
search organizations, and universities to locate and 
study geothermal resources capable of generating 
electrical power. This has resulted in hundreds of 
published papers covering many geothermal areas in 
the northern Basin and Range province in a wide 
variety of scientific journals, plus a great amount 
of unpublished data generated by private Industry. 
It is impossible to know how many potential high-
temperature areas have been considered as prospects 
but the number must exceed 100. A complete ex
ploration history of the northern Basin and Range 
province would be incomplete arid sporadic at best. 
Therefore, this paper will briefly review the his,-
' tory and geology df ten areas' where exploration for" 
high-temperature (>200°C) geothermal reservoirs has 
been successful. 

Exploration for high-temperature geothermal res
ervoirs in the northern Basin and Range province 
started in 1950 with the drilling of the Rodeo well 
at Steamboat Springs, Nevada specifically searching 
for steam to generate electricity (White, 1983). 
In the 33 years since this little-noticed beginning, 
several hundred million dollars and untold man years 
have been spent in exploration. At least 171 wells 
Intended to produce high-temperature geothermal 
fluids have been drilled by many different entities 
to depths from 28 to 3854 m. The net result has been 
the discovery of nine high-temperature reservoirs in 
eight widely separated areas (Fig. 1). The total 
industry cost per discovery in the northern Basin 
and Range province is estimated at $20 million 
(Edmiston, 1982). Of these nine discoveries, 
one power plant is presently under construction. 
Four additional power plants have been seriously 
discussed. 

There was little exploration activity after the 
unsuccessful Rodeo well until 1959, when Magma Power 
Company began a major drilling program in search of 
dry-steam reservoirs. By late 1962, Magma ceased 
this Initial exploration program after drilling 48 
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Figure 1. Locations of High-Temperature Geothermal 
(modified from Edmiston, 1982). 

Reservoirs in the Northern Basin and Range Province 

wells In the immediate .vicinity of 15,thermal , ., : ; 
springs. This activity proved to Magma that the 
high-temperature reservoirs, if present In the 
Basin and Range province, -would not be dry-steam 
systems like the Geysers in California. In retro
spect, Magma was at a further disadvantage in 
their exploration because they were limited to 
privately owned, hot spring properties. Until 1974, 
Federal lands were unavailable for geothermal 
leasing. 

Between 1962 and 1973 geothermal exploration pro
ceeded slowly. The main exploration thrust was 
deeper drilling, generally In the more promising 
areas drilled by Magma. Additional companies 
joined in the search during this time, including 
some not cited in this report, but no major new 
successes resulted. At least 76 wells were drilled 
prior to 1974 resulting in measured temperatures 
greater than 200°C at Beowawe and Brady's Hot Springs 
In the early 1970's geothermal exploration in the 
Basin and Range province began to revive for sev
eral reasons. The Geothermal Steam Act of 1970 
permitted future leasing and development on Federal 
lands. The true potential of the Geysers In 
California was becoming evident, proving that 
geothermal power could be generated at competitive 
prices and in sufficient quantity to Interest 
large corporations. The early 1970's were dominated 

- by •OPECpollcles-r-dramatic' oil-price Increases-,- • • 
embargoes,and energy shortages—that shook America's 
complacency regarding energy supplies. Finally, 
geothermal had enhanced environmental benefits 
when compared to coal, nuclear, oil, and new large 
scale hydroelectric power. These factors encourag
ed large energy companies to commit substantial 
sums of money, derived primarily from oil produc
tion, to geothermal exploration. In addition, 
the Federal government committed tens of millions 
of dollars to geothermal exploration, research and 
development, and managing leasing activities In 
the province. The commitment of funds reached an 
Initial high point In 1975 (Edmiston, 1982) when 
private industry first obtained enough Federal 
leases and completed enough preliminary exploration 
to warrant drilling 12 large-diameter production 
wells. Drilling peaked in 1979 at 19 wells, many 
partially funded by the U. S. Department of Energy's 
Industry-Coupled Geothermal Reservoir Assessment 
Program (Fiore, 1980). A large share of the Basin 
and Range geothermal literature resulted from 
this program. Between the enactment of the Geo
thermal Steam Act In 1974 and May, 1983, 95 large-
diameter exploratory or production wells were 
drilled. 
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ROOSEVELT HOT SPRINGS 

The Roosevelt Hot Springs geothermal reservoir 
is located in southwestern Utah near the east 
margin of the province (Fig. 1) along the western 
side of the Mineral Mountains about 19 km northeast 
of Milford, Utah (Fig. 2). 

Roosevelt Hot Springs is the only known high-
temperature geothermal reservoir in the eastern 
half of the province. It is also the hottest known 
reservoir in the province with a maximum publicly 
reported temperature of 271°C (Rudisill, 1976). 
The discovery well, 3-1, was the second drilled by -
Phillips Petroleum Company in 1975, following a 
comprehensive three-year exploration program 
(Lenzer et al., 1977). The high reservoir temper
ature and relatively early discovery date, which 
coincided with abundant grant money made available 
by the U. S. Department of Energy, has made Roosevelt 
Hot Springs the site of extensive geological, 
geophysical, and geochemical research performed 
primarily by the University of Utah Research Insti
tute. This extensive data base has been integrated 
into a comprehensive case study by Ross et al. 
(1982). An older, more extensive bibliography was 
prepared by McKinney (1978). 

The Roosevelt Hot Springs geothermal system was 
classified as a Known Geothermal Resource Area (KGRA) 
by the U. S. Geological Survey in 1972, mainly be

cause of its encouraging surficial features which in
clude 190''F thermal springs, siliceous sinter, mer
cury deposits, nearby young obsidian flows, and an 
82-m deep "steam" well which was drilled in 1967 and 
1968. The well flowed for six weeks before being 
plugged. The Federal lands were leased In July, 
1974 at one of the earliest KGRA sales. Since 
that sale, 13 exploration and production wells 
(Appendix 1) and eight deep temperature-gradient 
holes have been drilled (Fig. 2.), making it the 
most thoroughly drilled reservoir in the province 
and outlining a productive area of almost 14 km^. 

The Roosevelt Hot Springs geothermal reservoir 
is a fractured complex of competent Tertiary gran
itic and Precambrian metamorphic rocks. It under
lies an area 2.4 km wide by 3.7 km long between 
the Dome Fault on the west and the irregular front 
of the Mineral Range on the east (Peterson, 1975; 
Ross et al., 1982). The reservoir is elongate in 
a north-northeast direction and coincides closely 
with a series of range-bounding normal faults as 
suggested by seismic-refraction data (Ross et 
al., 1982). 

A line of rhyolite domes dated at .5 to .8 my 
occur along the crest of the Mineral Range both 
north and south of the reservoir. These domes in
dicate the possibility of magma in the vicinity of 
the reservoir and may explain the substantially 
higher than normal temperature of this Basin and 
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Figure '2. Map of the Roosevelt Hot Springs, Utah Area (modified from Ross et al., 1982), 
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Range reservoir. 

Production wells at Roosevelt Hot Springs pro
duce a sodium chloride water with a total dissolved 
solids content of about 7000 rag/1. These wells are 
somewhat unique In the Basin and Range province be
cause the abnormally high temperature has created a 
reservoir pressure greater than the hydrostatic pres
sure, requiring no stimulation to begin flow. Mass-
flow rates for the Roosevelt wells are variable but 
can be very high. Wells 27-3 and 35-3 have re
spective flow rates of 454,000 and 635,000 kg/hr, 
making them among the most prolific hot-water geo
thermal producers In North America (National Geo
thermal Service, 1983). 

Negotiations for a heat-sales agreement-with 
Utah Power and Light began in 1977. In September, 
1980, a contract was signed for the construction 
of a 20-mw, single-flash demonstration plant to be 
followed by two additional 50-mw units contingent 
upon the success of the first plant. The 20-mw 
power plant is currently under construction and 
is expected to be operational early in 1984. 

The Roosevelt Hot Springs area was the site of 
a one-mw helical-screw expander that generated the 
first electricity produced from a geothermal 
resource in the province during a long-term flow 
test of well 54-3 in March, 1978. In April, 1983 
a 1.5-mw Biphase rotary-separator turbine completed 
a six-month endurance test, again powered by fluid 
from well 54-3. 

BEOWAWE 

province. Including a 75-m high sinter terrace made 
up almost exclusively of opal. In addition, there 
are boiling springs, fumaroles, steaming ground, 
geysers, mud pots, and abundant hydrothermally 
altered rock and ground. Thus it is no surprise 
that in 1960, Beowawe was the first high-temperature 
geothermal reservoir to be discovered in the Basin 
and Range province. 

The geothermal literature on Beowawe is extensive. 
The local geology is discussed by Struhsacker (1980) 
who also Included a very thorough bibliography. The 
regional setting of Beowawe is emphasized in papers 
by Stewart et al. (1975), and Zoback and Thompson 
(1978). Geophysical studies have been published by 
Smith (1979), Smith et al. (1979), Swift (1979), and 
Zoback (1979). Reservoir-engineering studies have 
been prepared by Middleton (1961) and Epperson 
(1982). 

The basement geology at Beowawe is intensely de
formed, thrust-faulted Paleozoic carbonate and clas
tic sedimentary rocks. Overlying the Paleozoic sec
tion is a gently dipping cap of basaltic-andesite and 
dacite flows with minor tuffs, related to a north-
northwest -striking, mld-Mlocene rift just a few km 
west of the sinter terrace. The rift at Beowawe 
is part of a 700-km long belt of extensional fault
ing and volcanic centers with associated dike swarms 
and graben-filllng volcanic rocks, extending from 
central Oregon to central Nevada (Stewart et al., 
1975; Zoback and Thompson, 1978). The Beowawe 
reservoir Is located along an east-northeast-
striking. Basin and Range normal fault, the Malpais 
fault, in the Paleozoic sedimentary and Tertiary 
volcanic rocks. 

The Beowawe geothermal area is located in north-
central Nevada, 32 km southeast of the town of 
Battle Mountain near the center of the province 
(Fig. 3).. It has some of 'the'.-<B08t- spectacular..- -̂ ti 
surface manifestations of any^area within the; 

' R.47E 

Geothermal exploration at Beowawe started in 1959 
with shallow well drilling by Magma and Sierra 

.•'CPacific-'Pbwer̂ Companieef(Appendix•.l).-'i:By.'1965--they ••' 
had'-completed 12-wells'and discovered a resource 
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Figure 3. Map of the Beowawe, Nevada Area (modified from Struhsacker, 1980) 
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> 200''C at depths of 215 to 245 m (Garside, 1974; 
Garslde and Schilling, 1979). Vulcan wells 1, 2, 
and 3 had flow rates of 680,000 kg/hr at wellhead 
pressures of 7.5 bars jf (Middleton, 1961). However, 
temperature and flow-rate decreases led to the con
clusion that the reservoir was depleting and being 
invaded by cold water (Epperson, 1982). Activity 
then ceased until Che early 1970*8. 

The productivity of the recently tested wells 
Is around 185,000 kg/hr total mass flow. Epperson 
(1982) believes the lower flow rates compared to 
those of Middleton (1961), are due primarily to 
mechanical completion restrictions. A more conven
tional casing program would allow the Glnn 1-13 to 
flow two-phase brine at 450,000 kg/hr with a pres
sure of 9.3 kg/cm^ +. 

Exploration resumed in the early 1970's when 
Chevron drilled the Glnn 1-13. This 2911-m test, 
the deepest In the province at the time (1974), en
countered a 216°C reservoir within fractured Paleo
zoic quartzltes along the Malpais fault. The Rossi 
21-19 was next drilled closer to the Malpais fault, 
but lacks sufficient permeability. In 1975 explo
ration drilling returned to the sinter terrace. 
However, the Batz #1 well at the east end of the 
terrace was the final disappointment for Magma. 
Chevron later drilled two producing wells on the 
terrace, 85-18 and 33-17. The most recent well, the 
Collins No. 1, was drilled by Getty Oil Company in 
1981 on the back side of the terrace, and was un
successful. 

The water produced at: Beowawe is a dilute sodium 
bicarbonate water with a dissolved solids content 
of 1200 mg/1. This is the only high-temperature re
source in the province which is not a typical sodium 
chloride water, possibly indicating a deeper reser
voir in Paleozoic carbonate rocks. 

Between 1979 and 1982, Chevron and a consortium 
of utilities known as NORNEV (Kellman, 1982) nego
tiated to build a 13-mw (gross) binary-power plant 
at Beowawe. Currently Chevron Is negotiating with 
a field-development partner for a joint-venture, 
10 to 20-mw power plant to be built by a third-party 
manufacturer, A power-sales contract would be nego
tiated with Sierra Pacific Power Company. 

The current interpretation of the Beowawe reser
voir Is that there is a shallow 185°C + producing 
interval in the terrace area within the Tertiary 
volcanic section. There Is also deeper and hotter 
fracture production between 2500 and 3000 m with a 
temperature of 216°C + in Paleozoic rocks along the 
Malpais fault. . Interference tests indicate a high 
degree of coritinuity between all wells. Pressure 
responses are observed in less than one hour for 
wells up to 2 km apart, even.for those completed 
In different geologic units (Epperson, 1982). 

BRADY'S HOT SPRINGS - DESERT PEAK 

The Brady's Hot Springs-Desert Peak area is located 
in the northern part of the Hot Springs Mountains, 
32 km northeast of Fernley, Nevada'(Fig. 4). Brady's 
Hot Springs and Desert Peak are apparently separate, 
high-temperature geothermal systems located about 
six km apart. 

A lengthy case history and bibliography of these 
l:iii -are-̂ s has recently been published by Benoit et al 
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(1982). A more recently published work on Desert 
Peak Is a temperature study of well B23-1 by Urban 
and Dlment (1982). 

The Desert Peak geothermal system is significant 
in two aspects. It was the first blind geothermal 
discovery in the province with minor surface mani
festations to indicate the presence of this reser
voir. Second, the near-surface thermal anomaly asso
ciated with the Desert Peak reservoir Is the largest 
and most Intense in the province. An area of approx
imately 195 km has temperature gradients in excess 
of 110°C/km. The local surficial geology consists 
of Tertiary volcanic and sedimentary rocks that are 
drape folded over numerous, seldom-exposed, north-
northeast and east-northeast-striklng normal faults. 

Geothermal exploration began In 1959 at Brady's 
Hot Springs solely because of the once-impressive 
surficial thermal features. Magma Power Company in
itially drilled six shallow wells, several of which 
produced large volumes of sodium chloride water with 
temperatures over 160°C (Appendix 1) and dissolved 
solids contents.near 3500 mg/1 after steam separa
tion. In 1964 Earth Energy drilled the first deep 
well, encountered 212°C temperatures but failed to 
produce significant amounts of fluid. The last 
major exploration at Brady's Hot Springs occurred 
in 1974 and 1975 when two unsuccessful deep wells 
confirmed the small size of this reservoir. This 
does not mean that Brady's Hot Springs is an insi
gnificant resource. The world's only commercial 
geothermal food-processing plant has been in opera
tion since 1978 at Brady's Hot Springs. This 
plant is the largest commercial geothermal operation 
in the Basin and Range province and will remain so 
until the 20-mw power plant at Roosevelt Hot Springs 
comes on line In 1984. 

Geothermal exploraclpa. at Desert- Pe,ak >egan ln.v< 
.1973 as a .res,ult of. a shallow, temperature-gradient 
hole program centered on Brady's Hot Springs. The 
Desert Peak reservoir was discovered solely by 
shallow and deep temperature-gradient drilling, a 
technique which was successful primarily because 
the Desert Peak thermal anomaly is so large. This 
large size is a result of subsurface thermal-water 
discharge into subhorizontal aquifers at shallow 
depths. Phillips Petroleum Company's second deep 
exploratory well, B21-1, discovered the Desert Peak 
reservoir in November, 1976. To date, six production 
wells and 12 deep temperature-gradient holes have 
been drilled. The first three producing wells at 
Desert Peak suggested the reservoir was areally 
extensive and confined to pre-Tertiary metase
dlmentary, metavolcanlc and granitic rocks. In 
1982, wells 86-21 and 22-22 confirmed that dis
crete north-northeast-and east-northeast-strlklng 
faults provide the shallow permeability and proved 
production from the Tertiary volcanic rocks. Well 
86-21 is currently the largest producer at Desert 
Peak with a maximum flow rate between 340,000 and 
410,000 kg/hr. The sodium chloride reservoir water 
at Desert Peak is about twice as saline as the 
Brady's water with a dissolved solids content of 
67-00 mg/1. 

Calcium carbonate scaling in the wellbore during 
production Is a problem at Desert Peak as It is in 
most, or possibly all, of the hlgh-tempererature 
Basin and Range reservoirs. A 30-day, scale-
inhibition test by EFP Systems Inc. on well B21-2 
was successful In alleviating this problem. They 
used recycled carbon dioxide as a gas-lift pump to 
Increase the wellhead pressure and lower the pH of 
the geothermal fluid from 7.0 to 5.6, thus prevent
ing scaling during flashing in the wellbore (Kuwada, 
1982). 

Negotiations are underway between Sierra Pacific 
Power Company and Phillips Petroleum which will 
hopefully result In the construction of a 10-mw 
demonstration power plant. The ultimate potential 
of this large and promising prospect has yet to be 
determined. 

HUMBOLDT HOUSE 

The Humboldt House geothermal reservoir is lo
cated in northwestern Nevada midway between the 
towns of Lovelock and Winnemucca (Fig. 5) and under
lies a series of coalescing alluvial fans descending 
from the west flank of the Humboldt Range. This 
prospect has been characterized by initial success 
followed by increasing frustration in exploration. 
Geothermal literature on this prospect is quite 
limited. The regional geology is described by 
Johnson (1977) and the local geology has been mapped 
by Siiberllng and Wallace (1967). Some geothermal 
history and information is briefly presented by 
Desormier (1979). Data and interpretations from the 
most recent exploratory well, Campbell E-2, have been 
published by Phillips Petroleum Company (1979), and 
Slbbitt and Glenn (1981). 

The geothermal potential of the Humboldt -House 
,area,,was,, recognl2ed...during.,â .regiona),,§hal.lqw.,.,. , .... 
temperature-gradient-hole drilling program. .As the. . 
near-surface thermal anomaly was being outlined, 
recently extinct, siliceous and calcareous spring 
deposits were noted (Garslde and Schilling, 1979) 
and a small volume of 75°C water was discovered 
leaking from an old shallow mineral-exploration 
hole. The Na-K-rCa geothermometer predicts a sub
surface temperature of 260°C for this water. This 
may be the highest predicted subsurface temperature 
in Nevada, but no drill hole at Humboldt House has 
yet: come close to this temperature (Appendix 1). 

The first production well, Campbell E-l, was 
drilled by Phillips Petroleum Company In November, 
1977 and is capable of producing about 363,000 kg/hr 
of fluid with a maximum subsurface temperature of 
183°C. The produced fluid is a dilute sodium chlorid 
water with a total dissolved solids content of about 
5000 mg/l, and is chemically very similar to the ther 
mal water from the old shallow mineral-exploration 
hole well 6.6 km to the north-northwest. The Campbell 
E-l well is believed to produce from an unconsolidate 
zone of alluvial limestone boulders at depths between 
546 and 559 m (Desormier, 1982). This is the only 
known geothermal well in Nevada with a high.shut-in 
pressure, 10.5 kg/cm^. 
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Figure 5. Map of the Humboldt House, Nevada Area (geology after Siiberllng and Wallace, 1967). 

Two other dry exploratory wells were drilled in 

1978 and 1979 (Appendix 1). Union Oil Company's 

Campbell No. 1 well has the maximum measured temp

erature at Humboldt House (205°C) but produced only 

about 10 Lpm of brine. These two wells encountered 

thick sections of the Triassic Auld Lang Syne Group— 

shales, slates and phyllites which appear too in

competent to maintain fracture permeability. The 

lack of permeability In the Auld Lang Syne Group has 

also been a problem at other geothermal prospects 

In northwestern Nevada. Thick sequences of sili

ceous sinter have been found interbedded within the 

Quaternary alluvium and underlying Tertiary lacus

trine sedimentary rocks in both wells and deep temp

erature-gradient holes. Indicating a long history 

of geothermal activity at Humboldt House. 

No drilling has occurred on this prospect since 
1979. Additional drilling is needed to confirm the 
reservoir, possibly one of the hottest in Nevada, 
but the major problem remains an apparent inability 
to locate successful wells. 

NORTHERN DIXIE VALLEY 

The Northern Dixie Valley geothermal area In 

west-central Nevada is about 95 km northeast of 

Fallon (Fig. 6 ) . This Is the second most developed 

area in the province, with 10 deep wells. Actually, 

there are several prospective, high-temperature areas 

in Dixie Valley, but only the area of the potentially 

commercial SUNEDCO development near Senator fumaroles 

will be discussed. 
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Figure 6. Map of the Dixie Valley, Nevada Area (modified from Speed, 1976). 

SUNEDCO has released few results of their ex
ploration. Therefore, the geothermal literature on 
Dixie Valley Is mostly regional studies or discus
sions of data from the two wells drilled by Thermal 
Power Company and Southland Royalty Company as part 
of the Industry-Coupled Program (Fiore, 1980; 
Denton et al., 1980). A compilation of published 
literature and data can be found in the June, 1981 
Geothermal Resources Council Bulletin. The most 
recent report summarizing SUNEDCO's exploration 
activities is by Parchman and Knox (1981). Geother
mal developments In the southern part of Dixie Valley 
are reported by Waibel (1983). 

Dixie Valley is a typical Basin and BUnge graben 
with a northeasterly strike and interior drainage 
into the Humboldt Salt Marsh. The geothermal reser
voir is associated with the major normal fault(s) 
separating Dixie Valley from the Stillwater Range 
to the west. The Stillwater Range is a structurally 

complex block of Mesozoic sedimentary and Igneous 
rocks overlain by a thick and variable Tertiary 
volcanic sequence (Willden and Speed, 1974; Speed, 
1976; Waibel, 1983). Similar geology has been pen
etrated by the wells In Dixie Valley (Bard, 1980). 
Dixie Valley is known primarily for the 6.8-magnl-
tude, 1954 Dixie Valley-Fairview Peak earthquake 
and associated swarms that produced fault scarps 
as high as 6 m (Slemmons, 1957). A spreading rate 
of 1 mm/yr for the past 12,000 yrs has been estimated 
by Thompson and Burke (1974). 

Surface thermal manifestations in northern 
Dixie Valley are obvious and abundant at the base 
of the east scarp of the Stillwater Range. They 
include Dixie and Sou Hot Springs, Senator and 
other unnamed fumaroles, and several hydrothermally 
altered and mineralized areas. Although the pre
dicted subsurface temperatures based on the standard 
chemical geothermometers from the thermal springs 
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were low, SUNEDCO continued exploration because 

silica-mixing models at Dixie Hot Springs and 

temperature-gradient data indicated an estimated 

180-210°C reservoir at depth (Parchman and Knox, 

1981). 

The limited fluids produced from the Thermal 
Power wells are sodium chloride in composition and 
have a total dissolved solids content ranging from 
1600 to 5400 mg/ml (Bohm et al., 1980). The SUNEDCO 
wells produce a similar low-salinity water. 

SUNEDCO's first well. Lamb #1, was the discovery 

well (Appendix 1). Completed at 2211 m in 1978 

about 4-1/2 km southeast of the Senator Fumaroles, 

this well produces from fractured Tertiary volcanic 

rocks and possibly the underlying Mesozoic intrusive 

and volcanic rocks (Bard, 1980). SUNEDCO has 

subsequently drilled seven stepout or delineation 

wells, six of which are producers. The only non-

producer. Federal 62-21, Is the deepest test 

to date and the furthest from the range-front 

fault. As all the producing wells are between 

2211 and 3005 m deep, Dixie Valley is the deepest 

geothermal reservoir yet discovered In the province. 

SUNEDCO has not released temperature data but a 

bottomhole temperature of the SUNEDCO development 

in excess of 238°C has been published (Keilraan, 

1982). 

Two additional deep wells were drilled along the 
range front southwest of SUNEDCO's wells in 1979 by 
Thermal Power Company. Although both of these wells 
are hot, neither is productive. Bard (1980) reports 
that the Thermal Power Company wells encountered the 
same general lithology as the Lamb #1. However, he 
believes the reason the permeability is reduced is 
because of a "missing" red clay-layer cap overlying 
the volcanic sequence, and the absence of a sizeable 
intrusive body. 
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The SUNEDCO flow rates have not been released, 

but they are considered favorable for potential elec

tric-power development. SUNEDCO has talked to a 

number utilities about developing Dixie Valley and 

at the present time, the next likely step is a small 

demonstration plant. 

SODA LAKE 

The Soda Lake geothermal area is located in the 

southwestern part of the Carson Sink, some 10 km 

northwest of Fallon, Nevada (Fig. 7). This prospect 

is relatively unknown as Industry exploration re

sults to date have not been widely publicized, and 

the surficial geology largely conceals the active 

geothermal manifestations. 

The geothermal potential of the Soda Lake area 
was first indicated in 1903, when water well dril
ling at an extinct hot spring hit boiling water at 
18 m (Garside and. Schilling, 1979). This well furn
ished steam for a bathhouse as late as 1964. 
Morrison (1964) mapped the area as part of a larger 
study of Lake Lahontan and the southern Carson Des
ert. Olmsted et al. (1975) studied the hydrology 
plus outlined and interpreted the large near-surface 
thermal anomaly. Industry began exploratory work 
in 1973. Hill et al. (1979) presented a brief 
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exploration history and geothermal interpretation. 
Detailed lithologic logs from several of the Inter
mediate-depth and deep wells in the area are pres
ented by Sibbett (1979). 

The Soda Lake geothermal area Is the only proven 
high-temperature Basin and Range geothermal prospect 
not adjacent to range-bounding, frontal-fault systems 
or located within an exposed small-relief horst block. 
It is located in the southern Carson Sink, about 18 km 
from pre-(^aternary bedrock exposures. The Carson 
Sink is the major drainage siimp of the northwestern 
Great Basin and is one of the largest and deepest 
basins in northern Nevada. The surficial geology 
is almost entirely late Pleistocene laoistrlne 
and aeolian sediments. The flat, monotonous sedi
mentary surficial cover is broken by two volcanic-
related deposits. Soda Lake and Little Soda Lake 
occupy phreatic explosion craters within cones of 
Quaternary sand and basaltic lapllli ejecta about 
30 ra high. These explosive craters are believed 
to have been active as recently, as 10,000 yrs ago 
and hot-spring activity apparently is present near 
the center of Soda Lake (Breese, 1968). Quaternary 
magmatic activity at Upsal Hogback, about 9 km north
east of Soda Lake, has produced from four to seven 
overlapping cones of subaerlally deposited basaltic 
tuff. The alignment of these volcanic and hydro-
thermal features provides evidence for a major 
northeast-striking structure controlling the geo
thermal system. Hill et al. (1979) have inter
preted this structure from seismic data as a narrow 
graben. 

There is gravity and magnetic evidence for other 
interesting, and as yet poorly understood, features 
beneath the surficial cover. A 6-mgal, arcuate 
Bouguer gravity high with a diameter of about 10 km 
is approximately ceritered ̂ on_ .Soda. Lake. ,̂ _A,magn_etic,••„..-. 

•'-low cbrrelafes'with' th¥ central gravity "low., • Directly 
beneath Soda Lake a small" positive gravity residual 
may Indicate an intrusive plug. 

The Soda Lake resource is largely defined by 
temperature-gradient holes. Three large-diameter 
wells and six intermediate-depth temperature-
gradient holes have helped define the thermal 
regime at depth. However, stratigraphic correla
tions between these holes, especially in the pre-
Quaternary rocks, have met with limited success to 
date. 

The first deep exploratory well, 1-29, (Appen
dix 1) was drilled In 1974 just west of the old 
steam well. Production was found at 238 m in un
consolidated alluvium with a maximum temperature 
of 172°C. The 44-5 well was unsuccessfully drilled 
in 1978 on a resistivity anomaly near the south margin 
of the shallow thermal anomaly (Hill et al;, 1979). 
Although 188°C has been measured as shallow as 610 m, 
the hottest measured temperature to date is 204°C in 
the 84-33 well. A short-term flow test of well 84-33 
has indicated potential for commercial production. 
It produced 115,000 kg/hr total-mass flow through 
75 m of perforated casing completed in the Tertiary 
volcanic section. The reservoir fluid is a low-

salinity, 5000 mg/1, sodium chloride water. 

Soda Lake Is not yet a commercial success and no 
power plants have been proposed, but the results 
to date are encouraging. Additional drilling, test-

, ing and evaluation are required before the potential 
of this reservoir can be determined. 

STEAMBOAT SPRINGS 

Steamboat Springs is located about 16 km south 
of downtown Reno, Nevada (Fig. 8). Systematic 
research on the Steamboat Springs geothermal system 
began In 1945, making it the first such system to 
be extensively studied in the Basin and Range pro
vince (Thompson and White, 1964; White et al., 
1964; White, 1968). This early work, along with 
the impressive thermal features, has made Steamboat 
Springs known to geothermal and economic geologists 
worldwide. The water geochemistry has been studied 
by Bateman and Scheibach (1975), and Nehrlng (1979, 
1980). White et al. (1974) have studied the geo
chemical processes which created the extensive areas 
of acid-leached and hydrothermally altered rock at 
Steamboat Springs. Geophysical data have been 
presented by Hoover et al. (1975a, 1975b), Long 
and Brlghara (1975), a.nd Peterson (1975). The most 
recent geological paper has been on the duration 
of hydrothermal activity (Silberman et al., 1979). 
The only published information on the recent geo
thermal exploration is by Desormier (1983). 

Steamboat Springs has a wide variety of geo
thermal features covering an area of about 10 km"̂ , 
making it one of the most obvious and interesting 
geothermal exploration targets in the province. 
The thermal springs are located at the northeast 
end of Steamboat Hills, a small northeast-striking 

j-_j5ange. transve_^rse_. ta.itbe'..dpmlnant.-ireglonal' trends-.'- ••''''• 

^ The.'Steamboat Hills .consist of granodiorite and ' '- • 
metamorphosed sedimentary and volcanic rocks part
ially burled by Tertiary volcanic rocks and Quater
nary volcanic and sedimentary rocks. A north-east-
striking line of four Quaternary rhyolite domes 
(Thompson and White, 1964) indicates a possible 
iaagmatlc heat source. The area Is highly faulted 
and these faults appear to control the location of 
the known reservoir (Desormier, 1983). Steamboat 
Springs has a long documented history of geothermal 
activlty.lt has been Intermittently active for at 
least 2.5 million years (Silberman et al., 1979). 

Geothermal exploration at Steamboat Springs 
began about 1920 when a local resort owner drilled 
shallow wells to supply a spa. In 1950 the Rodeo 
well (Appendix 1) was the first well to be drilled 
at Steamboat Springs, and probably the first in 
the Basin and Range province, specifically search
ing for steam for generating electricity (White, 
1983). The initial intermediate-depth exploratory 
well was drilled in 1959 by Nevada Thermal Power 
Company (Magma) to 558 ra (White, 1968), Five other 
wells soon followed with the maximum measured temp
erature of 186°C in Nevada Thermal Power well 4. 
No production or deep exploratory wells were drilled 
at Steamboat Springs between 1962 and 1979. 
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Figure 8. Map of the Steamboat Springs, Nevada Area (modified from Silberman et al., 1979) 

In the mid 1970's private industry resumed 
exploration at Steamboat Springs in anticipation 
of the September, 1975 KGRA sale. Phillips Petro
leum conducted an Integrated exploration program 
between 1975 and 1979 which resulted in drilling 
five intermediate-depth, temperature-gradient holes. 
Data from these holes were used to locate Steamboat 
#1, the discovery well (Desormier, 1983). 

Steamboat III was drilled to a depth of 930 m in 
the summer of 1979 and is capable of producing 
272,000 kg/hr of fluid from fractured granodiorite 
and metamorphic rocks. The maximum measured sub
surface temperature is 228°C. The chemical geo
thermometers Indicate subsurface temperatures near 
220°C (Nehrlng, 1979). The produced sodium chloride 
water is chemically similar to the hot springs water 
with a salinity of 2200 mg/1. 

Steamboat //I appears to have an unusual location, 
on top of the Steamboat Hills, almost three km south
west of the main thermal springs. However, Steamboat 
III has demonstrated that this area is a deeper source 
for the Steamboat Springs thermal water which flows 

laterally to the northeast from beneath Steamboat 
Hills. 

Nine intermediate-depth te 
holes and one other non-comme 
the Cox I-l, have been drille 
have confirmed the Steamboat 
reservoir underlies the hlghe 
boat Hills. Between 1981 and 
drilling activity because one 
holders was liquidating their 
accomplished early in 1983 so 
a confirmation well is now fe 

COSO 

mperature-gradient 
rcial production well, 
d since 1979. These 
Springs geothermal 
r parts of the Steam-
1983 there was no 
of the major lease 
position. This was 
a second attempt at 

asable. 

The Coso geothermal field is located in the Coso 
Mountains of southern California about 55 km north 
of the town of.Ridgecrest and.mostly within the bor
ders of the China Lake Naval Weapons Center (Fig. 9). 

Coso lies a short distance east of the scenic 
eastern scarp of the Sierra Nevada Range amid a 
spectacular cluster of Quaternary rhyolite domes. 
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These domes, together with the Coso thermal springs 
and the Devil's Kitchen.fumaroles, clearly Indicate 
high geothermal potential. Coso has been inten
sively studied by the U. S. Geological Survey, 
University of Utah Research Insitute, U. S. Navy, 
the U. S. Department of Energy, and private 
industry. 

The literature on Coso Is extensive. The col
lection of papers in the Journal of Geophysical 
Research (1980) examine many facets of Coso. More 
recent contributions are a geologic map (Duffleld 
and Bacon, 1981) and recent production-drilling 
results near the Devil's Kitchen (Moore et al., 
1982), 

Numerous geophysical studies were conducted at 
Coso prior to drilling the first large-diameter 
exploratory well, CGEH-1 late in 1977 (Galbraith, 
1978). CGEH-1 was drilled by the U. S. Department 
of Energy in search of hot dry rock. CGEH-1 has a 
maximum temperature of 195°C (Appendix 1) and dur
ing drilling produced 27,000 kg/hr of sodium chlor
ide water with a total dissolved solids content 
near 4,500 mg/1. The chloride water has been Inter
preted to Indicate a hot-water reservoir (Fournier 
et al., 1980). 

After the drilling and testing of CGEH-1 there 
was no additional drilling until late 1981. During 
this time, legal and political problems requiring 
congressional and U. S. Navy action to permit private 
development within the Naval Weapons Center were res
olved. In December, 1979, almost six years after the 
Geothermal Steam Act was enacted, California Energy 
Company contracted with the U, S. Navy to explore 
for and develop geothermal resources on an initial 
3000-ac tract. This arrangement is unique because 
the U. S. Navy has retained title to the geothermal 
resource. In September, 1981 the remaining Federal 
KGRA lands outside the Naval Weapons Center were 
offered for lease. The Los Angeles Dept. of Water 
and Power bid $1262 and $1012 per acre for two 
parcels which are by far the highest KGRA bonus bids 
in the province. 

In December, 1981, California Energy drilled 
well 75-7 (Appendix 1) near the Devil's Kitchen to 
a depth of 405 m and encountered dry steam with a 
temperature of 213°C and a pressure of 17.9 kg/cm^. 
The 75-7 well Is capable of a sustained steam-flow 
rate well in excess of 45,000 kg/hr (Moore et al., 
1982; The Oil and Gas Journal, 1982). The dry steam 
was largely a surprise because of the chloride water 
present in CGEH-1. Moore et al. (1982) beiieve the 
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steam results from a local zone of vigorous flashing 
rather than from an extensive steam cap. Fournier 
(pers comm.) Interprets the dry steam to result from 
the partial obstruction of hot water flow along a 
fault which was Intersected.by the 75-7 wellbore. 
He believes that there also Is no steam cap, but 
that the steam only forms as the pressure is de
creased above the obstruction. The reservoir at 
Coso apparently consists of north-south striking 
fractures in Mesozoic granitic rocks and variable 
high-grade metamorphic rocks of uncertain age. 

1980). As all of the wells to date at Coso have been 
relatively shallow, deeper drilling may encounter 
these higher Indicated temperatures. 

California Energy Company has announced that they 
Intend to be generating a substantial amount of 
electrical power by the end of 1984. If this 
schedule Is met, the elapsed time between the first 
commercial well and power production will be only 
3 years. This would be the most rapid commercial 
geothermal-power development In the United States. 

California Energy has drilled five additional 
wells, all of which are reported to be capable of 
commercial flow rates and produce two-phase fluids 
(National Geothermal Service, 1982). The drilling' 
strategy to date at Coso has varied from most other 
Basin and Range prospects. Temperature-gradient 
holes deeper than 150 m are conspicuously absent. 

The maximum reported temperature at Coso is 213°C 
in well 75-7. Temperatures as high as 245''C in the 
deeper chloride-water part of the reservoir are pos
sible based on geochemical evidence (Fournier et al.. 

LONG VALLEY 

The Long Valley caldera Is located at the base 
of the eastern scarp of the Sierra Nevada, 50 km 
north of the town of Bishop. The scenic resort 
town of Mammoth Lakes Is nestled within Its south
west quadrant (Fig. 10). The caldera Is located 
directly along the western margin of the Basin and 
Range province and may be more closely related to 
the province boundary than the province proper. 
However, the 450 krâ  Quaternary caldera has all the 
geological pre-requisites to contain the largest 
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Figure 10. Nap of the Long Valley,• California Area (modified fro:̂ . Sorey et al., 1978). 
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geothermal reservoir in the Basin and Range pro
vince. Recent obsidian flows, along with gravity, 
seismic refraction, and P-wave delay data indicate 
a magmatic heat source underlies the western portion 
of the caldera. The hot springs In Hot Creek Gorge 
are the largest volume boiling springs in the pro
vince and the chemical geothermometers when applied 
to these waters Indicate a reservoir temperature 
between 200 and 282°C. Large areas of Intense 
hydrothermal alteration are present at Casa Diablo, 
Hot Creek, and the Clay Pit. Fairly intense seismic 
activity, probably related to magma movement, is 
presumably maintaining or enhancing reservoir 
permeability. On the other hand, this activity 
has Initiated a volcano-watch designation by the 
U. S. Geological Survey. In spite of these favor
able geological characteristics, no large reservoir 
has yet been discovered. The main reason for this 
is U. S. Forest Service delays in leasing Federal 
land within this most scenic of the high-temperature 
geothermal prospects. 

The literature on Long Valley-is very extensive. 

The U. S. Geological Survey's•Long Valley Symposium 

(Journal of Geophysical Research, 1976) is a very 

comprehensive collection of papers on geology, geo

chemistry, geophysics and hydrology. A complete in-, 

tegration of the hydrothermal system of Long Valley 

has been presented by Sorey et al (1978). Dlment et 

al (1980) have studied the shallow thermal regime. 

the leases Included such Items as forced unitiza
tion, a commitment to drill three wells at least 
four km apart within two years of unitization, 
and phased leasing. Industry felt it could not 
effectively operate under these requirements and 
filed an appeal. The Chief of the U. S. Forest 
Service mitigated these problems In March 1981. 

In preparation for this sale Union Oil Company 
drilled two unsuccessful deep production wells in 
the summer of 1979. Union verbally presented data 
from these wells to the geothermal Industry prior 
to the rescheduled KGRA sale at a-Bay Area section 
meeting of the Geothermal Resources Council. Some 
of this material has later appeared in print 
(Garabill, 1981). 

The Union Mammoth No. 1 well has a double temp

erature reversal with a 60°C temperature decrease 

below the reversal. The Clay Pit well was also 

quite discouraging with a bottomhole temperature 

of i47°C at 1846 m. More importantly, these two 

wells demonstrated that a high-temperature geo

thermal reservoir is not present beneath two of 

the most impressive surficial manifestations in 

the caldera. The three deep wells within the cald

era have demonstrated that much of the caldera is 

not underlain by a geothermal reservoir. Conse

quently the exploration focus has shifted to the 

unexplored western third of the caldera. 

"•fi 

m 

Geothermal exploration at Long Valley began in 
1959 at Casa Diablo Hot Springs on private lands. 
Nine shallow production holes were drilled by Magma 
Power Company and Endogeneous Power Company to a 
maximum depth of 324 m (Appendix 1). A maximum 
temperature of 178°C was measured and the maximum-
reported flow rate was 246,000 kg/hr (McNitt, 1963). 
After this initial burst of activity which lasted 
through 1962, little happened until.the U, S. . 
Geoioglcal" 'Sur̂ii'iBy fcegan'a^comprehensive program in 
1971 to study L6ng"Valley as its type hot-water geo
thermal system. Some of the interpretations from 
this study, made without any deep drill holes, have 
since proven to be almost prophetic. 

The lease sale for the central part of the cald

era was held in October, 1981, after the appeal had 

run its course. A final lease sale was later sched

uled for September 1982, to Include most of the 

western third of the caldera. This lease sale was 

delayed due to appeals by environmental factions to 

July, 1983. 

,v,i,, V^fg V.â ?.y-.has,.been,,t)jej,;Sii;e;,gf.4the,,mo6t.fricn̂ ^̂  
, tlon. between .the, geothermal.industry, government,' 
and environmental factions In the province. How
ever, additional deep exploratory wells will be 
drilled in the caldera and hopefully this elusive 
reservoir will be discovered in the near future. 

The first deep well in the Long Valley caldera' 

was drilled in 1976 by Republic Geothermal to a 

depth of 2109 m in the southeastern quadrant 

(Smith and Rex, 1977). Well 66-29 is located on 

land leased at the first KGRA sale in January 1974. 

This apparently had much to do with the location. 

Well 66-29 turned out to be surprisingly cold with 

a maximum unstablllzed temperature of 72°C, obtained 

90 hrs after last circulation. 

Between 1976 and 1979 no deep wells were drilled 

in the caldera. This was not because of the dis

couraging results of the Republic well, but because 

the U. S. Forest•Service was not making Federal 

lands in the central and western parts of the 

caldera available for lease. In 1979, the U. S. 

Forest Service, together with the Bureau of Land 

Management and U. S. Geological Survey, proposed 

a Tease sale in the central part of the caldera. 

However, the special stipulations attached to 

THE FUTURE 

Currently geothermal exploration for high-temp
erature reservoirs is stagnant (Edmiston, 1982), a 
result of the modest decline In the price of the 
principal forms of energy. Most knovm reservoirs 
In the Basin and Range province have marginal temp
eratures under present economic conditions. Any 
significant additional decline in energy prices 
could render most and possibly all of these reser-. 
volrs noncompetitive. A collapse of OPEC could 
create such a decline. Until energy prices stab
ilize or increase, geothermal exploration for 
undiscovered reservoirs will continue a t a low 
level with fewer than four wildcat wells being 
drilled in the province each year. 

There could still be significant development 

drilling activity on the discovered reservoirs. It 

Is crucial that the geothermal industry, prove as 
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soon as possible, that at least one of the discovered 

reservoirs In the temperature range of 200-220°C is 

capable of power generation. In all likelihood the 

first power plants on each reservoir will be demon

stration facilities of 10 or 20 mw. At this time 

it is not possible to predict when or how many of the 

reservoirs will be developed. 

Long-term exploration for new reservoirs will 
continue, although at a much slower pace than in 
the past decade. Most future discoveries will 
either have to be blind, like Desert Peak; deep, 
like Dixie Valley; or relnterpretatlons of some 
already drilled areas. Thermal systems with boil
ing springs and large exposed^ siliceous-sinter 
deposits such as Beowawe, Roosevelt Hot Springs, 
Steamboat Springs, and Brady's Hot Springs have 
been drilled. Temperatures of new discoveries 
generally will not exceed 220°C as there Is no 
evidence to-expect any new discoveries, other than 
Long Valley and possibly the Mono Craters, to be 
closely associated with shallow slllclc-magma 
chambers. 

In spite of all the exploration to date In the 

northern Basin and Range province, many areas in 

excess of 200 km'^ do not contain even a single 

shallow temperature-gradient hole. There has 

not been a deep well drilled in any of the major, 

high-relief mountain ranges. The same may generally 

be said for deep temperature-gradient holes. 

Similarly, the areas of Recent mafic volcanism 

such as Lunar Crater or the Owens Valley have also 

been virtually ignored. It is not likely that all 

the high-temperature reservoirs have been discovered. 

Future discoveries will probably be concentrated , 

along the east or west margins of the province,, or 

in the vicinity of the Carson Sink.' 
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DESERT PEAK KGRA, NEVADA 

Geophysical Data Base 

The geophysical data base transmitted with the Ph i l l i ps Petroleum Company 

data package included summary apparent r e s i s t i v i t y and apparent conductance 

maps resu l t ing from a roving dipole survey, interpreted r e s i s t i v i t y s l i ce maps 

from a magnetotel luric survey and a local gravi ty survey with some interpreted 

gravi ty l inears and s t ruc tures. Benoit et a l . (1982) note that these data did 

not play a major ro le in understanding the subsurface geology of the area and 

are not, in general, consistent wi th d r i l l i n g resu l t s . We tend to concur with 

the observations of Benoit et a l . (1982) and of fer the fol lowing addit ional 

comments. 

The roving dipole r e s i s t i v i t y data are d i f f i c u l t to in terpre t in d e t a i l , 

and the large t ransmit ter length and t ransmi t ter - rece iver separations do tend 

to give large area bulk r e s i s t i v i t i e s , perhaps explaining the small range of 

r e s i s t i v i t y values. The data are not s u f f i c i e n t l y detai led for comparison 

wi th the d r i l l resu l t s . The magnetotel luric (MT) data should also be 

considered a reconnaissance scale data base. The MT s l ice maps are probably 

the contoured representation of one-dimensional data inversions in a three-

dimensional geologic area dominated by low r e s i s t i v i t y basin f i l l and 

volcanics. The gravi ty data appear to have an adequate data density but 

suf fer from re l a t i ve l y inaccurate elevat ion control (± 1.0 feet ) and are 

l im i ted to the immediate Desert Peak area. These grav i ty data provide 

important ve r i f i ca t i on of the northwest-trending st ructure also indicated by 

temperature data and topography, which is interpreted as a southwestern l i m i t 

to the reservoir area. 

Benoit et a l . (1982) also indicate l inear features (possible structures) 



interpreted from se l f -po ten t ia l and ground magnetic t raverses. We cannot 

evaluate these in terpre ta t ions without a detai led review of the data, but 

would tend to believe that near surface, possibly l o c a l , structures are 

responsible for these observations. 

The most s ign i f i can t data base is the temperature data which is described 

and interpreted in deta i l by Benoit et a l . (1982). Our b r i e f reading of t he i r 

paper and review of the maps and sections indicates the i r evaluations and 

in terpretat ions are consistent with the data and geology. We therefore agree 

with the near, surface hydrologic and st ructura l in terpretat ions they present. 

We have inspected regional aeromagnetic (Nevada Bureau of Mines, 1977) 

and gravi ty data (Erwin and Berg, 1977) for the Reno 1:250,000 quadrangle from 

ESL f i l e s , and found that these data are too coarse in the area of in teres t to 

substant ia l ly modify any s t ructura l or hydrologic i n te rp re ta t i ons . 

Induced Seismicity 

An important element that must be addressed in an Environmental Impact 

Assessment for Desert Peak geothermal production is the topic of induced 

se ismic i ty . The pr inc ipal considerations include h i s to r i c seismici ty for the 

region, geologic structures which may be affected by production and i n jec t i on 

a c t i v i t i e s , the baseline seismici ty record at the production s i t e , and 

potent ial impacts on natural features and constructed objects. ' Induced 

seismici ty was not addressed in any of the Ph i l l i ps Petroleum Company's 

technical papers or documents which we reviewed. 

Slemmons et a l . (1964) have published a review of the major earthquakes 

with Nevada epicenters for the h i s t o r i c period up to 1961. Churchi l l County 

has been the locus of several major (Richter magnitude _> 5.0) earthquakes 

since 1940 and the 118° Meridian Seismic Zone is ranked as one of the 



/̂ 

country's most active seismic zones (Slemmons et al., 1964). The Desert Peak 

area is relatively remote from population centers and low magnitude (m £ 4.0) 

induced seismicity should present no problems to the nearest population 

centers at Lovelock, Fernley and Fallon. More likely to be affected are the 

nearby Southern Pacific railroad. Interstate 80 highways, and perhaps the 

production of geothermal fluids from nearby Brady's Hot Springs. A detailed 

evaluation of these potential impacts should be developed. 
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