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ABSTRACT -~ 

I n t e n s i v e  geothermal  e x p l o r a t i o n  i n  t h e  no r th -  
e r n  Bas in . and  Range p rov ince  has  r e s u l t e d  i n  t h e  
t h e  d i scove ry  of n i n e  high-temperature  (>ZOO"C) 
geothermal r e s e r v o i r s :  

Roosevel t  Hot Spr ings ,  Utah 
Beowawe, Nevada 
Humboldt House Nevada 
Brady 's Hot Spr ings  , Nevada 
Desert Peak, Nevada 
Northern Dixie Va l l ey ,  Nevada 
Soda Lake, Nevada 
Steamboat Spr ings ,  Nevada 
COSO, C a l i f o r n i a  

In a d d i t i o n ,  t h e r e  i s  g e o l o g i c a l ,  geophys ica l ,  
and geochemical ev idence  t o  i n d i c a t e  a n  und i s -  
covered r e s e r v o i r  i n  t h e  Long Val ley c a l d e r a ,  Cal- 
i f o r n i a .  Delays i n  F e d e r a l  l e a s i n g  are t h e  main 
r eason  t h i s  r e s e r v o i r  h a s  no t  y e t  been l o c a t e d .  

Four of t h e s e  areas occur  a l o n g  t h e  east o r  west 
margins of t h e  p rov ince  and a r e  s p a t i a l l y  a s s o c i a t e d  
with Quaternary or Recent s i l i c e o u s  v o l c a n i c  c e n t e r s .  
Five are i n  o r  n e a r  t h e  Carson Basin i n  no r thwes te rn  
Nevada and l a c k  ev idence  f o r  magmatic h e a t i n g .  The 
Beowawe r e s e r v o i r  h a s  a unique occur rence  nea r  t h e  
east-west c e n t e r  of t h e  province.  Most r e s e r v o i r s  
a r e  c l o s e l y  a s s o c i a t e d  w i t h  known o r  suspec ted  Basin 
and Range normal f a u l t s .  

With t h e  e x c e p t i o n s  of t h e  l o c a l i z e d  sha l low 
steam p roduc t ion  a t  Cos0 and b ica rbona te - r i ch  water 
a t  Reowawe, t h e  known r e s e r v o i r  wa te r s  have a d i l u t e  
sodium c h l o r i d e  composi t ion.  Rese rvo i r  t empera tu res  
t y p i c a l l y  range from 200 t o  220°C. The maximum rep-  
o r t e d  temperature  i n  t h e  n o r t h e r n  Basin and Range 
province i s  271OC a t  Roosevel t  Hot Springs.  

The most t ho rough ly  e v a l u a t e d  r e s e r v o i r s  a r e  
Roosevelt  Hot Spr ings  and n o r t h e r n  Dixie  Val ley w i t h  
13 and 10 deep wells r e s p e c t i v e l y .  The most l i m i t e d  
d a t a  a r e  from t h e  Soda Lake, Steamboat S p r i n g s ,  Hum- 
b o l d t  House, and Long Va l l ey  p r o s p e c t s  where on ly  
two or  t h r e e  deep w e l l s  .per  p rospec t  have been d r i l l -  
ed.  Depths of t h e  producing i n t e r v a l s  va ry  from about  
300 t o  3000 m ,  b u t  p roduc t ion  is  o f t e n  from less than  
1200 m. 

Only one high-temperature7 geothermal  power p l a n t  
a t  Roosevelt  Hot Spr ings  i s  under c o n s t r u c t i o n  i n  t h e  
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province.  Ex tens ive  n e g o t i a t i o n s  between deve lope r s  
and u t i l i t i e s  have t aken  p l a c e  r ega rd ing  t h e  Beowawe, 
Dixie Va l l ey ,  and Desert Peak r e s e r v o i r s ,  

INTRODUCTION 

During t h e  p a s t  t e n  y e a r s  t h e r e  has been a major 
e f f o r t  by p r i v a t e  i n d u s t r y ,  government agenc ie s ,  re- 
s e a r c h  o r g a n i z a t i o n s ,  and u n i v e r s i t i e s  t o  l o c a t e  and 
s t u d y  geothermal  r e s o u r c e s  capable  of g e n e r a t i n g  
e l e c t r i c a l  power. This  has  r e s u l t e d  i n  hundreds of 
pub l i shed  pape r s  cove r ing  many geothermal a r e a s  i n  
t h e  n o r t h e r n  Basin and Range province i n  a wide 
v a r i e t y  of s c i e n t i f i c  j o u r n a l s ,  p l u s  a g r e a t  amount 
of unpubl ished d a t a  gene ra t ed  by p r i v a t e  i n d u s t r y .  
It is  imposs ib l e  t o  know how many p o t e n t i a l  high- 
t empera tu re  areas have been considered as p rospec t s  
bu t  t h e  number must exceed 100. A complete ex- 
p l o r a t i o n  h i s t o r y  of t h e  n o r t h e r n  Basin and Range 
province would be incomplete  and sporad ic  a t  bes t .  
The re fo re ,  t h i s  paper  w i l l  b r i e f l y  review t h e  h i s -  
t o r y  and geology of t e n  a r e a s  where e x p l o r a t i o n  f o r  
high-temperature  (>2OO0C) geothermal r e s e r v o i r s  h a s  
been s u c c e s s f u l ,  

Exp lo ra t ion  f o r  high-temperature geothermal res- 
e r v o i r s  i n  t h e  n o r t h e r n  Basin and Range province 
s t a r t e d  i n  1950 wi th  t h e  d r i l l i n g  of t h e  Rodeo w e l l  
a t  Steamboat S p r i n g s ,  Nevada s p e c i f i c a l l y  s e a r c h i n g  
f o r  s team t o  g e n e r a t e  e l e c t r i c i t y  (White, 1983). 
I n  t h e  33 y e a r s  s i n c e  t h i s  l i t t l e - n o t i c e d  beg inn ing ,  
s e v e r a l  hundred m i l l i o n  d o l l a r s  and u n t o l d  man y e a r s  
have been spen t  i n  e x p l o r a t i o n .  A t  least  171 wells 
in t ended  t o  produce high-temperature geothermal 
f l u i d s  have been d r i l l e d  by many d i f f e r e n t  e n t i t i e s  
t o  dep ths  from 28 t o  3854 m. The n e t  r e s u l t  has been 
t h e  d i scove ry  of n i n e  high-temperature r e s e r v o i r s  i n  
e i g h t  widely s e p a r a t e d  areas (Fig.  1). The t o t a l  
i n d u s t r y  c o s t  p e r  d i scove ry  i n  t h e  n o r t h e r n  Basin 
and Range p rov ince  i s  e s t i m a t e d  a t  $20 m i l l i o n  
(Edmiston, 1982). Of  t h e s e  n i n e  d i s c o v e r i e s ,  
one power p l a n t  is  p r e s e n t l y  under cons t ruc t ion .  
Four a d d i t i o n a l  power p l a n t s  have been s e r i o u s l y  
d i scussed .  

There was l i t t l e  e x p l o r a t i o n  a c t i v i t y  a f t e r  t h e  
unsuccess fu l  Rodeo w e l l  u n t i l  1959, when Magma Power 
Company began a major d r i l l i n g  program i n  sea rch  of 
dry-steam r e s e r v o i r s .  By la te  1962, Magma ceased 
t h i s  i n i t i a l  e x p l o r a t i o n  program a f t e r  d r i l l i n g  48 
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F igure  1. Locat ions of High-Temperature Geothermal Reservoi rs  i n  t h e  Northern Basin and Range Province 
(modif ied from Edmiston, 1982). 

wells i n  t h e  immediate v i c i n i t y  of 15 thermal  
s p r i n g s .  This  a c t i v i t y  proved t o  Magma t h a t  t h e  
high-temperature  r e s e r v o i r s ,  i f  p r e s e n t  i n  t h e  
Bas in  and Range province ,  would not  be dry-steam 
systems l i k e  t h e  Geysers i n  C a l i f o r n i a .  I n  r e t r o -  
s p e c t ,  Magma was a t  a f u r t h e r  d i sadvantage  i n  
t h e i r  e x p l o r a t i o n  because they  were l i m i t e d  t o  
p r i v a t e l y  owned, h o t  s p r i n g  p r o p e r t i e s .  U n t i l  1974, 
F e d e r a l  l a n d s  were u n a v a i l a b l e  f o r  geothermal  
l e a s i n g .  

Between 1962 and 1973 geothermal  e x p l o r a t i o n  pro-  
ceeded s lowly .  The main e x p l o r a t i o n  t h r u s t  was 
deeper  d r i l l i n g ,  g e n e r a l l y  i n  t h e  more promising 
areas d r i l l e d  by Magma. Addi t iona l  companies 
j o i n e d  i n  t h e  s e a r c h  d u r i n g  t h i s  t i m e ,  i n c l u d i n g  
some not  c i t e d  i n  t h i s  r e p o r t ,  but  no major new 
s u c c e s s e s  r e s u l t e d .  A t  least  76 wel ls  were d r i l l e d  
p r i o r  t o  1974 r e s u l t i n g  i n  measured tempera tures  
g r e a t e r  t h a n  200°C a t  Reowawe and Brady 's  Hot Spr ings .  
I n  t h e  e a r l y  1970's  geothermal  e x p l o r a t i o n  i n  t h e  
Bas in  and Range province began t o  r e v i v e  f o r  sev-  
e r a l  reasons .  The Geothermal' Steam A c t  of 1970 
p e r m i t t e d  f u t u r e  l e a s i n g  and development on F e d e r a l  
l a n d s .  The t r u e  p o t e n t i a l  of t h e  Geysers i n  
C a l i f o r n i a  was becoming e v i d e n t ,  p roving  t h a t  
geothermal  power could be genera ted  a t  c o m p e t i t i v e  
p r i c e s  and i n  s u f f i c i e n t  q u a n t i t y  t o  i n t e r e s t  
l a r g e  c o r p o r a t i o n s .  The e a r l y  1970's were dominated 

by OPEC pol ic ies - -dramat ic  o i l - p r i c e  i n c r e a s e s ,  
embargoes,and energy shor tages- - tha t  shook America's 
complacency r e g a r d i n g  energy s u p p l i e s .  F i n a l l y ,  
geothermal  had enhanced environmental  b e n e f i t s  
when compared t o  c o a l ,  n u c l e a r ,  o i l ,  and new l a r g e  
scale h y d r o e l e c t r i c  power. These f a c t o r s  encourag-  
ed l a r g e  energy companies t o  commit s u b s t a n t i a l  
sums of money, d e r i v e d  p r i m a r i l y  from o i l  produc- 
t i o n ,  t o  geothermal  e x p l o r a t i o n .  I n  a d d i t i o n ,  
t h e  F e d e r a l  government committed t e n s  of m i l l i o n s  
of d o l l a r s  t o  geothermal  e x p l o r a t i o n ,  r e s e a r c h  and 
development, and managing l e a s i n g  a c t i v i t i e s  i n  
t h e  province .  The commitment of funds  reached a n  
i n l t i a l  h i g h  p o i n t  i n  1975 (Edmiston, 1982) when 
p r i v a t e  i n d u s t r y  f i r s t  o b t a i n e d  enough Federa l  
l e a s e s  and completed enough p r e l i m i n a r y  e x p l o r a t i o n  
t o  warran t  d r i l l i n g  12 la rge-d iameter  product ion  
wel l s .  D r i l l i n g  peaked i n  1979 a t  19 wells, many 
p a r t i a l l y  funded by t h e  U. S. Department of Energy 's  
Industry-Coupled Geothermal Reservoi r  Assessment 
Program ( F i o r e ,  1980). A l a r g e  s h a r e  of t h e  Basin 
and Range geothermal  l i t e r a t u r e  r e s u l t e d  from 
t h r s  program. 
thermal  Steam A c t  i n  1974 and May, 1983, 95 l a r g e -  
d iameter  e x p l o r a t o r y  o r  product ion  wells were 
d r i l l e d .  

Between the enactment of the Geo- 
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ROOSEVELT HOT SPRINGS 

The Roosevelt  Hot S p r i n g s  geothermal r e s e r v o i r  
i s  l o c a t e d  i n  southwes tern  Utah near  t h e  e a s t  
margin of t h e  province  (Fig.  1) a long  t h e  wes tern  
s i d e  of t h e  Mineral  Mountains about 19 km n o r t h e a s t  
of Mi l fo rd ,  Utah (F ig .  2). 

Roosevelt  Hot Spr ings  i s  t h e  only  known h igh-  
tempera ture  geothermal  r e s e r v o i r  i n  t h e  e a s t e r n  
ha l f  of t h e  province.  It is  a l s o  t h e  h o t t e s t  known 
r e s e r v o i r  i n  t h e  p rov ince  w i t h  a maximum p u b l i c l y  
r epor t ed  tempera ture  of 271OC ( R u d i s i l l ,  1976). 
The d i scove ry  w e l l ,  3-1, was t h e  second d r i l l e d  by 
P h i l l i p s  Petroleum Company i n  1975, fo l lowing  a 
comprehensive th ree -yea r  e x p l o r a t i o n  program 
(Lenzer e t  a l . ,  1977). The h igh  r e s e r v o i r  temper- 
a t u r e  and r e l a t i v e l y  e a r l y  d i scove ry  d a t e ,  which 
co inc ided  wi th  abundant g r a n t  money made a v a i l a b l e  
by t h e  U. S. Department of Energy, has  made Roosevelt  
Hot Spr ings  t h e  s i t e  of  e x t e n s i v e  g e o l o g i c a l ,  
geophys ica l ,  and geochemical r e s e a r c h  performed 
p r i m a r i l y  by t h e  U n i v e r s i t y  of Utah Research I n s t i -  
t u t e ,  This e x t e n s i v e  d a t a  base  has  been i n t e g r a t e d  
i n t o  a comprehensive case s t u d y  by Ross e t  a l .  
(1982). An o l d e r ,  more e x t e n s i v e  b ib l iog raphy  was 
prepared by McKinney ( 1978). 

The Roosevelt  Hot Spr ings  geothermal system was 
c l a s s i f i e d  as a Known Geothermal Resource Area (KGRA) 
by t h e  U. S. Geologica l  Survey i n  1972, mainly be- 

cause of i t s  encouraging s u r f i c i a l  f e a t u r e s  which i n -  
c l u d e  190°F the rma l  s p r i n g s ,  s i l i c e o u s  s i n t e r ,  mer- 
cury d e p o s i t s ,  nearby young o b s i d i a n  f l o w s ,  and an  
82-m deep "steam" we l l  which was d r i l l e d  i n  1967 and 
1968. The w e l l  flowed f o r  s i x  weeks be fo re  being 
plugged. The Fede ra l  l ands  were l eased  i n  Ju ly ,  
1974 a t  one of t h e  e a r l i e s t  KGRA s a l e s .  S ince  
t h a t  sale, 13 e x p l o r a t i o n  and product ion  w e l l s  
(Appendix 1) and e i g h t  deep tempera ture-gradien t  
h o l e s  have been d r i l l e d  (F ig .  2.) ,  making i t  the  
most thoroughly  d r i l l e d  r e s e r v o i r  i n  t h e  province 
and o u t l i n i n g  a product ive  a r e a  of almost 14 km2, 

The Roosevelt  Hot Spr ings  geothermal r e s e r v o i r  
i s  a f r a c t u r e d  complex of competent T e r t i a r y  gran- 
i t i c  and Precambrian metamorphic rocks .  It under- 
l i e s  an  a r e a  2.4 km wide by 3.7 km long between 
t h e  Dome F a u l t  on t h e  w e s t  and t h e  i r r e g u l a r  f r o n t  
of t h e  Mineral  Range on t h e  east (Pe te r son ,  1975; 
Ross e t  a l . ,  1982). The r e s e r v o i r  i s  e longa te  i n  
a n o r t h - n o r t h e a s t  d i r e c t i o n  and c o i n c i d e s  c l o s e l y  
wi th  a series of range-bounding normal f a u l t s  a s  
sugges ted  by s e i s m i c - r e f r a c t i o n  d a t a  (Ross e t  
a l . ,  1982). 

A l i n e  of r h y o l i t e  domes da ted  a t  . 5  t o  .8  my 
occur  a long  t h e  crest of t h e  Minera l  Range both 
no r th  and s o u t h  of t h e  r e s e r v o i r .  These domes i n -  
d i c a t e  t h e  p o s s i b i l i t y  of magma i n  t h e  v i c i n i t y  of 
t h e  r e s e r v o i r  and may e x p l a i n  t h e  s u b s t a n t i a l l y  
h i g h e r  than normal tempera ture  of t h i s  Basin and 

Fl -Quaternary alluvium 

- Siliceous sinter m{ - Quaternary rhyolite 

I :;Tg" I 
- Tertiary granite,quartz 

monzonite,syenite 8 diorite 

- Metamorphic rocks 

LMiiford BEAVER CO. BAvar 2 J 
----- 

-Producing well 

0 -Nonproducing well 

a -Deep temperature- 
gradient hole 

&S:+f.wJ* -Outline of  shallow 
thermal anomaly 
heat flow ,400 mW/m2 

Figure  2.  Map of the Roosevel t  Hot S p r i n g s ,  Utah Area (modified from Ross e t  a l . ,  1982).  
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Range r e s e r v o i r .  

Product ion wells a t  Roosevel t  Hot Spr ings  pro- 
duce a sodium c h l o r i d e  water w i t h  a t o t a l  d i s s o l v e d  
s o l i d s  con ten t  of about  7000 mg/l. These wells are 
somewhat unique i n  t h e  Basin and Range p rov ince  be- 
cause  t h e  abnormally h igh  temperature  has  c r e a t e d  a 
r e s e r v o i r  p r e s s u r e  g r e a t e r  t h a n  t h e  h y d r o s t a t i c  p re s -  
s u r e ,  r e q u i r i n g  no s t i m u l a t i o n  t o  begin flow. Mass- 
f low r a t e s  f o r  t h e  Roosevelt  wells a r e  v a r i a b l e  but  
can be very high.  Wells 27-3 and 35-3 have r e -  
s p e c t i v e  f low rates of 454,000 and 635,000 k g / h r ,  
making them among t h e  most p r o l i f i c  ho t - a t e r  geo- 
the rma l  producers  i n  North America (Na t iona l  Geo- 
the rma l  S e r v i c e ,  1983). 

Nego t i a t ions  f o r  a h e a t - s a l e s  agreement w i t h  
Utah Power and L igh t  began i n  1977. In September,  
1980, a c o n t r a c t  was s igned  f o r  t h e  c o n s t r u c t i o n  
of a 20-mw, s i n g l e - f l a s h  demonstrat ion p l a n t  t o  be 
fol lowed by two a d d i t i o n a l  50-mw u n i t s  con t ingen t  
upon t h e  success  of t h e  f i r s t  p l a n t .  The 201nw 
power p l a n t  is  c u r r e n t l y  under c o n s t r u c t i o n  and 
i s  expected t o  be o p e r a t i o n a l  e a r l y  i n  1984. 

The Roosevelt  Hot Springs a r e a  was t h e  s i t e  of 
a one-mw he l i ca l - sc rew expander t h a t  gene ra t ed  t h e  
f i r s t  e l e c t r i c i t y  produced from a geothermal 
r e s o u r c e  i n  t h e  province d u r i n g  a long-term f low 
test of w e l l  54-3 i n  March, 1978. I n  A p r i l ,  1983 
a 1.6-mw Biphase r o t a r y - s e p a r a t o r  t u r b i n e  completed 
a s ix-month endurance t es t ,  a g a i n  powered by f l u i d  
from w e l l  54-3. 

BE OW AWE 

The Beowawe geothermal a r e a  i s  l o c a t e d  i n  n o r t h -  
c e n t r a l  Nevada, 32 km s o u t h e a s t  of t h e  town of 
Battle Mountain nea r  t h e  c e n t e r  of t h e  province 
(F ig .  3 ) .  It has  some of t h e  most s p e c t a c u l a r  
s u r f a c e  m a n i f e s t a t i o n s  of any a r e a  w i t h i n  t h e  

p rov ince ,  i n c l u d i n g  a 75- h igh  s i n t e r  t e r r a c e  made 
up almost  e x c l u s i v e l y  of opa l .  In a d d i t i o n ,  t h e r e  
are b o i l i n g  s p r i n g s ,  fumaro le s ,  s teaming ground, 
g e y s e r s ,  mud p o t s ,  and abundant hydrothermally 
a l t e r e d  rock and ground. Thus i t  i s  no s u r p r i s e  
t h a t  i n  1960, Beowawe was t h e  f i r s t  high-temperature 
geothermal  r e s e r v o i r  t o  be d i scove red  i n  t h e  B a s i n  
and Range province.  

The geothermal l i t e r a t u r e  on Beowawe is  ex tens ive .  
The l o c a l  geology i s  d i scussed  by S t ruhsacke r  (1980) 
who a l s o  inc luded  a very thorough b ib l iog raphy .  The 
r e g i o n a l  s e t t i n g  of Beowawe i s  emphasized i n  papers  
by Stewart  e t  a l .  (1975) ,  and Zoback and Thompson 
(1978).  Geophysical s t u d i e s  have been publ ished by 
Smith (1979) ,  Smith e t  a l .  (1979) ,  Swi f t  (1979),  and 
Zoback (1979).  Rese rvo i r - eng inee r ing  s t u d i e s  have 
been prepared by Middleton (1961) and Epperson 
(1982).  

The basement geology a t  Beowawe i s  i n t e n s e l y  de- 
formed, t h r u s t - f a u l t e d  Pa leozo ic  ca rbona te  and c l a s -  
t i c  sedimentary rocks.  Overlying t h e  Pa leozo ic  sec-  
t i o n  i s  a g e n t l y  d ipp ing  cap of b a s a l t i c - a n d e s i t e  and 
d a c i t e  f lows w i t h  minor t u f f s ,  r e l a t e d  t o  a no r th -  
n o r t h w e s t - s t r i k i n g ,  mid-Miocene r i f t  j u s t  a few km 
west of t h e  s i n t e r  t e r r a c e .  The r i f t  a t  Beowawe 
i s  p a r t  of a 700-km long  b e l t  of e x t e n s i o n a l  f a u l t -  
i n g  and vo lcan ic  c e n t e r s  w i th  a s s o c i a t e d  d ike  swarms 
and g r a b e n - f i l l i n g  v o l c a n i c  r o c k s ,  ex tend ing  from 
c e n t r a l  Oregon t o  c e n t r a l  Nevada (S tewar t  e t  a l . ,  
1975; Zoback and Thompson, 1978). The Beowawe 
r e s e r v o i r  i s  l o c a t e d  a long  an e a s t a o r t h e a s t -  
s t r i k i n g ,  Basin and Range normal f a u l t ,  t h e  Malpais 
f a u l t ,  i n  t h e  Pa leozo ic  sedimentary and T e r t i a r y  
v o l c a n i c  rocks.  

Geothermal e x p l o r a t i o n  a t  Beowawe s t a r t e d  i n  1959 
w i t h  shal low w e l l  d r i l l i n g  by Magma and S i e r r a  
P a c i f i c  Power Companies (Appendix 1 ) .  By 1965 they 
had completed 1 2  w e l l s  and d i scove red  a r e source  

-Tertiary and Quaternary 
gravels and alluvlum 

-0rdovictan siltstone, sandstone 
quartzite, chert and congkxnerafe 

0 -Producing well 

0 -Nonproducing well 

A -Deep temperature- 
gradient hole 

- -Outline of shallow 
thermal thermal anomaly gradient 4 heat llO°C/km flow, 

Figure  3 .  Map of t h e  Beowawe, Nevada Area (modif ied from S t r u h s a c k e r ,  1980) 
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> 200°C at  dep ths  of 215 t o  245 m (Gars ide ,  1974; 
Gars ide  and S c h i l l i n g ,  1979). Vulcan w e l l s  1, 2, 
and 3 had f low r a t e s  of 680,000 kg lh r  a t  wellhead 
p r e s s u r e s  of 7.5 b a r s  2 (Middleton, 1961). However, 
t empera tu re  and f low- ra t e  dec reases  l e d  t o  t h e  con- 
c l u s i o n  t h a t  t h e  r e s e r v o i r  was d e p l e t i n g  and be ing  
invaded by co ld  water (Epperson, 1982). A c t i v i t y  
then  ceased  u n t i l  t h e  e a r l y  1970's. 

Exp lo ra t ion  resumed i n  t h e  e a r l y  1970's when 
Chevron d r i l l e d  t h e  Ginn 1-13. This 2911-111 tes t ,  
t h e  deepes t  i n  t h e  province  a t  t h e  time (1974), en- 
coun te red  a 216°C r e s e r v o i r  w i t h i n  f r a c t u r e d  Paleo- 
z o i c  q u a r t z i t e s  a long  t h e  Malpais f a u l t .  The Ross i  
21-19 was next d r i l l e d  c l o s e r  t o  t h e  Malpais f a u l t ,  
bu t  l a c k s  s u f f i c i e n t  pe rmeab i l i t y .  I n  1975 explo- 
r a t i o n  d r i l l i n g  r e t u r n e d  t o  t h e  s i n t e r  t e r r a c e .  
However, t h e  Batz #l well a t  t h e  east end of t h e  
t e r r a c e  was t h e  f i n a l  d i sappoin tment  f o r  Magma. 
Chevron la ter  d r i l l e d  two producing wells on t h e  
terrace, 85-18 and 33-17. The most r e c e n t  w e l l ,  t h e  
C o l l i n s  No. I, was d r i l l e d  by Get ty  O i l  Company i n  
1981 on t h e  back s i d e  of t h e  t e r r a c e ,  and was un- 
s u c c e s s f u l  o 

The c u r r e n t  i n t e r p r e t a t i o n  of t h e  Beowawe reser- 
v o i r  i s  t h a t  t h e r e  is a sha l low 185°C 2 producing 
i n t e r v a l  i n  t h e  terrace a r e a  w i t h i n  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 .  There i s  a l s o  deeper  and h o t t e r  
f r a c t u r e  product ion  between 2500 and 3000 m w i t h  a 
tempera ture  of 216°C 5 i n  Pa leozoic  rocks  a long  t h e  
Malpa is  f a u l t .  I n t e r f e r e n c e  tests i n d i c a t e  a h i g h  
degree  of c o n t i n u i t y  between a l l  w e l l s .  P re s su re  
r e sponses  a r e  observed  i n  less than  one hour f o r  
w e l l s  up t o  2 km a p a r t ,  even f o r  t hose  completed 
i n  d i f f e r e n t  g e o l o g i c  u n i t s  (Epperson, 1982). 

The p r o d u c t i v i t y  of t h e  r e c e n t l y  t e s t e d  w e l l s  
i s  around 185,000 kg/hr  t o t a l  mass flow. Epperson 
(1982) b e l i e v e s  t h e  lower flow r a t e s  compared t o  
those  of Middleton (1961) ,  a r e  due p r i m a r i l y  t o  
mechanfcal comple t ion  r e s t r i c t i o n s .  A more conven- 
t i o n a l  c a s i n g  program would a l low t h e  Ginn 1-13 t o  
f low two-phase b r i n e  a t  450,000 k g l h r  w i th  a p res -  
s u r e  of 9.3 kg/cm2 5. 

The water produced a t  Beowawe is a d i l u t e  sodium 
b ica rbona te  water wi th  a d i s so lved  s o l i d s  con ten t  
of 1200 mgll. This is t h e  only high-temperature re- 
s o u r c e  i n  t h e  province  which is not  a t y p i c a l  sodium 
c h l o r i d e  water, p o s s i b l y  i n d i c a t i n g  a deeper  r e s e r -  
v o i r  in Pa leozo ic  ca rbona te  rocks.  

Between 1979 and 1982, Chevron and a consortium 
of u t i l i t i e s  known as N O ~ E V  (Keilman, 1982) nego- 
t i a t e d  t o  b u i l d  a 13-w ( g r o s s )  binary-power p l a n t  
a t  Beowawe. C u r r e n t l y  Chevron i s  n e g o t i a t i n g  wi th  
a f i e l d ~ e v e l o p m e n t  p a r t n e r  f o r  a j o i n t - v e n t u r e ,  
10 t o  ~O-IIIW power p l a n t  t o  be b u i l t  by a t h i r d - p a r t y  
manufac turer .  A power-sales c o n t r a c t  would be nego- 
t i a t e d  wi th  S i e r r a  P a c i f i c  Power Company. 

BRADY'S HOT SPRINGS - DESERT PEAK 

The Rrady ' s  Hot Springs-Desert  Peak a r e a  i s  l o c a t e d  
i n  t h e  n o r t h e r n  p a r t  of t h e  Hot Spr ings  Mountains, 
32 km n o r t h e a s t  of Fe rn ley ,  Nevada (F ig .  4 ) .  Brady's 
Hot Spr ings  and Desert Peak a r e  appa ren t ly  s e p a r a t e ,  
h i g ~ - t ~ m p e r a t u r e  geothermal systems loca ted  about 
s i x  km a p a r t .  

A l eng thy  case h i s t o r y  and b ib l iog raphy  of t h e s e  
tvo areas has  r e c e n t l y  been publ i shed  by Benoit  et  a1 

I O ~ I  1 - ~ u ~ t e r n a r y  ~ l t u v i ~  

El Tv" " - Tertiary volcanic rocks 

mj - Tertiary sedimentary rocks 

- Tertiary Chfwopagm basdts 

1-1 - Tertiary rh~ol~te§ 

mq - Tertiary diorite intrusive 

e - Pro~ucing well 

0 - N~nprodu~ing well 

D -Deep t ~ r n p e r ~ u ~ ~ -  
gradient hole - -Outline of shallow t ~ ~ r ~ ~ ~  

,, anomalyr thermal gradient 

I 1/2 0 I Mi 

I '5 0 t 21<m 

> i82*C/km 

I 1  I . 
Figure 4 .  Map of the Brady's Hot Springs-Desert  Peak, Nevada Area ( a f t e r  Benoi t  e t  a l . ,  1982) 
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(1982). 
Peak i s  a tempera ture  s t u d y  of w e l l  B23-1 by Urban 
and Diment ( 1982). 

A more r e c e n t l y  publ i shed  work on Desert 

The Desert Peak geothermal  system i s  s i g n i f i c a n t  
i n  two a s p e c t s .  It was t h e  f i r s t  b l i n d  geothermal  
d i s c o v e r y  i n  t h e  province  w i t h  minor s u r f a c e  mani- 
f e s t a t i o n s  t o  i n d i c a t e  t h e  presence  of t h i s  reser- 
v o i r .  Second, t h e  near -sur face  thermal  anomaly asso-  
c i a t e d  w i t h  t h e  Desert Peak r e s e r v o i r  i s  t h e  l a r g e s t  
and most i n t e n s e  i n  t h e  province.  An area of approx- 
i m a t e l y  195 km2 has tempera ture  g r a d i e n t s  i n  e x c e s s  
of 11O"C/km. The l o c a l  s u r f i c i a l  geology c o n s i s t s  
of T e r t i a r y  v o l c a n i c  and sed imentary  rocks t h a t  are 
drape  f o l d e d  over  numerous, seldom-exposed, n o r t h -  
n o r t h e a s t  and e a s t - n o r t h e a s t - s t r i k i n g  normal f a u l t s .  

Geothermal e x p l o r a t i o n  began i n  1959 a t  Brady 's  
Hot Spr ings  s o l e l y  because of t h e  once-impressive 
s u r f i c i a l  thermal  f e a t u r e s .  Magma Power Company i n -  
i t i a l l y  d r i l l e d  s i x  sha l low wells, s e v e r a l  of which 
produced l a r g e  volumes of sodium c h l o r i d e  water wi th  
tempera tures  over  160°C (Appendix 1 )  and d i s s o l v e d  
s o l i d s  c o n t e n t s  n e a r  3500 mg/l a f t e r  steam s e p a r a -  
t i o n .  I n  1964 E a r t h  Energy d r i l l e d  t h e  f i r s t  deep 
w e l l ,  encountered 212°C tempera tures  but  f a i l e d  t o  
produce s i g n i f i c a n t  amounts of f l u i d .  The las t  
major e x p l o r a t i o n  a t  Brady 's  Hot Spr ings  occurred  
i n  1974 and 1975 when two u n s u c c e s s f u l  deep wells 
confirmed t h e  small s i z e  of t h i s  r e s e r v o i r .  This  
does not  mean t h a t  Brady 's  Hot Spr ings  is  a n  i n s i -  
g n i f i c a n t  resource .  The w o r l d ' s  on ly  commercial 
geothermal  food-processing p l a n t  h a s  been i n  opera-  
t i o n  s i n c e  1978 a t  Brady 's  Hot Spr ings .  This  
p l a n t  i s  t h e  l a r g e s t  commercial geothermal  o p e r a t i o n  
i n  t h e  Basin and Range province  and w i l l  remain so 
u n t i l  t h e  20-w power p l a n t  a t  Roosevel t  Hot Spr ings  
comes on l i n e  i n  1984. 

Geothermal e x p l o r a t i o n  a t  Desert Peak began i n  
1973 a s  a r e s u l t  of a sha l low tempera ture-gradien t  
h o l e  program c e n t e r e d  on Brady 's  Hot Springs.  The 
Desert Peak r e s e r v o i r  was d iscovered  s o l e l y  by 
sha l low and deep tempera ture-gradien t  d r i l l i n g ,  a 
technique  which was s u c c e s s f u l  p r i m a r i l y  because 
t h e  Desert Peak thermal  anomaly i s  so l a r g e .  This  
l a r g e  s i z e  i s  a r e s u l t  of s u b s u r f a c e  thermal-water 
d i s c h a r g e  i n t o  s u b h o r i z o n t a l  a q u i f e r s  a t  s h a l l o w  
d e p t h s .  P h i l l i p s  Petroleum Company's second deep 
e x p l o r a t o r y  w e l l ,  B21-1, d i scovered  t h e  Desert Peak 
r e s e r v o i r  i n  November, 1976. To d a t e ,  s i x  product ion  
wells and 12 deep tempera ture-gradien t  h o l e s  have 
been d r i l l e d .  The f i r s t  t h r e e  producing wells a t  
Desert Peak sugges ted  t h e  r e s e r v o i r  was a r e a l l y  
e x t e n s i v e  and conf ined  t o  pre-Ter t ia ry  metase- 
d imentary ,  metavolcanic  and g r a n i t i c  rocks.  In  
1982, wells 86-21 and 22-22 confirmed t h a t  d i s -  
crete nor th-nor theas t -and  e a s t - n o r t h e a s t - s t r i k i n g  
f a u l t s  provide  t h e  s h a l l o w  p e r m e a b i l i t y  and proved 
product ion  from t h e  T e r t i a r y  v o l c a n i c  rocks.  Well 
86-21 i s  c u r r e n t l y  t h e  l a r g e s t  producer  a t  Desert 
Peak w i t h  a maximum f low rate between 340,000 and 
410,000 k g / h r .  
a t  Desert Peak i s  about  twice as s a l i n e  a s  t h e  
Brady 's  water  wi th  a d i s s o l v e d  s o l i d s  c o n t e n t  of  
6700 mg/l. 

The sodfum c h l o r i d e  r e s e r v o i r  water 

Calcium carbonate  s c a l i n g  i n  t h e  wel lbore  dur ing  
product ion  is  a problem a t  Desert Peak as i t  i s  i n  
most, o r  p o s s i b l y  a l l ,  of t h e  high-tempererature  
Basin and Range r e s e r v o i r s .  A 30-day, scale- 
i n h i b i t i o n  test by EFP Systems Inc .  on w e l l  B21-2 
was s u c c e s s f u l  i n  a l l e v i a t i n g  t h i s  problem. They 
used recyc led  carbon d i o x i d e  as a g a s - l i f t  pump t o  
i n c r e a s e  t h e  wel lhead p r e s s u r e  and lower t h e  pH of 
t h e  geothermal  f l u i d  from 7.0 t o  5.6, t h u s  prevent-  
i n g  s c a l i n g  d u r i n g  f l a s h i n g  i n  t h e  w e l l b o r e  (Kuwada, 
1982). 

Negot ia t ions  are underway between S i e r r a  P a c i f i c  
Power Company and P h i l l i p s  Petroleum which w i l l  
h o p e f u l l y  r e s u l t  i n  t h e  c o n s t r u c t i o n  of a lO-mw 
demonst ra t ion  power p l a n t .  The u l t i m a t e  p o t e n t i a l  
of t h i s  l a r g e  and promising p r o s p e c t  h a s  y e t  t o  be 
determined. 

HUMBOLDT HOUSE 

The Humboldt House geothermal  r e s e r v o i r  i s  l o -  
c a t e d  i n  nor thwes tern  Nevada midway between t h e  
towns of Lovelock and Winnemucca (Fig.  5) and under- 
l i e s  a series of c o a l e s c i n g  a l l u v i a l  f a n s  descending 
from t h e  west f l a n k  of t h e  Humboldt Range. This  
prospec t  h a s  been c h a r a c t e r i z e d  by i n i t i a l  success  
fol lowed by i n c r e a s i n g  f r u s t r a t i o n  i n  e x p l o r a t i o n .  
Geothermal l i t e r a t u r e  on t h i s  prospec t  i s  q u i t e  
l i m i t e d .  The r e g i o n a l  geology i s  d e s c r i b e d  by 
Johnson (1977) and t h e  l o c a l  geology h a s  been mapped 
by S i l b e r l i n g  and Wallace (1967) .  Some geothermal  
h i s t o r y  and i n f o r m a t i o n  i s  b r i e f l y  presented  by 
Desormier (1979). Data and i n t e r p r e t a t i o n s  from t h e  
most r e c e n t  e x p l o r a t o r y  w e l l ,  Campbell E-2, have been 
publ ished by P h i l l i p s  Petroleum Company (1979) ,  and 
S i b b i t t  and Glenn (1981). 

The geothermal  p o t e n t i a l  o €  t h e  Humboldt House 
a r e a  was recognized d u r i n g  a r e g i o n a l  sha l low 
temperature-gradient-hole  d r i l l i n g  program. As t h e  
near -sur face  thermal  anomaly was being o u t l i n e d ,  
r e c e n t l y  e x t i n c t ,  s i l i c e o u s  and c a l c a r e o u s  s p r i n g  
d e p o s i t s  were noted (Gars ide  and S c h i l l i n g ,  1979) 
and a s m a l l  volume of 75°C water was d iscovered  
l e a k i n g  from an  o l d  s h a l l o w  m i n e r a l - e x p l o r a t i o n  
hole .  The Na-K-Ca geothermometer p r e d i c t s  a sub- 
s u r f a c e  tempera ture  of 260°C f o r  t h i s  water. This  
may be t h e  h i g h e s t  p r e d i c t e d  s u b s u r f a c e  tempera ture  
i n  Nevada, bu t  no d r i l l  h o l e  a t  Humboldt House h a s  
y e t  come c l o s e  t o  t h i s  tempera ture  (Appendix 1) .  

The f i r s t  p roduct ion  w e l l ,  Campbell E-1, was 
d r i l l e d  by P h i l l i p s  Petroleum Company i n  November, 
1977 and i s  capable  of producing about  363,000 kg/hr  
of f l u i d  wi th  a maximum s u b s u r f a c e  tempera ture  of 
183°C. The produced f l u i d  i s  a d i l u t e  sodium c h l o r i d e  
water  w i t h  a t o t a l  d i s s o l v e d  s o l i d s  c o n t e n t  of about  
5000 mg/l ,  and i s  chemica l ly  very  similar t o  t h e  t h e r -  
mal water  from t h e  o l d  sha l low minera l -explora t ion  
h o l e  w e l l  6.6 km t o  t h e  nor th-nor thwes t .  The Campbell 
E-1 w e l l  i s  b e l i e v e d  t o  produce from a n  unconsol idated 
zone of a l l u v i a l  l i m e s t o n e  b o u l d e r s  a t  depths  between 
546 and 559 m (Desormier, 1982). This  i s  t h e  only  
known geothermal  w e l l  i n  Nevada w i t h  a h i g h  shut - in  
p r e s s u r e ,  10.5 kg/cm2. 
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Figure  5.  Map of t h e  Humboldt House, Nevada Area (geology a f t e r  S i l b e r l i n g  and Wal lace ,  1967). 

Two o t h e r  d r y  e x p l o r a t o r y  wells were d r i l l e d  i n  
1978 and 1979 (Appendix 1) .  Union O i l  Company's 
Campbell No. 1 w e l l  h a s  t h e  maximum measured temp- 
e r a t u r e  a t  Humboldt House (205OC) b u t  produced only  
about  10 Lpm of b r i n e .  These two wells encountered  
t h i c k  s e c t i o n s  of t h e  T r i a s s i c  Auld tang Syne Group-- 
s h a l e s ,  s la tes  and p h y l l i t e s  which appear  too  i n -  
competent t o  m a i n t a i n  f r a c t u r e  p e r m e a b i l i t y .  The 
l a c k  of p e r m e a b i l i t y  i n  t h e  Auld Lang Syne Group has  
a l s o  been a problem a t  o t h e r  geothermal  p r o s p e c t s  
i n  nor thwes tern  Nevada. Thick sequences of  s i l i -  
ceous s i n t e r  have been found in te rbedded  w i t h i n  t h e  
Quaternary a l l u v i u m  and under ly ing  T e r t i a r y  l a c u s -  
t r i n e  sed imentary  rocks i n  both  wells and deep temp- 
e r a t u r e - g r a d i e n t  h o l e s ,  i n d i c a t i n g  a l o n g  h i s t o r y  
of geothermal  a c t i v i t y  a t  Humboldt House. 

N o  d r i l l i n g  h a s  occurred  on t h i s  prospec t  s i n c e  
1979. A d d i t i o n a l  d r i l l i n g  i s  needed t o  conf i rm t h e  
r e s e r v o i r ,  p o s s i b l y  one of t h e  h o t t e s t  i n  Nevada, 
but  t h e  major problem remains an  apparent  i n a b i l i t y  
t o  locate s u c c e s s f u l  wells. 

NORTHERN DIXIE VALLEY 

The Northern Dixie Val ley  geothermal  area in 
west -cent ra l  Nevada i s  about  95 km n o r t h e a s t  of 
F a l l o n  (Fig. 6). This  i s  t h e  second most developed 
area i n  t h e  province ,  w i t h  10 deep w e l l s .  Actua l ly ,  
t h e r e  are s e v e r a l  p r o s p e c t i v e ,  high-temperature  a r e a s  
i n  Dixie Val ley ,  bu t  o n l y  t h e  area of t h e  p o t e n t i a l l y  
commercial SUNEDCO development near  Senator  fumaroles  
w i l l  be  d iscussed .  
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Figure  6. Map of t h e  Dixie  Val ley,  Nevada Area (modif ied from Speed, 1976). 

SUNEDCO has  r e l e a s e d  few r e s u l t s  of t h e i r  ex-  
p l o r a t i o n .  The re fo re ,  t h e  geothermal l i t e r a t u r e  on 
Dixie  Val ley i s  mostly r e g i o n a l  s t u d i e s  o r  d i s c u s -  
s i o n s  of d a t a  from t h e  two w e l l s  d r i l l e d  by Thermal 
Power Company and Southland Royalty Company as p a r t  
of t h e  Industry-Coupled Program ( F i o r e ,  1980; 
Denton e t  a l . ,  1980). A compilat ion of pub l i shed  
l i t e r a t u r e  and d a t a  can be found i n  t h e  June ,  1981 
Geothermal Resources Council  B u l l e t i n .  The most 
r e c e n t  r e p o r t  summarizing SUNEDCO’s e x p l o r a t i o n  
a c t i v i t i e s  i s  by Parchman and Knox (1981). Geother- 
m a l  developments i n  t h e  sou the rn  p a r t  of Dixie  Va l l ey  
ara reported by U a i b l  (1983). 

Dixie  Val ley i s  a t y p i c a l  Basin and Range graben 

complex block of Mesozoic sed imen ta ry  and igneous 
rocks  o v e r l a i n  by a t h i c k  and v a r i a b l e  T e r t i a r y  
v o l c a n i c  sequence (Willden and Speed, 1974; Speed, 
1976; Waibel, 1983). Simi la r  geology has  been pen- 
e t r a t e d  by t h e  wells i n  Dixie Va l l ey  (Bard, 1980). 
Dixie  Valley i s  known p r i m a r i l y  f o r  t h e  6.8-magni- 
t u d e ,  1954 Dixie Valley-Fairview Peak ear thquake 
and a s s o c i a t e d  swarms t h a t  produced f a u l t  s c a r p s  
as h igh  as 6 m (Slemmons, 1957). A sp read ing  ra te  
of 1 mm/yr f o r  t h e  p a s t  12,000 y r s  h a s  been e s t ima ted  
by Thompson and Burke (1974). 

Surfacs t he rma l  manifesteions in  northern 
Dixie  Valley a r e  obvious and abundant  a t  t h e  base 
of t h e  east s c a r p  of t h e  S t i l l w a t e r  Range. They 

wi th  a n o r t h e a s t e r l y  s t r i k e  and i n t e r i o r  d r a i n a g e  
i n t o  t h e  Humboldt S a l t  Marsh. The geothermal  r e s e r -  o t h e r  unnamed fumaroles ,  and s e v e r a l  hydrothermally 
v o i r  i s  a s s o c i a t e d  w i t h  t h e  major normal f a u l t ( s )  
s e p a r a t i n g  Dixie  Val ley from t h e  S t i l l w a t e r  Range d i c t e d  subsu r face  temperatures  based on t h e  s t anda rd  
t o  t h e  west. The S t i l l w a t e r  Range i s  a s t r u c t u r a l l y  chemical geothermometers from t h e  thermal  s p r i n g s  

’ i n c l u d e  Dixie  and Sou Hot Spr ings ,  Senator  and 

a l t e r e d  and mine ra l i zed  a r e a s .  Although t h e  pre-  
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were low, SUNEDCO cont inued e x p l o r a t i o n  because 
s i l i c a l n i x i n g  models a t  Dixie Hot Spr ings  and 
t empera tu re -g rad ien t  d a t a  i n d i c a t e d  an  e s t i m a t e d  
180-210°C r e s e r v o i r  a t  depth (Parchman and Knox, 
1981). 

SUNEDCO's f i r s t  w e l l ,  Lamb # l ,  w a s  t h e  d i s c o v e r y  
w e l l  (Appendix 1). Completed a t  2211 m i n  1978 
abou t  4-1/2 km s o u t h e a s t  of t h e  Senator  Fumaroles,  
t h i s  w e l l  produces from f r a c t u r e d  T e r t i a r y  v o l c a n i c  
r o c k s  and p o s s i b l y  t h e  unde r ly ing  Mesozoic i n t r u s i v e  
and v o l c a n i c  rocks  (Bard,  1980). SUNEDCO has  
subsequen t ly  d r i l l e d  seven  s t e p o u t  o r  d e l i n e a t i o n  
wells, s i x  of which are producers .  The only non- 
p roduce r ,  Fede ra l  62-21, i s  t h e  deepes t  test 
t o  d a t e  and t h e  f u r t h e s t  from t h e  range-front  
f a u l t .  As a l l  t h e  producing w e l l s  are between 
2211 and 3005 m deep,  Dixie  Val ley i s  t h e  d e e p e s t  
geothermal  r e s e r v o i r  y e t  d i scove red  i n  t h e  province.  
SUNEDCO has not  r e l e a s e d  t empera tu re  d a t a  b u t  a 
bottomhole t empera tu re  of t h e  SUNEDCO development 
i n  excess  of 238OC has  been pub l i shed  (Keilman, 
1982). 

Two a d d i t i o n a l  deep w e l l s  were d r i l l e d  a l o n g  t h e  
range f r o n t  southwest  of SUNEDCO's wells i n  1979 by 
Thermal Power Company. Although bo th  of t h e s e  w e l l s  
are ho.t, n e i t h e r  i s  p roduc t ive .  Bard (1980)  r e p o r t s  
t h a t  t h e  Thermal Power Company wells encountered t h e  
same g e n e r a l  l i t h o l o g y  as t h e  Lamb #l. However, he  
b e l i e v e s  t h e  r eason  the pe rmeab i l i t y  i s , r e d u c e d  i s  
because of a "missing" red  c l ay - l aye r  cap o v e r l y i n g  
t h e  v o l c a n i c  sequence,  and t h e  absence of a s i z e a b l e  
i n t r u s i v e  body. 

I 

The l i m i t e d  f l u i d s  produced from t h e  Thermal 
Power w e l l s  a r e  sodium c h l o r i d e  i n  composi t ion and 
have a t o t a l  d i s s o l v e d  s o l i d s  c o n t e n t  r ang ing  from 
1600 t o  5400 mg/mf (Bohm e t  a l . ,  1980). The SUNEDCO 
w e l l s  produce a s i m i l a r  l o w - s a l i n i t y  water. 

The SUNEDCO f l o w  r a t e s  have not  been r e l e a s e d ,  
bu t  t h e y  are cons ide red  f a v o r a b l e  f o r  p o t e n t i a l  elec- 
t r ic-power development. SUNEDCO h a s  t a l k e d  t o  a 
number u t i l i t i e s  abou t  developing Dixie  V a l l e y  and 
a t  t h e  present  t i m e ,  t h e  nex t  l i k e l y  s t e p  is a small 
demonstrat ion p l a n t .  

SODA LAKE 

The Soda Lake geothermal  area is  l o c a t e d  i n  t h e  
southwestern p a r t  of  t h e  Carson Sink ,  some 10 km 
northwest  of F a l l o n ,  Nevada (F ig .  7 ) .  This  prospect  
i s  r e l a t i v e l y  unknown as i n d u s t r y  e x p l o r a t i o n  re- 
s u l t s  t o  d a t e  have not  been widely p u b l i c i z e d ,  and 
t h e  s u r f i c i a l  geology l a r g e l y  concea l s  t h e  a c t i v e  
geothermal  m a n i f e s t a t i o n s .  

The geothermal p o t e n t i a l  of t h e  Soda Lake a r e a  
was f i r s t  i n d i c a t e d  i n  1903, when water w e l l  d r i l -  
l i n g  a t  an e x t i n c t  h o t  s p r i n g  h i t  b o i l i n g  water  a t  
18 m (Garside and S c h i l l i n g ,  1979). This  w e l l  f u rn -  
i s h e d  steam f o r  a bathhouse as la te  as 1964, 
Xor r i son  (1964) mapped t h e  a r e a  as p a r t  of a l a r g e r  
s tudy  of Lake Lahontan and t h e  sou the rn  Carson Des- 
e r t .  Olmsted e t  a l ,  (1975) s t u d i e d  t h e  hydrology 
p l u s  o u t l i n e d  and i n t e r p r e t e d  t h e  l a r g e  nea r - su r face  
the rma l  anomaly. I n d u s t r y  began e x p l o r a t o r y  work 
i n  1973. H i l l  e t  a l .  (1979) p re sen ted  a b r i e f  FI - Quaternary alluvium 
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Figure  7 .  Map of t h e  Soda Lake, Nevada Area (geology modif ied from Morrison,  1964).  
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e x p l o r a t i o n  h i s t o r y  and geothermal  i n t e r p r e t a t i o n .  
D e t a i l e d  l i t h o l o g i c  l o g s  from s e v e r a l  of t h e  i n t e r -  
mediate-depth and deep wells i n  t h e  area are p r e s -  
en ted  by S i b b e t t  (1979). 

The Soda Lake geothermal  area i s  t h e  only  proven 
high-temperature  Basin and Range geothermal  prospec t  
no t  a d j a c e n t  t o  range-bounding, f r o n t a l - f a u l t  systems 
o r  l o c a t e d  w i t h i n  an exposed s m a l l - r e l i e f  h o r s t  b lock .  
It i s  l o c a t e d  i n  t h e  s o u t h e r n  Carson Sink,  about  18 km 
from pre-Quaternary bedrock exposures .  The Carson 
Sink i s  t h e  major d r a i n a g e  sump of t h e  nor thwes tern  
Great  Basin and i s  one of t h e  l a r g e s t  and deepes t  
b a s i n s  i n  n o r t h e r n  Nevada. The s u r f i c i a l  geology 
i s  almost  e n t i r e l y  l a t e  P l e i s t o c e n e  l a c u s t r i n e  
and a e o l i a n  sed iments .  The f l a t ,  monotonous s e d i -  
mentary s u r f i c i a l  cover  i s  broken by two volcanic-  
r e l a t e d  d e p o s i t s .  Soda Lake and L i t t l e  Soda Lake 
occupy p h r e a t i c  e x p l o s i o n  c r a t e r s  w i t h i n  cones of 
Quaternary sand and b a s a l t i c  l a p i l l i  ejecta about 
30 m h igh .  These e x p l o s i v e  c r a t e r s  are b e l i e v e d  
t o  have been a c t i v e  as r e c e n t l y  a s  10,000 y r s  ago 
and hot -spr ing  a c t i v i t y  a p p a r e n t l y  i s  p r e s e n t  n e a r  
t h e  c e n t e r  of Soda Lake (Breese ,  1968). Quaternary 
magmatic a c t i v i t y  a t  Upsal Hogback, about  9 km n o r t h -  
e a s t  of Soda Lake, has  produced from f o u r  t o  seven 
over lapping  cones of s u b a e r i a l l y  d e p o s i t e d  b a s a l t i c  
t u f f .  The al ignment  of t h e s e  v o l c a n i c  and hydro- 
thermal  f e a t u r e s  provides  ev idence  f o r  a major 
n o r t h e a s t - s t r i k i n g  s t r u c t u r e  c o n t r o l l i n g  t h e  geo- 
thermal  system. H i l l  e t  a l .  (1979) have i n t e r -  
p r e t e d  t h i s  s t r u c t u r e  from seismic d a t a  a s  a narrow 
graben.  

There i s  g r a v i t y  and magnet ic  ev idence  f o r  o t h e r  
i n t e r e s t i n g ,  and as y e t  poor ly  unders tood ,  f e a t u r e s  
beneath t h e  s u r f i c i a l  cover .  A 6 m g a 1 ,  a r c u a t e  
Bouguer g r a v i t y  h igh  w i t h  a d iameter  of about  10 km 
i s  approximate ly  c e n t e r e d  on Soda Lake. A magnet ic  
low c o r r e l a t e s  w i t h  t h e  c e n t r a l  g r a v i t y  low. D i r e c t l y  
beneath Soda Lake a s m a l l  p o s i t i v e  g r a v i t y  r e s i d u a l  
may i n d i c a t e  an  i n t r u s i v e  p lug .  

The Soda Lake r e s o u r c e  i s  l a r g e l y  def ined  by 
tempera ture-gradien t  h o l e s .  Three la rge-d iameter  
wel ls  and s i x  i n t e r m e d i a t e - d e p t h  tempera ture-  
g r a d i e n t  h o l e s  have he lped  d e f i n e  t h e  thermal  
regime a t  depth .  However, s t r a t i g r a p h i c  c o r r e l a -  
t i o n s  between t h e s e  h o l e s ,  e s p e c i a l l y  i n  t h e  pre-  
Quaternary r o c k s ,  have m e t  wi th  l i m i t e d  success  t o  
d a t e .  

The f i r s t  deep e x p l o r a t o r y  w e l l ,  1-29, (Appen- 
d i x  1)  was d r i l l e d  i n  1974 j u s t  west of t h e  o l d  
steam w e l l .  P roduct ion  was found a t  238 m i n  un- 
c o n s o l i d a t e d  a l luv ium w i t h  a maximum tempera ture  
of 172OC. The 44-5 w e l l  was u n s u c c e s s f u l l y  d r i l l e d  
i n  1978 on a r e s i s t i v i t y  anomaly n e a r  t h e  s o u t h  margin 
of t h e  s h a l l o w  thermal  anomaly ( H i l l  e t  a l . ,  1979). 
Although 1 8 8 O C  has  been measured as sha l low a s  610 m ,  
t h e  h o t t e s t  measured tempera ture  t o  d a t e  i s  204°C i n  
t h e  84-33 w e l l .  A shor t - te rm f low tes t  of w e l l  84-33 
has i n d € c a t e d  p o t e n t i a l  f o r  commercia1 production. 
It produced 115,000 k g / h r  t o t a l - m a s s  f low through 
75 m of p e r f o r a t e d  c a s i n g  completed i n  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 .  The r e s e r v o i r  f l u i d  i s  a low- 

s a l i n i t y ,  5000 mg/l ,  sodium c h l o r i d e  water. 

Soda Lake i s  not  y e t  a commercial s u c c e s s  and no 
power p l a n t s  have been proposed, but t h e  r e s u l t s  ' 

t o  d a t e  are encouraging.  Addi t iona l  d r i l l i n g ,  test-  
i n g  and e v a l u a t i o n  are r e q u i r e d  b e f o r e  t h e  p o t e n t i a l  
of t h i s  r e s e r v o i r  can be determined.  

STEAMBOAT SPRINGS 

Steamboat Spr ings  i s  l o c a t e d  about  16 km s o u t h  
of downtown Reno, Nevada (Fig.  8) .  Sys temat ic  
r e s e a r c h  on t h e  Steamboat Spr ings  geothermal  system 
began i n  1945, making i t  t h e  f i r s t  such system t o  
be e x t e n s i v e l y  s t u d i e d  i n  t h e  Basin and Range pro- 
v ince  (Thompson and White, 1964; White e t  a l . ,  
1964; White, 1968). This  e a r l y  work, a l o n g  w i t h  
t h e  impress ive  thermal  f e a t u r e s ,  has  made Steamboat 
Spr ings  known t o  geothermal  and economic g e o l o g i s t s  
worldwide. The water  geochemistry has  been s t u d i e d  
by Bateman and Scheibach (1975) ,  and Nehring (1979, 
1980). White e t  a l .  (1974) have s t u d i e d  t h e  geo- 
chemical  p r o c e s s e s  which c r e a t e d  t h e  e x t e n s i v e  areas 
of ac id- leached  and hydro thermal ly  a l t e r e d  rock  a t  
Steamboat Springs.  Geophysical d a t a  have been 
presented  by Hoover e t  a l .  (1975a, 1975b), Long 
and Brigham (1975) ,  and Pe terson  (1975). The most 
r e c e n t  g e o l o g i c a l  paper h a s  been on t h e  d u r a t i o n  
of hydrothermal  a c t i v i t y  (Si lberman e t  a l . ,  1979). 
The only  publ i shed  informat ion  on t h e  r e c e n t  geo- 
thermal  e x p l o r a t i o n  i s  by Desormier (1983). 

Steamboat Spr ings  has  a wide v a r i e t y  of geo- 
thermal  f e a t u r e s  cover ing  an area of about  10 km2, 
making i t  one of t h e  most obvious and i n t e r e s t i n g  
geothermal  e x p l o r a t i o n  t a r g e t s  i n  t h e  province .  
The thermal  s p r i n g s  a r e  l o c a t e d  a t  t h e  n o r t h e a s t  
end of Steamboat H i l l s ,  a smal l  n o r t h e a s t - s t r i k i n g  
range t r a n s v e r s e  t o  t h e  dominant r e g i o n a l  t r e n d s .  
The Steamboat H i l l s  c o n s i s t  of g r a n o d i o r i t e  and 
metamorphosed sedimentary and v o l c a n i c  rocks  p a r t -  
i a l l y  bur ied  by T e r t i a r y  v o l c a n i c  rocks  and Quater- 
nary v o l c a n i c  and sedimentary rocks .  A n o r t h - e a s t -  
s t r i k i n g  l i n e  of f o u r  Quaternary r h y o l i t e  domes 
(Thompson and White, 1964) i n d i c a t e s  a p o s s i b l e  
magmatic h e a t  source .  The a r e a  i s  h i g h l y  f a u l t e d  
and t h e s e  f a u l t s  appear  t o  c o n t r o l  t h e  l o c a t i o n  of 
t h e  known r e s e r v o i r  (Desormier, 1983). Steamboat 
Spr ings  has  a long documented h i s t o r y  of geothermal  
a c t i v i t y . T t  h a s  been i n t e r m i t t e n t l y  a c t i v e  f o r  a t  
l e a s t  2.5 m i l l i o n  y e a r s  (Si lberman e t  a l . ,  1979). 

Geothermal e x p l o r a t i o n  a t  Steamboat Spr ings  
began about  1920 when a l o c a l  r e s o r t  owner d r i l l e d  
sha l low wells t o  supply  a spa.  I n  1950 t h e  Rodeo 
w e l l  (Appendix 1)  was t h e  f i r s t  w e l l  t o  be d r i l l e d  
a t  Steamboat S p r i n g s ,  and probably t h e  f i r s t  i n  
t h e  Basin and Range p r o v i n c e ,  s p e c i f i c a l l y  s e a r c h -  
i n g  f o r  steam f o r  g e n e r a t i n g  e l e c t r i c i t y  (White, 
1983). The i n i t i a l  i n t e r m e d i a t e - d e p t h  e x p l o r a t o r y  

w e l l  was d r i l l e d  i n  1959 by Nevada Thermal Power 
Company (Magma) t o  558 m (White, 1968). Five o t h e r  
w e l l s  soon fol lowed with the maxImum measured temp- 
e r a t u r e  of 186OC i n  Nevada Thermal Power w e l l  4. 
No product ion  o r  deep e x p l o r a t o r y  wel ls  were d r i l l e d  
a t  Steamboat Spr ings  between 1962 and 1979. 
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-Quaternary alluvium 

Figure  8, Map of t h e  Steamboat Spr ings ,  Nevada Area (modi f ied  from 

I n  the mid 1970's p r i v a t e  i n d u s t r y  resumed 
e x p l o r a t i o n  a t  Steamboat Spr ings  i n  a n t i c i p a t i o n  
of t h e  September, 1975 KGRA s a l e .  P h i l l i p s  Fe t ro-  
leum conducted an i n t e g r a t e d  e x p l o r a t i o n  program 
between 1975 and 1979 which r e s u l t e d  i n  d r i l l i n g  
f i v e  i n t e r m e d i a t e - d e p t h ,  t empera ture-gradien t  ho le s .  
Data from t h e s e  h o l e s  were used t o  l o c a t e  Steamboat 
i l l ,  t h e  d i scove ry  w e l l  (Desormier , 1983). 

Steamboat ill was d r i l l e d  t o  a depth of 930 rn in 
t h e  summer of 1979 and is  capable  of producing  
272,000 k g f h r  of f l u i d  from f r a c t u r e d  g r a n o d i o r i t e  
and metamorphic rocks .  The maximum measured sub- 
s u r f a c e  t empera tu re  i s  228°C. The chemical geo- 
thermometers i n d i c a t e  subsu r face  tempera tures  near 
220°C (Nehring, 1979). The produced sodium c h l o r i d e  
water  i s  chemica l ly  similar t o  t h e  hot s p r i n g s  water 
wi th  a s a l i n i t y  of 2200 mg/l. 

Steamboat: # l  appea r s  t u  have an unusual  l o c a t i o n ,  
on top  of t h e  Steamboat H i l l s ,  a lmos t  three km sou th -  
west of t h e  main the rma l  s p r i n g s .  However, Steamboat 
C l  has  demonst ra ted  t h a t  t h i s  area i s  a deeper  sou rce  
f o r  t h e  Steamboat Spr ings  thermal  water which f lows  
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md - Triassic metamorphic rocks 

- Cretaceous granitic rocks 

e -Producing well 

0 -Noncommercial well 

A -Deep temperature-gradient hole 

- -Outline of shallow thermal 
anomaly, thermal gradient > 182*C/km 

I 112 0 I 2 Mi 
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Silberman e t  af., 1973) 

l a t e r a l l y  t o  t h e  n o r t h e a s t  from benea th  Steamboat 
H i l l s .  

Nine in t e rmed ia t e -dep th  tempera ture-gradien t  
h o l e s  and one o t h e r  non-commercial p roduct ion  w e l l ,  
t h e  Cox 1-1, have been d r i l l e d  s i n c e  1979, These 
have confirmed t h e  Steamboat Spr ings  geothermal 
r e s e r v o i r  u n d e r l i e s  t h e  h ighe r  p a r t s  of t h e  Steam- 
boa t  H i l l s ,  Between 1981 and 1983 t h e r e  w a s  no 
d r i l l i n g  a c t i v i t y  because one of t h e  major l e a s e  
h o l d e r s  w a s  l i q u i d a t i n g  t h e i r  p o s i t i o n .  This was 
accomplished e a r l y  i n  1983 so  a second a t tempt  a t  
a conf i rma t ion  w e l l  i s  now f e a s a b l e .  

cos0 

The Coscl geothermal f i e l d  is  l o c a t e d  i n  t h e  Cos0 
Mountains of sou the rn  C a l i f o r n i a  about 55 km nor th  
of t h e  town of R idgec res t  and mostly w i t h i n  t h e  bor- 
d e r s  of t h e  China Lake Naval Weapons Center (Fig.  9). 

Cos0 l ies  a s h o r t  d i s t a n c e  east of t h e  s c e n i c  
e a s t e r n  s c a r p  of t h e  S i e r r a  Nevada Range amid a 
s p e c t a c u l a r  c l u s t e r  of Quaternary r h y o l i t e  domes. 
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Figure  9. Map of t h e  Coso, C a l i f o r n i a  Area (modif ied from Duf f i e ld  and Bacon, 1981). 

These domes, t o g e t h e r  w i th  t h e  Cos0 the rma l  s p r i n g s  
and t h e  D e v i l ' s  Kitchen Eumaroles, c l e a r l y  i n d i c a t e  
h igh  geothermal  p o t e n t i a l .  
s i v e l y  s t u d i e d  by t h e  U. S. Geological  Survey, 
U n i v e r s i t y  of Utah Research Xns i tu t e ,  U. S. Navy, 
t h e  U. S. Department of Energy, and p r i v a t e  
i n d u s t r y .  

Cos0 h a s  been i n t e n -  

The l i t e r a t u r e  on Cos0 i s  ex tens ive .  The col- 
l e c t i o n  of pape r s  i n  t h e  Jou rna l  of Geophysical 
Research (1980) examine many f a c e t s  of Coso. More 
r e c e n t  c o n t r i b u t i o n s  a r e  a geo log ic  map (Duf f i e ld  
and Bacon, 1981) and r e c e n t  p r o d u c t i o n - d r i l l i n g  
r e s u l t s  nea r  t h e  Dev i l ' s  Kitchen (Moore e t  a l . ,  
1982). 

Numerous geophys ica l  s t u d i e s  were conducted a t  
Cos0 p r i o r  t o  d r i l l i n g  t h e  f i r s t  l a rge -d iame te r  
e x p l o r a t o r y  w e l l ,  CGEH-1 l a t e  i n  1977 ( G a l b r a i t h ,  
1978). CGEH-1 was d r i l l e d  by t h e  U. S. Department 
of Energy i n  s e a r c h  of h o t  d r y  rock.  CGEH-1 has  a 
maximum tempera tu re  of 195°C (Appendix 1) and dur-  
i n g  d r i l l i n g  produced 27,000 kg /h r  of sodium c h l o r -  
i d e  water w i t h  a t o t a l  d i s s o l v e d  s o l i d s  c o n t e n t  
near  4,500 mg/l. 
p r e t e d  t o  i n d i c a t e  a h o t - w a t e r  r e s e r v o i r  (Fourn ie r  
e t  a l . ,  1980). 

The c h l o r i d e  water has  been i n t e r -  

After t h e  d r i l l i n g  and t e s t i n g  of CGEH-1 t h e r e  
was no a d d i t i o n a l  d r i l l i n g  u n t i l  l a t e  1981. During 
t h i s  t ime ,  l e g a l  and p o l i t i c a l  problems r e q u i r i n g  
congres s iona l  and U. S. Navy a c t i o n  t o  permit  p r i v a t e  
development w i t h i n  t h e  Naval Weapons Center  were res- 
olved.  I n  December, 1979, a lmost  s i x  y e a r s  a f t e r  t h e  
Geothermal Steam Act was e n a c t e d ,  C a l i f o r n i a  Energy 
Company c o n t r a c t e d  w i t h  t h e  U. S .  Navy t o  exp lo re  
f o r  and develop geothermal r e s o u r c e s  on a n  i n i t i a l  
3000-ac t r a c t .  This  arrangement i s  unique because 
t h e  U. S. Navy h a s  r e t a i n e d  t i t l e  t o  t h e  geothermal 
r e source .  I n  September, 1981 t h e  remaining Fede ra l  
KGRA l a n d s  o u t s i d e  t h e  Naval Weapons Center  were 
o f f e r e d  f o r  lease, The Los Angeles Dept. of Water 
and Power bid $1262 and $1012 pe r  a c r e  f o r  two 
p a r c e l s  which are by fa r  t h e  h i g h e s t  KGRA bonus b i d s  
i n  t h e  province.  

I n  December, 1981, C a l i f o r n i a  Energy d r i l l e d  
w e l l  75-7 (Appendix 1) near  t h e  D e v i l ' s  Kitchen t o  
a dep th  of 405 m and encountered d r y  s team wi th  a 
t empera tu re  of 213OC and a p r e s s u r e  of 17.9 kg/cm2. 
The 75-7 w e l l  i s  capable  of a s u s t a i n e d  steam-flow 
r a t e  w e l l  i n  excess  of 45,000 k g / h r  (Moore e t  a l . ,  
1982; The O i l  and Gas J o u r n a l ,  1982). The d ry  steam 
was l a r g e l y  a s u r p r i s e  because of t h e  c h l o r i d e  wa te r  
p r e s e n t  i n  CGEH-1. Moore e t  a l .  (1982) b e l i e v e  t h e  
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steam r e s u l t s  from a l o c a l  zone of v igorous  f l a s h i n g  
r a t h e r  t han  from a n  e x t e n s i v e  s team cap. Fourn ie r  
(pers comm.) i n t e r p r e t s  t h e  d r y  steam t o  r e s u l t  from 
t h e  p a r t i a l  o b s t r u c t i o n  of h o t  water  f low a long  a 
f a u l t  which was i n t e r s e c t e d  by t h e  75-7 wel lbore .  
He b e l i e v e s  t h a t  t h e r e  a l s o  i s  no steam cap, b u t  
t h a t  t h e  steam on ly  forms as t h e  p r e s s u r e  i s  de- 
c reased  above t h e  o b s t r u c t i o n .  The r e s e r v o i r  a t  
Cos0 appa ren t ly  c o n s i s t s  of nor th-south  s t r i k i n g  
f r a c t u r e s  i n  Mesozoic g r a n i t i c  rocks  and v a r i a b l e  
high-grade metamorphic rocks  of u n c e r t a i n  age.  

C a l i f o r n i a  Energy h a s  d r i l l e d  f i v e  a d d i t i o n a l  
w e l l s ,  a l l  of which are r e p o r t e d  t o  be capable  of 
commercial f low r a t e s  and produce two-phase f l u i d s  
(Na t iona l  Geothermal S e r v i c e ,  1982). The d r i l l i n g  
s t r a t e g y  t o  d a t e  a t  Cos0 h a s  v a r i e d  from most o t h e r  
Basin and Range p rospec t s .  Temperature-gradient 
h o l e s  deeper  than  150 m are conspicuous ly  absen t .  

The maximum r e p o r t e d  t empera tu re  a t  Cos0 i s  213OC 
i n  w e l l  75-7. Temperatures as h i g h  as 245OC i n  t h e  
deeper c h l o r i d e - w a t e r  p a r t  of t h e  r e s e r v o i r  are pos- 
s i b l e  based on geochemical ev idence  (Fourn ie r  e t  a l . ,  

1980). A s  a l l  of t h e  wells t o  d a t e  a t  Cos0 have been 
r e l a t i v e l y  sha l low,  deeper  d r i l l i n g  may encounter  
t h e s e  h igher  i n d i c a t e d  tempera tures .  

C a l i f o r n i a  Energy Company h a s  announced t h a t  t h e y  
i n t e n d  t o  be g e n e r a t i n g  a s u b s t a n t i a l  amount of 
e l e c t r i c a l  power by t h e  end of 1984. I f  t h i s  
s chedu le  i s  m e t ,  t h e  e l apsed  t i m e  between t h e  f i r s t  
commercial w e l l  and power product ion  w i l l  be only 
3 y e a r s .  This  would be t h e  most r a p i d  commercial 
geothermal-power development i n  t h e  United S t a t e s .  

LONG VALLEY 

The Long Val ley  c a l d e r a  i s  l o c a t e d  a t  t h e  base 
of t h e  e a s t e r n  s c a r p  of t h e  S i e r r a  Nevada, SO km 
n o r t h  of t h e  town of Bishop. The s c e n i c  r e s o r t  
town of Mammoth Lakes i s  n e s t l e d  w i t h i n  i t s  south- 
w e s t  quadrant  (F ig .  lo) .  The c a l d e r a  i s  loca ted  
d i r e c t l y  a long  t h e  wes tern  margin of t h e  B a s i n  and 
Range province  and may be more c l o s e l y  r e l a t e d  t o  
t h e  province  boundary than  t h e  province  proper .  
However, t he  450 km2 Quaternary c a l d e r a  has  a l l  t h e  
g e o l o g i c a l  p r e - r e q u i s i t e s  t o  c o n t a i n  t h e  l a r g e s t  

- Quaternary basalt . 

Quaternary post resurgent dome, 
rhyolite and rhyodacite 

Quaternary rhyolite of 
the resurgent dome 

Bishop l u f f  

- Pretertiary metamorphic A - Deep temperature - gradient hole 

- Outline of shallow thermal 7 

anomaly, temperature > 20% 
at a depth of  15 meters 

- ” -  

Figure  10. Map of t h e  Long Va l l ey ,  C a l i f o r n i a  Area (modified fror .  Sorey e t  a l . ,  1978).  
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geothermal  r e s e r v o i r  i n  t h e  Basin and Range pro-  
v ince .  Recent o b s i d i a n  f l o w s ,  a l o n g  w i t h  g r a v i t y ,  
seismic r e f r a c t i o n ,  and P-wave d e l a y  d a t a  i n d i c a t e  
a magmatic h e a t  s o u r c e  u n d e r l i e s  t h e  w e s t e r n  p o r t i o n  
of t h e  c a l d e r a .  The hot  s p r i n g s  i n  Hot Creek Gorge 
are t h e  l a r g e s t  volume b o i l i n g  s p r i n g s  i n  t h e  pro- 
v ince  and t h e  chemical  geothermometers when a p p l i e d  
t o  t h e s e  waters i n d i c a t e  a r e s e r v o i r  tempera ture  
between 200 and 282OC. Large areas of i n t e n s e  
hydrothermal  a l t e r a t i o n  a r e  p r e s e n t  a t  Casa Diablo,  
Hot Creek,  and t h e  Clay P i t .  F a i r l y  i n t e n s e  seismic 
a c t i v i t y ,  probably r e l a t e d  t o  magma movement, i s  
presumably main ta in ing  o r  enhancing r e s e r v o i r  
p e r m e a b i l i t y .  On t h e  o t h e r  hand, t h i s  a c t i v i t y  
has  i n i t i a t e d  a volcano-watch d e s i g n a t i o n  by t h e  
U. S. Geologica l  Survey. I n  s p i t e  of t h e s e  f a v o r -  
a b l e  g e o l o g i c a l  c h a r a c t e r i s t i c s ,  no l a r g e  r e s e r v o i r  
h a s  y e t  been d iscovered .  The main reason  f o r  t h i s  
i s  U. S. F o r e s t  S e r v i c e  d e l a y s  i n  l e a s i n g  F e d e r a l  
l a n d  w i t h i n  t h i s  most s c e n i c  of t h e  high-temperature  
geothermal  p r o s p e c t s .  

The l i t e r a t u r e  on Long Val ley i s  very e x t e n s i v e .  
The U. S. Geologica l  Survey ' s  Long Val ley Symposium 
( J o u r n a l  of Geophysical Research,  1976) i s  a very 
comprehensive c o l l e c t i o n  of papers  on geology,  geo- 
chemis t ry ,  geophysics  and hydrology.  A complete  i n -  
t e g r a t i o n  of t h e  hydrothermal  sys tem of Long Val ley 
h a s  been presented  by Sorey e t  a 1  (1978) .  Diment e t  
a1 (1980) have s t u d i e d  t h e  sha l low thermal  regime. 

Geothermal e x p l o r a t i o n  a t  Long Val ley began i n  
1959 a t  Casa Diablo Hot Spr ings  on p r i v a t e  lands .  
Nine s h a l l o w  product ion  h o l e s  were d r i l l e d  by Magma 
Power Company and Endogeneous Power Company t o  a 
maximum depth  of 324 m (Appendix 1) .  A maximum 
tempera ture  of 178OC was measured and t h e  maximum- 
r e p o r t e d  f low rate  was 246,000 k g / h r  (McNitt, 1963). 
After t h i s  i n i t i a l  b u r s t  of a c t i v i t y  which l a s t e d  
through 1962, l i t t l e  happened u n t i l  t h e  U. S. 
Geologica l  Survey began a comprehensive program i n  
1971 t o  s t u d y  Long Val ley a s  i t s  type  hot-water  geo- 
thermal  system. Some of t h e  i n t e r p r e t a t i o n s  from 
t h i s  s t u d y ,  made wi thout  any deep d r i l l  h o l e s ,  have 
s i n c e  proven t o  be almost  p r o p h e t i c .  

The f i r s t  deep w e l l  i n  t h e  Long Val ley c a l d e r a  
was d r i l l e d  i n  1976 by Republ ic  Geothermal t o  a 
depth  of 2109 m i n  t h e  s o u t h e a s t e r n  quadrant  
(Smith and Rex, 1977). Well 66-29 i s  l o c a t e d  on 
l a n d  l e a s e d  a t  t h e  f i r s t  KGRA sale i n  January 1974. 
This a p p a r e n t l y  had much t o  do w i t h  t h e  l o c a t i o n .  
Well 66-29 turned  o u t  t o  be s u r p r i s i n g l y  co ld  w i t h  
a maximum u n s t a b i l i z e d  tempera ture  of 72OC, o b t a i n e d  
90 h r s  a f t e r  l as t  c i r c u l a t i o n .  

Between 1976 and 1979 no deep w e l l s  were d r i l l e d  
i n  t h e  c a l d e r a .  This  was not  because of t h e  d i s -  
couraging  r e s u l t s  of t h e  Republ ic  w e l l ,  bu t  because 
t h e  U. S. F o r e s t  Serv ice  was not  making F e d e r a l  
l a n d s  i n  t h e  c e n t r a l  and wes tern  p a r t s  of t h e  
c a l d e r a  a v a i l a b l e  f o r  l e a s e .  In  1979, t h e  U. S. 
Forest S e r d c e ,  together with the 3ureau of Land 
Management and U. S. Geological  Survey, proposed 
a lease sale i n  t h e  c e n t r a l  p a r t  of t h e  c a l d e r a .  
However, t h e  s p e c i a l  s t i p u l a t i o n s  a t t a c h e d  t o  

t h e  leases inc luded  such  items a s  f o r c e d  u n i t i z a -  
t i o n ,  a commitment t o  d r i l l  t h r e e  wells a t  l e a s t  
f o u r  km a p a r t  w i t h i n  two y e a r s  of u n i t i z a t i o n ,  
and phased l e a s i n g .  I n d u s t r y  f e l t  i t  could  not  
e f f e c t i v e l y  o p e r a t e  under t h e s e  requi rements  and 
f i l e d  an  appea l .  The Chief of t h e  U. S. F o r e s t  
Serv ice  m i t i g a t e d  t h e s e  problems i n  March 1981. 

I n  p r e p a r a t i o n  f o r  t h i s  s a l e  Union Oil Company 
d r i l l e d  two u n s u c c e s s f u l  deep product ion  wells i n  
t h e  summer of 1979. Union v e r b a l l y  p r e s e n t e d  d a t a  
from t h e s e  w e l l s  t o  t h e  geothermal  i n d u s t r y  p r i o r  
t o  t h e  rescheduled  KGRA sale a t  a Bay Area s e c t i o n  
meet ing of t h e  Geothermal Resources Counci l .  Some 
of t h i s  m a t e r i a l  has  l a te r  appeared i n  p r i n t  
(Gambill , 198 1). 

The Union Mammoth No. 1 w e l l  has  a double  temp- 
e r a t u r e  r e v e r s a l  wi th  a 60°C tempera ture  decrease  
below t h e  r e v e r s a l .  The Clay P i t  w e l l  was a l s o  
q u i t e  d i s c o u r a g i n g  wi th  a bottomhole tempera ture  
of 147°C a t  1846 m. More i m p o r t a n t l y ,  t h e s e  two 
wells demonstrated t h a t  a high-temperature  geo- 
thermal  r e s e r v o i r  i s  n o t  p r e s e n t  benea th  two of 
t h e  most impress ive  s u r f i c i a l  m a n i f e s t a t i o n s  i n  
t h e  c a l d e r a .  The t h r e e  deep wells w i t h i n  t h e  c a l d -  
e r a  have demonstrated t h a t  much of t h e  c a l d e r a  i s  
not u n d e r l a i n  by a geothermal  r e s e r v o i r .  Conse- 
q u e n t l y  t h e  e x p l o r a t i o n  focus  has  s h i f t e d  t o  the  
unexplored wes tern  t h i r d  of t h e  c a l d e r a .  

The lease sale f o r  t h e  c e n t r a l  p a r t  of  t h e  c a l d -  
era was h e l d  i n  October ,  1981, a f t e r  t h e  a p p e a l  had 
run  i t s  course .  A f i n a l  lease s a l e  was l a t e r  sched- 
u led  f o r  September 1982, t o  i n c l u d e  most of t h e  
wes tern  t h i r d  of t h e  c a l d e r a .  This  lease sale  was 
delayed due t o  a p p e a l s  by environmental  f a c t i o n s  t o  
J u l y ,  1983. 

Long Val ley h a s  been t h e  s i t e  of t h e  most f r i c -  
t i o n  between t h e  geothermal  i n d u s t r y ,  ,government, 
and envi ronmenta l  f a c t i o n s  i n  t h e  province .  How- 
e v e r ,  a d d i t i o n a l  deep e x p l o r a t o r y  wells w i l l  be 
d r i l l e d  i n  t h e  c a l d e r a  and h o p e f u l l y  t h i s  e l u s i v e  
r e s e r v o i r  w i l l  be d iscovered  i n  t h e  n e a r  f u t u r e .  

THE FUTURE 

C u r r e n t l y  geothermal  e x p l o r a t i o n  f o r  high-temp- 
e r a t u r e  r e s e r v o i r s  i s  s t a g n a n t  (Edmiston, 1982), a 
r e s u l t  of t h e  modest d e c l i n e  i n  t h e  p r i c e  of the  
p r i n c i p a l  forms of energy.  Most known r e s e r v o i r s  
i n  t h e  Basin and Range province  have margina l  temp- 
e r a t u r e s  under  p r e s e n t  economic c o n d i t i o n s .  Any 
s i g n i f i c a n t  a d d i t i o n a l  d e c l i n e  i n  energy p r i c e s  
could r e n d e r  most and p o s s i b l y  a l l  of t h e s e  reser- 
v o i r s  noncompeti t ive.  A c o l l a p s e  of OPEC could 
create such  a d e c l i n e .  U n t i l  energy prices s t a b -  
i l i z e  o r  i n c r e a s e ,  geothermal  e x p l o r a t i o n  f o r  
undiscovered r e s e r v o i r s  w i l l  c o n t i n u e  a t  a low 
l e v e l  w i t h  fewer  than f o u r  w i l d c a t  wells be ing  
d r i l l e d  i n  t h e  province  each year .  

There could  s t i l l  be s i g n i f i c a n t  development 
d r i l l i n g  a c t i v i t y  on t h e  d iscovered  r e s e r v o i r s .  
i s  c r u c i a l  t h a t  t h e  geothermal  i n d u s t r y  prove a s  

It 
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soon a s  p o s s i b l e ,  t h a t  a t  l e a s t  one of t h e  d iscovered  
r e s e r v o i r s  i n  t h e  tempera ture  range of 200-220°C is  
capable  of power gene ra t ion .  I n  a l l  l i k e l i h o o d  t h e  
f i r s t  power p l a n t s  on each  r e s e r v o i r  w i l l  be demon- 
s t r a t i o n  f a c i l i t i e s  of 10  o r  20 mw. A t  t h i s  time 
i t  i s  no t  p o s s i b l e  t o  p r e d i c t  when o r  how many of t h e  
r e s e r v o i r s  w i l l  be developed. 

Long-term e x p l o r a t i o n  f o r  new r e s e r v o i r s  w i l l  
con t inue ,  a l though  a t  a much s lower  pace than  i n  
t h e  p a s t  decade. Most f u t u r e  d i s c o v e r i e s  w i l l  
e i t h e r  have t o  be b l i n d ,  l i k e  Deser t  Peak; deep ,  
l i k e  Dix ie  Va l l ey ;  or r e i n t e r p r e t a t i o n s  of some 
a l r e a d y  d r i l l e d  a r e a s .  Thermal systems wi th  b o i l -  
i n g  s p r i n g s  and l a r g e  exposed s i l i c e o u s - s i n t e r  
d e p o s i t s  such as Beowawe, Roosevelt  Hot Spr ings ,  
Steamboat Spr ings ,  and Brady's Hot Spr ings  have 
been d r i l l e d ,  Temperatures of new d i s c o v e r i e s  
g e n e r a l l y  w i l l  n o t  exceed 220OC as t h e r e  i s  no 
ev idence  t o  expec t  any new d i s c o v e r i e s ,  o t h e r  than  
Long Val ley  and p o s s i b l y  t h e  Mono Craters, t o  be 
c l o s e l y  a s s o c i a t e d  w i t h  sha l low s i f i c i c -magma  
chambers. 

In s p i t e  of a l l  t h e  e x p l o r a t i o n  t o  d a t e  i n  the  
n o r t h e r n  Basin and Range p rov ince ,  many a r e a s  i n  
excess  of 200 km2 do no t  c o n t a i n  even a s i n g l e  
sha l low tempera ture-gradien t  h o l e .  There has  
not  been a deep w e l l  d r i l l e d  i n  any of t h e  major,  
h igh - re l i e f  mountain ranges .  
be s a i d  f o r  deep tempera ture-gradien t  ho le s .  
S i m i l a r l y ,  t h e  a r e a s  of Recent maf ic  volcanism 
such as Lunar C r a t e r  o r  t h e  Owens Val ley  have a l s o  
been v i r t u a l l y  ignored .  It i s  not  l i k e l y  t h a t  a l l  
t h e  h igh- tempera ture  r e s e r v o i r s  have been d iscovered ,  
Fu tu re  d i s c o v e r i e s  w i l l  p robably  be concen t r a t ed  
a long  t h e  e a s t  o r  west margins of t h e  province ,  o r  
i n  t h e  v i c i n i t y  of t h e  Carson Sink. 

The same may g e n e r a l l y  
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APPENDIX I 

WELL SUMMARY FOR ROOSEVELT HOT SPRINGS, UTAH 

Well Date Locat i o n  Depth S t a t u s  T Max Operator 
(m) ("C) 

Unnamed 

Roosevelt  
KGRA 9-1 

Roosevelt  
KGRA 3-1 

Roosevel t 
KGRA 54-3 

Roosevelt  
KGRA 12-35 

Ro os e ve 1 t 
KGRA 13-10 

Roosevelt  
KGRA 82-33 

Utah S t a t e  
14-2 

Roosevelt  
HSU 25-15 

Utah S t a t e  
72-16 

Utah S t a t e  
24-36 

Roosevelt  HS 
KGRA 52-21 

Roosevel t 
HSU 27-3 

Roo s eve  1 t 
HSU 35-3 

Beowawe 1 

Beowawe 2 

Vulcan 1 

Vulcan 2 
r e d r i l l  

1967 

1975 

1975 

1975 

1975 

1975 

1975 

1976 

1976 

1976 

1977 

1978 

1982 

1982 

1959 

1960 

1961 

1962 

NW NE Sec, 16 
T27S, R9W 

NE NW Sec. 9 
T27S, R9W 

SW NE Sec, 3 
T27S, R9W ' 

SW NE See. 3 
T27S, R9W 

NW NW Sec, 35 
T26S, R9W 

SW NW See. 10 
T27S, R9W 

NE NE Sec. 33 
T26Sy R9W 

SW NW Sec, 2 
T27S, R9W 

NW SW Sec. 15 
T27S, R9W 

SE NE Sec. 16 
T27S, R9W 

SW NW Sec. 36 
T27S, R9W 

NW NE See. 2 1  
T27S, R9W 

SW SW See. 3 
T27S, R9W 

NE SW Sec. 3 
T27S, R9W 

82 

2098 

830 

878 

2232 

1631 

1837 

1862 

2286 

38 2 

1865 

2286 

1042 

795 

Plugged 

DrY 

Producer 

Producer 

Non- 
C o m e r  c i  a1 
Producer 

Producer 

In j e c t o r  

Producer 

Producer 

Producer 

k Y  

Dry 

Producer 

Produce r 

WELL SUMMARY FOR BEOWAWE, NEVADA 

SW NW Sec. 17 164 Plugged 
T31N, R48E 

SW NW Sec. 17 218 Producer 
T31N, R48E 

SE NW Sec. 17 200 Plugged 
T31N, R48E 

SE NW Sec, 17 220 Producer 
T31Ny R48E 

132 

227 

NA 

NA 

NA 

NA 

NA 

27 1 

NA 

243 

NA 

206 

NA 

NA 

NA 

212 

208 

208 

Dr. Eugene Davie 

Phi 11 i p s  

P h i l  l i p s  

P h i l  l i p s  

P h i l  l i p s  

P h i l  l i p s  

Phi 1 1 i p s  

Thermal Power 

Phi 11 i p s  

Thermal Power/ 
O'Brien 

Thermal Power 

Getty 

P h i l l i p s  

Phi 1 l i p s  

Magma 

Magma 

Vulcan Thermal* 
Power Co. 

Vulcan Thermal* 
Power Co . 
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Well Date Locat i o n  Depth S t a t u s  T Max Operator  
(m> ("C> 

Vulcan 3 
r e d r i l l  

Vulcan 4 

Vulcan 5 

Vulcan 6 

S i e r r a  
P a c i f i c  1 

S i e r r a  
P a c i f i c  2 

S i e r r a  
P a c i f i c  3 

S i e r r a  
P a c i f i c  4 

Ginn 1-13 

Batz No. 1 

Ross i  21-19 

Ross i  21-19 
deepened 

Beowawe 
33-17 

Beowawe 
85-18 

Co 11 i n s  
No. 1 

1962 

1961 

1963 

1963 

1964 

1964 

1965 

1965 

1973 

1975 

1975 

1979 

1979 

1979 

1981 

SE NW Sec. 17 
T31N, R48E 

Sec. 17 
T32N, R48E 

SW NE Sec. 17 
T31N, R48E 

SW NE Sec. 17 
T31N, R48E 

NE SW Sec. 17 
T31N, R48E 

NE SW Sec. 17 
T31N, R48E 

SW NW Sec. 17 
T31N, R48E 

NW NW Sec. 17 
T31N, R48E 

SE SE Sec. 13 
T31N, R47E 

NW NE Sec. 17 
T31N, R48E 

NW NW Sec. 19 
T31N, R48E 

NW NW Sec. 19 
T31N, R48E 

SE NW Sec. 17 
T31N, R48E 

NE NE Sec. 18 
T31N, R48E 

NE SE Sec. 17 
T31N, R48E 

244 

234 

72 

145 

283 

127 

62 5 

306 

2911 

1829 

1732 

2199 

360 

1807 

2745 

Plugged 

Plugged 

Plugged 

Plugged 

I d l e  

I d l e  

Abandoned 

I d l e  

Producer 

I d l e / I n j  

Non- 
Producer 

Non- 
Producer  

Producer 

Producer 

Abandoned 

210 

NA 

NA 

139 

81 

NA 

196 

133 

216 

124 

NA 

204 

185 

180 

134 

* A s s o c i a t e d / a f f i l i a t e d  w i t h  Magma 

WELL SUMMARY FOR BRADY'S HOT SPRINGS--DESERT PEAK. NEVADA 

Brady No. 1 1959 NE SW Sec. 12 546 Dry 179 
T22N, R26E 

165 Producer Brady No. 2 1959/ NE SW Sec. 12 73 
1960 T22N, R26E 

157 Producer Brady No. 3 1960 SE NW Sec. 12 610 
T22N, R26E 

Vulcan Thermal* 
Power Co. 

Vulcan Thermal* 
Power Co. 

Vulcan Thermal* 
Power Co. 

Vulcan Thermal* 
Power Co. 

S i e r r a  P a c i f i c  

S i e r r a  P a c i f i c  

S i e r r a  P a c i f i c  

S i e r r a  P a c i f i c  

Chevron/American 
Thermal Resources 

Magma / Dow 

Chevron 

Chevron 

Chevron 

Chevron 

Get ty  

Magma 

Magma 

Magma 
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We1 1 Date Locat  i o n  Depth S t a t u s  T Max O p e r a t o r  
(m) ("C) 

Brady No+ 4 

Brady No. 5 

Brady No, 6 

R. Brady 
EE No. 1 

Des e r t Peak 
29-1 

S.P. Brady 
No. 1 

S,P, Brady 
No. 2 

Brady No. 8 

Des e r t Peak 
B21-1 

Desert Peak 
B21-2 

Desert Peak . 
B23-1 

Desert Peak 
86-2 1 

Desert Peak 
22-22 

Camp bell 
E- 1 

Campbe 11 
No. 1 

Campbe 11 
"E" No, 2 

S.W. Lamb 
No. 1 

Dixie F e d e r a l  
45-14 

1961 

1961 

1961/ 
1962 

1964 

1974 

1974 

1975 

1975 

1976 

1976 

1979 

1982 

1982 

SE NW Sec. 12 
T22N, R26E 

SE NW Sec.  12  
T22N, R26E 

SW NE See. 12 
T22N, R26E 

SE NW Sec. 12 
T22N, R26E 

S E  SE Sec.  29 
T22N, R27E 

SW SE Sec. 1 
T22N, R26E 

NE SE Sec.  1 
T22N, R26E 

SE NW Sec.  12  
T22N, R26E 

SW SE Sec.  21 
T22N, R27E 

NE NE Sec.  21 
T22N, R27E 

SW NW Sec.  23 
T22N, R27E 

NE SE See ,  21 
T22N, R27E 

NW NW Sec ,  22 
T22N, R27E 

220 

549 

234 

1543  

2335 

2217 

1355 

1057 

1264 

97 3 

2938 

966 

2051 

Produce r 

Prod u c e  r 

Producer  

Unknown 

Dry 

Non - 
Commer c i  a1 

Non- 
Commercial 

Producer  

Producer  

Producer  

I d l e  

Producer  

Id  l e  

WELL S ~ R Y  FOR H~BOLDT HOUSE, ~ V A D A  

1977 SE SE Sec.  21 559 Producer  
T31N, R33E 

1978 SE NE Sec.  3 2080 Dry 
T31N, R33E 

1979 NE SW Sec.  15 2457 Dry 
T31N, R33E 

WELL SUMMARY FOR D I X I E  VALLEY, NE 

1978 NW NW Sec.  18 2211 Producer  
T24N, R37E 

1979 NE SW Sec.  14  2750 Nan- 
T23N, R35E Produce r 

171  

171 

162 

212 

1 6 5  

188 

148 

17 1 

208 

200 

213 

208 

209 

183 

205 

193 

NA 

197 

Magma 

Magma 

Magma 

E a r t h  
Energy 

Phi  1 l i p s  

Union 

Magma 

Magma 

Phi  1 l i p s  

P h i l l i p s  

P h i l  l i p s  

P h i l l i p s  

P h i l  l i p s  

Phi  I 1 i p s  

Union 

P h i  1 l i p s  

SUNEDCO 

Thermal Power/ 
South land  R o y a l t y  
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Well Date L o c a t i o n  Depth S t a t u s  T Max O p e r a t o r  
( m >  ("C) 

Dixie F e d e r a l  
66-2 1 

S. W. Lamb 
No. 2 

S. W. Lamb 
No. 2b 

S. W. Lamb 
No. 3 

F e d e r a l  62-2 1 

F e d e r a l  84-7 

Dixie F e d e r a l  
52-18 

F e d e r a l  45-5 

F e d e r a l  65-18 

1-29 

44-5 

84-33 

Rod e o We 1 1 

Nevada 
Thermal 
Power 1 

Nevada 
Thermal 
Power 2 

Nevada 
Thermal 
Power 3 

1979 

1979 

1979 

1979 

1980 

1980 

1980 

1981 

1981 

1974 

1978 

1981 

1950 

1959 

1959 

1960 
( ? I  

NW SE Sec. 21 2981 Non- 
T24N, R36E Produce r  

NW NW Sec.  18 27 13 Produce r  
T24N, R37E 

NW NW Sec. 18 2591 Suspended 
T24N, R37E 

NW NW Sec.  18 2809 P roduce r  
T24N, R37E 

NE NE Sec.  21 3810 Non - 
T24N, R37E Pr o d u ce r 

SE NE Sec. 7 248 1 Produce r  
T24N, R37E 

SE NE Sec.  18 3005 P roduce r  
T24N, R37E 

SE NW Sec.  5 2518 P roduce r  
T24N, R37E 

NE SE Sec.  18 2836 P roduce r  
T24N, R37E 

WELL SUMMARY FOR SODA LAKE. NEVADA 

SE SE Sec. 29 1312 P roduce r  
T20N, R28E 

SE NW Sec. 5 1545 Dry 
T19N, R28E 

SE NE Sec.  33 2587 P roduce r  
T20N, R28E 

WELL SUMMARY FOR STEAMBOAT SPRINGS, NEVADA 

NE NW Sec. 33 86 Unknown 
T18N, R20E 

NW NE Sec. 33 558 Non- 
T18N, R20E C omme r c i a1 

NE NW Sec. 33 294 Unknown 
T18N, R20E 

NW NE Sec.  32 38 5 Unknown 
T18N, R20E 

205 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

172 

121 

204 

* 

169 

NA 

NA 

NA 

Thermal Power/ 
Sou th land  R o y a l t y  

SUNEDCO 

SUNEDCO 

SUNEDCO 

SUNEDCO 

SUNEDCO 

SUNEDCO 

SUNEDCO 

SUNEDCO 

Chevron / 
P h i l l i p s  

Chevron / 
Phi  1 l i p s  

Chevron / 
Phi  1 l i p s  

Unknown 

Nevada Thermal** 
Power Co. 

Nevada Thermal** 
Power Co. 

Nevada Thermal** 
Power Co. 
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T Max O p e r a t o r  Well Date b c a t i o n  Depth S t a t u s  
(m 1 "C) 

Nevada 1960 NE NW Sec.  24 22 1 Non - 186 
Thermal T18N, R20E Commercial 
Power 4 

Nevada 1961 NW NW Sec .  32 252 Unknown 175 
Thermal T18N, R20E 
Power 5 

Nevada 1961 NW NE Sec.  32 218 Unknown 179 
Thermal T18N, R20E 
Power 6 

Steamboat  1979 NW NW See .  5 929 Producer  2 28 
i/ 1 T17N, R20E 

cox 1-1 1981 SW NE Sec .  32 1058 Non- 177 
T18N, R20E Commercial 

Producer  

* O t h e r  s h a l l o w  wells h a v e  b e e n  d r i l l e d  i n  t h e  v i c i n i t y  of  the h o t  
s p r i n g s  b u t  t h e y  are p o o r l y  documented and i t  is  n o t  known which ,  
i f  a n y ,  were i n t e n d e d  f o r  e lectr ical  g e n e r a t i o n .  

f*  A s s o c i a t e d / a f f i l i a t e d  w i t h  Magma 

WELL SUMMARY FOR COSO, CALIFORNIA 

CGEH-1 

75-7 cos0 

31-8 COSO 

71-7 COSO 

75A-7 COSO 

75B-7 COSO 

71A-7 COSO 

Mammoth No.1 

Endogeneous 
No. 1 

Endogeneous 
No. 2 

1977 SW NE See.  6 1477 Plugged 
T22S, R39E 

1981 NE SE See.  7 405 Producer  
T22S, R39E 

1982 NE NW Sec.  8 1226 Producer  
T22S, R39E 

1982 NE NE Sec .  7 623 Producer  
T22S, R39E 

1982 NE SE See.  7 465 Producer  
T22S, R39E 

1982 NE SE Sec.  7 523 Producer  
T22S, R39E 

1982 NE NE Sec.  7 640 Producer  
T22S, R39E 

WELL S~~ FOR LONG VALLEY, C A L I F O ~ I A  

1959 NW NE Sec. 32 324 Producer  
T3S, R28E 

1960 SW NW Sec.  32 192 Producer  
T3S, R28E 

1960 SW NW Sec.  32 247 Producer  
T3S, R28E 

195 

213 

NA 

NA 

NA 

NA 

NA 

148 

178 

174 

Nevada Thermal** 
Power Co. 

Nevada Thermal ** 
Power Co. 

Nevada Thermal** 
Power Co. 

P h i l l i p s  

P h i  1 l i p s  / Gu 1 f 

Dept of Energy 

C a l i f o r n i a  
Energy 

C a l i f o r n i a  
Energy 

C a l i f o r n i a  
Energy 

C a l i f o r n i a  
Ene r gy 

C a l i f o r n i a  
Energy 

C a l i f o r n i a  
Energy 

Magma 

Magma / 
Endogeneous 
Power Co. 

Magma / 
Endogeneous 
Power Go. 
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Well Date Loca t ion  Depth S t a t u s  T Max Operator 
( m )  (“C) 

Endogeneous 
No.3 

Endogeneous 
No. 4 

Chance No.1 

Endogeneous 
No. 5 

Endogeneous 
No. 6 

Endogeneous 
NO. 7 

Long Val ley 
66-29 

Clay P i t  
No. 1 

Mammoth 
No. 1 

1960 

1961 

1961 

1962 

1962 

1962 

1976 

1979 

1979 

SW NW Sec. 32 
T3S, R28E 

SW NW Sec. 32 
T3S, R28E 

SW NW Sec. 35 
T3S, R28E 

SW NW Sec. 32 
T3S, R28E 

SE NW Sec. 32 
T3S, R28E 

SW Nw Sec. 32 
T3S, R28E 

NW SE Sec. 29 
T3S, R29E 

NE NE Sec. 15  
T3S, R28E 

SE NW See. 32 
T3S, R29E 

174 

NA 

245 

123 

230 

204 

2109 

1846 

1604 

Producer 

NA 

NA 

NA 

NA 

NA 

Dry 

k Y  

Dry 

172 

NA 

135 

NA 

NA 

NA 

72 

147 

157 

Magma / 
Endogeneous 
Power Co. 

Magma / 
Endogeneous 
Power Co. 

Magma / 
Endogeneous 
Power Co. 

Magma / 
Endogeneous 
Power Co. 

Magma / 
Endogeneous 
Power Co. 

Magma / 
Endoge neous 
Power Co. 

Re pu b 1 i c 

Union 

Union 

80 


