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The w e l l  CGEH-1 (Cos0 Geothermal E x p l o r a t o r y  Hole N o .  1) 

w a s  d r i l l e d  a t  t h e  China Lake Naval Weapon Cente r  under  t h e  s u p e r v i s i o n  

of DOE/NVO and CER C o r p o r a t i o n  by Big 0 D r i l l i n g  Company. They s tar ted 

d r i l l i n g  on 2 September 1977 and completed t h e  well on 1 December 1977 

t o  4845 fee t .  The w e l l  i s  an e x p l o r a t o r y  h o l e  t o  de te rmine  g e o l o g i c a l  

and h y d r o t h e i n a l  c h a r a c t e r i s t i c s  of t h e  C o s 0  H o t  S p r i n g s  KGRA. 

During d r i l l i n g ,  numerous g e o p h y s i c a l  and t e m p e r a t u r e  s u r v e y s  were 

performed t o  e v a l u a t e  t h 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  of CGEH-1. 

LBL performed e i g h t  t empera tu re  s u r v e y s  a f te r  complet ion o f  t h e  w e l l  

t o  estimate e q u i l i b r i u m  reservoir t empera tu res .  

were o b t a i n e d  by USGS and LBL, and a s ta t ic  p r e s s u r e  p r o f i l e  w a s  

o b t a i n e d .  

Downhole f l u i d  samples 

Two f l o w  tes ts  were a t t empted  i n  1978. The first t e s t  began 

September 5 ,  1978 used n i t r o g e n  s t i m u l a t i o n  t o  i n i t i a t e  flow, b u t  

r e s u l t e d  i n  small f l o w  and subsequen t  f i l l i n g  of t h e  bottom h o l e  w i t h  

d r i l l  c u t t i n g s .  The second tes t ,  5n November 2 ,  1978, u t i l i z e d  a n i t r o g e n -  

foam-water m i x t u r e  t o  c l e a n  r e s i d u a l  par t ic les  from bottom h o l e  and 

n i t r o g e n  w a s  t h e n  used t o  s t i m u l a t e  t h e  w e l l .  The w e l l  a g a i n  w a s  d r y  

a f t e r  s t i m u l a t i o n .  Water i n f l u x  w a s  c a l c u l a t e d  a t  4-5 gal/min as t h e  

w e l l  f i l l e d  a f t e r  un load ing  of t h e  wellbore. 

F i g u r e  1 shows t h e  l o c a t i o n  of C o s 0  H o t  S p r i n g s .  F i g u r e  2 

i l l u s t r a t e s  t h e  l o c a t i o n  of CGEH-1 re la t ive  t o  h e a t  flow c o n t o u r s  

o b t a i n e d  by A W A  (Advanced Research P r o j e c t s  Agency) and DOE h e a t  

f l o w  h o l e s .  

performed (1-18) pr ior  t o  t h e  d r i l l i n g  of CGEH-1. However, t h e  

g e o l o g i c a l  characteristics o f  t h e  Cos0 area are r a t h e r  complex. 

i s  i l l u s t r a t e d  i n  t h e  aforement ioned r e f e r e n c e s .  The area c o n s i s t s  

e s s e n t i a l l y  of a r i n g  f r a c t u r e  zone l o c a t e d  i n  t h e  b a s i n  and range  

p r o v i n c e  east of t h e  S i e r r a  Nevada range ( 1 9 ) .  

g e n e r a l i z e d  a l t e r a t i o n ,  g e o p h y s i c a l  c h a r a c t e r i s t i c s ,  and a c t i v e  thermal 

areas i n  t h e  C o s 0  H o t  S p r i n g s  a r e a .  

Numerous g e o l o g i c a l  and geophys ica l  s t u d i e s  were 

T h i s  

F i g u r e  3 i l l u s t r a t e s  
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WELL COMPLETION--CGEH-1 

The d r i l l  s i t e  i s  on r h y o l i t e  p y r o c l a s t i c  d e b r i s  covering a g r a n i t e  

complex. Rhyo l i t e  d ikes  i n t r u d e  and are probably contemporaneous w i th  

t h e  ex t ruded  r h y o l i t e  domes i n  t h e  v i c i n i t y .  F a u l t s  and f r a c t u r e  zones 

had a s t r o n g  in f luence  i n  ho l e  d i r e c t i o n  and p e n e t r a t i o n  r a t e s .  

shows t h e  s u r f a c e  p r o j e c t e d  h o r i z o n t a l  d e v i a t i o n . o f  t h e  w e l l .  Maximum 

h o r i z o n t a l  displacement  w a s  c a l c u l a t e d  t o  be 375 f e e t  a t  S70" 20'W. 

A s  shown i n  t h e  f i g u r e ,  t h r e e  l a r g e  meanders i n  t h e  wel lbore  occur red  

dur ing  d r i l l i n g .  

feet  ( t o t a l  d r i l l e d  depth ,  4845). 

F igure  4 

F i n a l  bottom ho le  v e r t i c a l  depth i s  approximately 4815 

F igu re  5 is  a synops is  o f  t h e  completion record .  Three l a r g e  mud 

l o s s e s  occur red  a long  t h e  cased p o r t i o n  of  t h e  w e l l  (CGEH-1 is cased  t o  

3488 f e e t ) .  A n  i n f l u x  o f  water a t  a rate  of  90 BPH w a s  observed a t  about  

1900 feet .  Above t h i s  zone, a t  about  1660 f e e t ,  running c l a y  and g r a v e l  

en t e r ed  t h e  wel lbore .  The g rave l  w a s  subangular and t h e  c l a y  is a c t u a l l y  

powdered g r a n i t e  wi th  c lay- s ized  part ic les .  Numerous mud l o s s e s  

occur red  below 3500 f e e t .  However, it is  no t  known whether t h i s  mud 

went i n t o  t h e  f r a c t u r e d  zone near  3500 f e e t  o r  i f  o t h e r  f r a c t u r e s  i n t e r s e c t  

t h e  w e l l  b e l o w  t h i s  p o i n t .  

THERMAL EQUILIBRIUM PERIOD , December 1977--September 1978 

LBL perfcrmed e i g h t  temperature  surveys ( 2 1 )  be fo re  t h e  f i r s t  f low 

t es t .  The f i n a l  recorded m a x i m u m  temperatuice w a s  382°F a t  1900 f e e t .  

The water l e v e l  v a r i e d ,  b u t  w a s  found a t  approximately 890 f e e t .  

6 shows f i v e  of  e i g h t  temperature  surveys.  

zones above 3500 f e e t  (1900, 2700, 3500 f e e t )  where l a r g e  mud l o s s e s  

occur red  dur ing  d r i l l i n g  show a t y p i c a l  temperature  d i s t r i b u t i o n  i n d i c a t i n g  

t h a t  t h e  formation w a s  cooled from mud en t ry .  However, zones below 

3500 f e e t  where numerous mud l o s s e s  are observed do  n o t  i l l u s t r a t e  

t h i s  abnormal behavior .  This  seems t o  i n d i c a t e  t h a t  t h e  mud l o s s e s  

below 3500 f ee t  probably e n t e r e d  the l a r g e  f r a c t u r e  zone 

above 3500 f e e t  and n o t  i n t o  f r a c t u r e s  below t h e  po r t i on  of t h e  w e l l  

t ha t  w a s  subsequent ly  cased.  

F igure  

The f i g u r e  i l l u s t r a t e s  t h a t  

However, t h e r e  w a s  a l a r g e  mud loss a t  T.D. 

Downhole chemical samples (21) of  wel lbore f l u i d  were a l s o  ob t a ined  

dur ing  t h i s  i n i t i a l  equ i l i b r ium per iod .  Dis:solved s i l i c a  concen t r a t i ons  

from bottom ho le  sampels i n d i c a t e  a temperature  of  338°F (201/mb/l). 

S i l i c a  temperatures  a t  2740 fee t  w e r e  c a l a u l a t e d  t o  be 194°F (40 m b / l ) .  
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The cause of  t h e s e  d i s c r epanc i e s  i s  unknown. However, t h e  d r i l l  pipe 

was s tuck  a t  3488 f o r  a s h o r t  per iod .  P i p e  release and d i e s e l  f u e l  

were added t o  f r e e  t h e  d r i l l  b i t .  The presence of r e s i d u a l  o rgan ic s  

i n  t h e  wellbore might exp la in  l o w  s i l i c a  concen t r a t i ons  observed a t  

t h e  2700 f o o t  depth.  (23) 

FLOW TEST 1 

The f irst  extended flow tes t  w a s  c a r r i e d  o u t  September 5 t o  8, 

1978. During t h e  w e l l  s t i m u l a t i o n  and subsequent flow t h e  wel lhead 

temperature w a s  262.5"F (128OC) and t h e  d i scharge  tube  temperature  was 

250°F (123OC). This  occur red  dur ing  t h e  n i t rogen  l i f t  a t  300 CFM of  

hea t ed  N with t h e  tube a t  2060 fee t .  The n i t rogen  flow r a t e s  w e r e  

va r i ed  as t h e  tube w a s  lowered t o  t h e  f i n a l  dep th ,  4590 fee t .  When 

t h e  n i t rogen  w a s  s h u t  o f f ,  t h e  flow decreased t o  n e a r l y  a tmospheric  

p r e s s u r e  a t  t h e  d i scharge  tube wi th in  one-half hour.  The wel lhead 

temperature  dropped a t  95OC a t  t h i s  p o i n t .  Within f i v e  minutes of 

s h u t t i n g  o f f  t h e  n i t rogen ,  t h e  flow had decreased apprec iab ly .  The 

w e l l  was then  pressured  wi th  2000 p s i  p r e s su re  at t h e  n i t r o g r e n  t r u c k  

f o r  one-half hour.  A t  t h i s  t i m e ,  t h e  tub ing  w a s  t e rmina ted  a t  

4590 f e e t  downhole. The wellhead p r e s s u r e  a t  t h i s  t i m e  w a s  370 p s i  

and n i t rogen  was pumpted a t  200 cfm. 

an unknown q u a n t i t y  of water ,  then d i ed .  An a t tempt  w a s  made t o  f i n d  

a l i q u i d  l e v e l  wi th  t h e  N b u t  t h e  attempt w a s  unsuccess fu l .  The 

N t ub ing  was then  lowered t o  4700 f e e t  b u t  no n i t rogen  r e t u r n s  

were observed and t h e  n i t rogen  p re s su re  reached 3000 ps i .  

t ub ing  was removed, t h e  lower 250 

and c l a y .  A t  t h i s  p o i n t  the flow t e s t i n g  w a s  t e rmina ted .  

2 

The we l l  w a s  open and unloaded 

2 '  

2 
When the 

feet of t ub ing  w a s  plugged wi th  sand 

FLOW TEST 2 

The second flow tes t  u t i l i z e d  a nitrogen-foam-water mixture  t o  

c l e a n  t h e  bottom p o r t i o n  of t h e  w e l l  below 4700 feet .  

c leanup and s t i m u l a t i o n  began on November 5,1978 by i n j e c t i n g  foam 

a t  1000 f e e t  and s lowly lowering t h e  i n j e c t i o n  tube  whi le  con t inu ing  

t o  pump foam. Good r e t u r n s  w e r e  ob ta ined  dur ing  t h e  descent .  A 

wellhead sample of t h e  foam w a s  t aken  f o r  a n a l y s i s .  

l a r g e  amount of g rey  c l a y- l i k e  material  en t r a ined  i n  t h e  foam. 

a n a l y s i s  by R. Clark (DOE/NVO) i n d i c a t e d  t h a t  t h e  material w a s  f i n e  

The w e l l  

The sample showed 

Subsequent 
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powdered g r a n i t e ,  n o t  c l ay .  A t  t h i s  p o i n t  over  100 f e e t  o f  material 

w a s  be ing  c i r c u l a t e d  o u t  o f  t h e  w e l l ,  b u t  f u r t h e r  p rog re s s  w a s  n o t  

p o s s i b l e  due t o  an o b s t r u c t i o n  a t  4695 f e e t .  An attempt w a s  made t o  

withdraw t h e  t ub ing ,  b u t  it could only move a maximum of about  60 f e e t  

upward. 

more than  about  60 f e e t  upward. The tub ing  was wprked up and down 

a f e w  t i m e s  and f i n a l l y  came f r e e .  However, when it came t o  t h e  s u r f a c e  

t h e r e  w a s  about 145 fee t  t h a t  had been l e f t  i n  t h e  w e l l .  

The tub ing  moved f r e e l y  downward, b u t  could n o t  be withdrawn 

During t h e  c leanout  procedure,  f l u i d  samples were taken  from a 

tube a t  t h e  wel lhead us ing  a high- pressure needle  va lve  f o r  meter ing.  

This  va lve  was subsequent ly  plugged wi th  sand g r a i n s  brought  up w i t h  

t h e  foam. The sand w a s  r e t a i n e d  as a sample of  t h e  material removed 

f r o m  t h e  w e l l .  Before removing t h e  n i t rogen  i n j e c t i o n  tube ,  t h e  w e l l  

w a s  c leaned  t o  4695 f e e t  by c i r c u l a t i n g  a water-foam mixture  f o r  

fou r  hours .  A f t e r  fou r  hours ,  t h e  w e l l  w a s  c leaned  by pumping c l e a n  

water f o r  one hour followed by n i t rogen  u n t i l  t h e  w e l l  reached i t s  

maximum flowing temperature  and p r e s s u r e  a t  t h e  c r i t i c a l  d i s cha rge  

tube.  The n i t rogen  was s h u t  i n  and t h e  w e l l  flowed for less than  f i v e  . 

minutes ,  a f t e r  which t h e  temperature  and flow decreased r a p i d l y .  The 

wellhead temperature w a s  95OC and flow was e s s e n t i a l l y  pure steam. A f t e r  

t h e  n i t rogen  tube w a s  brought  t o  t h e  s u r f a c e  a d i f f e r e n t  end w a s  

made up t o  t r y  t o  pass t h e  blockage a t  4695 f e e t .  The w e l l  w a s  aga in  

foamed ( t h i s  t i m e  a t  3500 f e e t )  and t h e  tub ing  w a s  lowered a f t e r  r e t u r n s  

w e r e  ob ta ined .  The tub ing  encountered a block a t  4490 f e e t .  The w e l l  

w a s  aga in  cleaned and s t imu la t ed  w i th  n i t rogen .  The w e l l  aga in  d i e d  

i n  less than  f i v e  minutes a f t e r  s t i m u l a t i o n .  The n i t rogen  was t hen  

pumped a t  3000 ps i  wi th  t h e  wel lhead s h u t  i n  f o r  about  15 minutes .  

The 2" and 4" d ischarge  tubes  w e r e  t hen  opened. N o  show of water w a s  

seen ,  on ly  n i t rogen .  N o  subsequent show of water w a s  found wi th  t h e  

w e l l  open f o r  1 2  hours .  A wate r- l eve l  t o o l  w a s  then  used t o  monitor  

t h e  p o s i t i o n  of t h e  water l e v e l  i n  t h e  we l l .  The water l e v e l  w a s  f i rs t  

found a t  3645 f e e t .  This  w a s  about  23 hours a f t e r  t h e  f i n a l  p r e s s u r i z a t i o n  

and flow of  t h e  w e l l ,  and 1 2  hours  a f t e r  s h u t t i n g  i n  t h e  w e l l .  Th is  

is  an average i n c r e a s e  i n  water l e v e l  of  about  1 . 3  f t /min  2 4 gal/min. 

The water l e v e l  w a s  subsequent ly  monitored c l o s e l y  and it w a s  seen  t h a t  

t h e  t i m e  r equ i r ed  f o r  t h e  water l e v e l  t o  r ise 1 f o o t  w a s  dec reas ing  

s l i q h t l y  as t h e  h e i g h t  of t h e  water column inc reased .  This  cont inued 
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up t o  3460 f e e t ,  a t  which t i m e  t h e  rate of  f i l l i n g  began t o  decrease. 

S ince  t h e  l a t t e r  depth  i s  approximately t h e  depth  t o  which t h e  w e l l  

i s  cased ,  w e  are f o r c e d  t o  conclude t h a t  t h e  w e l l  w a s  n o t  f i l l i n g  f r o m  

t h e  bottom, b u t  i n s t e a d  t h e  water w a s  coming from t h e  w e l l  annulus  a t  

t h e  bottom of t h e  cas ing .  Following t h e  w e l l  f i l l - u p  measurements,  

t h e  t e s t i n g  was t e rmina ted .  

CONCLUSIONS 

The w e l l  was d r i l l e d  i n  ve ry  hard  rock.  I t  w a s  ex t r eme ly  

d i f f i c u l t  t o  p r e v e n t  d r i l l  b i t  wandering, and t h e  f i n a l  bot tomhole 

l o c a t i o n  is  Q, 374 f e e t  ( h o r i z o n t a l )  from t h e  wellhead l o c a t i o n  w i t h  

t h r e e  s e r i o u s  meanders (see F igu re  1). During t h e  moni tor ing  of t h e  

thermal  e q u i l i b r a t i o n ,  a t  leas t  15 downhole su rveys  were run  over a 

p e r i o d  of about  10  months. Our f i n a l  su rveys ,  before t h e  workover began,  

i n d i c a t e d  c o n s i d e r a b l e  f r i c t i o n  below t h e  c a s i n g .  During t h e  c l e a n o u t  

t h e  n i t r o g e n  t u b i n g  w a s  broken w i t h  a piece a p p a r e n t l y  lodged between 

4490 and 4635 f e e t .  T h i s  s u g g e s t s  t h a t  t h e  w e l l  is c u r r e n t l y  unuseable  

a t  t h e  p r e s e n t  t i m e  below abou t  4000 f e e t  due t o  e i t h e r  cable and 

w i r e l i n e  c u t s  i n  t h e  uncased curved w e l l ,  f r a c t u r e s  which have been 

opened d u r i n g  t h e  downhole a c t i v i t y ,  or opening of a f r a c t u r e  d u r i n g  

d r i l l i n g .  (The d r i l l  b i t  w a s  s t u c k  t empora r i ly  a t 4 7 7 1  f e e t . )  2o 

the w e l l  had abou t  200 f ee t  o f  dill, and s i n c e  t h e  flow seems 

t o  come dobm t h e  wellbore, t h e  t e n s i o n  could  a l so  have been due t o  a 

s t i c k y  l a y e r  of c l a y  (powdered g r a n i t e )  i n  t h e  w e l l .  I t  is  n o t  l i k e l y  

t h a t  t h e r e  are s e r i o u s  cable grooves below 4500 f e e t ,  and t h e  o r i g i n  of t h e  

f i l l  i s  unknown, hence it i s  l i k e l y  t h a t  t h e  t u b i n g  w a s  s t u c k  i n  a f r a c t u r e .  

S i n c e  

During d r i l l i n g  t h e r e  were s e v e r a l  c i r c u l a t i o n  losses w h i l e  

u s i n g  mud. The deepest c i r c u l a t i o n  loss occur red  a t  bot tomhole,  where 

more than  n, 1400 bbls (n, 59,000 g a l s )  o f  mud w a s  los t ,  as shown i n  F i g u r e  5. 

Th i s  l a r g e  q u a n t i t y  of mud, p l u s  t h e  material added t o  t h e  mud t o  p r e v e n t  

f u r t h e r  losses t o  t h e  f r a c t u r e ,  make product ion  from t h i s  zone ques t ion-  

able. The a p p a r e n t  l a c k  o f  s i g n i f i c a n t  i n f l u x  from t h e  lower 

zone ( r eca l l  t h a t  t h e  maximum i n f l u x  du r ing  w e l l  f i l l - u p  a f t e r  c l e a n o u t  

w a s  about  5 gals /min)  l e a d s  u s  t o  conclude t h a t  t h e  lower zone i s  n o t  

of s i g n i f i c a n t  i n t e r e s t  for p roduc t ion  of  geothermal  f l u i d s  a t  t h i s  

t i m e .  

s een  t o  be abou t  40°F cooler t h a n  t h e  zones which are about  h a l f  as 

deep.  

When t h e  t empera tu re  l o g  i s  exam.ined, t h e  bottomhole can be 
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The w e l l  w a s  cased t o  abou t  3500 feet. The l a r g e s t  mud losses 

d u r i n g  d r i l l i n g  occur red  i n  t h e  zone a d j a c e n t  t o  t h e  c a s i n g  shoe ,  i .e . ,  

i n  t h e  zone from 3260 t o  3500 f ee t ,  as shown i n  F igu re  2. 

I n  t h i s  zone,  up t o  4000 bbls  (168,000 g a l s )  of d r i l l i n g  mud and los t  

c i r c u l a t i o n  material  w a s  l o s t  ( n o t e  t h a t  t h i s  follows o n l y  i f  t h e  mud 

losses w h i l e  d r i l l i n g  from 3600 t o  % 4500 feet are a l l  assumed los t  i n  

t h i s  i n t e r v a l ) .  

i n  t h e  tempera ture  l o g s  t aken  d u r i n g  thermal  e q u i l i b r a t i o n  o f  t h e  w e l l  

as shown i n  F i g u r e s  5 and 6. I t  is  l i k e l y  t h a t  t h i s  zone i s  c o n t r i b u t i n g  

t h e  3-6 gpm of i n f l u x  t h a t  f i l l s  t h e  w e l l  when t h e  l a t t e r  i s  emptied 

d u r i n g  t h e  flow tests. The mud l o s t  i n  t h i s  zone h a s  a volume e q u a l  

about  20,000 f t  . Assuming a n  e f f e c t i v e  p o r o s i t y  of  10 p e r c e n t  w e  have 

a damage r a d i u s  which i s  a t  leas t  17 f e e t .  I f  t h i s  zone c o n t r i b u t e s  a l l  

o f  t h e  f l o w  t o  t h e  w e l l ,  t h e  head i s  3260-900 = 2360 f t .  = 1015 ps i .  

A t  385OF t h i s  is  w e l l  above t h e  s a t u r a t i o n  curve  for pu re  w a t e r ,  and 

imp l i ed  t h a t  t h e  f l u i d  sou rce  i s  l i q u i d ,  n o t  steam. The c h l o r i d e  

c o n t e n t  of t h e  w e l l  w a s  t h e  same a s  t h a t  a t  C o s 0  H o t  Sp r ings .  ’* 
p i e z i o m e t r i c  head a t  bo th  Cos0 Hot Spr ings  and CGEH-1 i s  approximate ly  

3500 f e e t  abou t  s e a  level .  

(20) 

T h i s  zone shows up as a broad tempera ture  d e p r e s s i o n  

t o  
3 

The 

While t h e  mud losses are n o t  q u i t e  so enormous i n  t h e  t w o  zones 

abou t  3200 f e e t  t h e y  are s t i l l  appreciable. One f r a c t u r e  w a s  encountered  

a t  % 2750 f ee t  where more t h a n  2100 bbls (% 88,000 g a l s )  of mud and 

v a r i o u s  m a t e r i a l s  were l o s t  d u r i n g  d r i l l i n g .  The s h a l l o w e s t  and h o t t e s t  

zone w a s  a t  2060 f e e t ,  where more t h a n  900 bbls (37,800 g a l s )  were lo s t .  

It is  also noteworthy t h a t  a t  1900 f e e t  a water i n f l u x  o f  a t  least 

60 gpm occur red  wh i l e  d r i l l i n g  under  p r e s s u r e  w i t h  a i r .  A swi t ch  t o  

mud w a s  made a t  t h a t  p o i n t ,  hence t h e r e  i s  no i n d i c a t i o n  of how much 

t h e  format ion  could  f low from t h a t  zone. 

S e v e r a l  water samples have been t aken  d u r i n g  t h e  cour se  of t h e  

w e l l  e q u i l i b r a t i o n  and du r ing  t h e  w e l l  tests .  

probably  came from t h e  zone n e a r  t h e  bottom o f  t h e  cas ing .  I t  i s  also 

l i k e l y  t h a t  t h e r e  h a s  been contaminat ion  o f  t h e  f l u i d  samples by 

d r i l l i n g  mud and o t h e r  f o r e i g n  material .  I t  i s  u n l i k e l y  t h a t  w e  have 

sampled t h e  uncontaminated r e s e r v o i r  f l u i d .  On t h e  o t h e r  hand,  i t  i s  

These wa te r  samples 

UI 
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e q u a l l y  u n l i k e l y  t h a t  t h e  sou rce  of f l u i d  nea r  CGEH-1 i s  a t  an  

app rec i ab ly  h i g h e r  t empera ture  t h a n  observed i n  t h i s  w e l l  (<  390OF). 

A l l  of t h e  sand ,  c l a y ,  and f l u i d  samples t h a t  were t aken  du r ing  t h e  

r e c e n t  work are be ing  h e l d  a t  LBL. 

Although numerous problems were encountered du r ing  t h e  d r i l l i n g  

of CGEH-1, it h a s  proved v a l u a b l e  i n  t h e  i n i t i a l  hydrogeologica l  

e v a l u a t i o n  of t h e  C o s 0  Hot Sp r ings  area. 

area is  neces sa ry  t o  p rov ide  a more complete e v a l u a t i o n ,  and t h e  

Cos0 Hot Sp r ings  KGRA shows promise f o r  development of power p roduc t ion  

or d i r e c t  h e a t  u t i l i z a t i o n .  
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Figu re  1. The location o f  the  China Lake Naval Weapons Center. 
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