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INTRODUCTION 

The well, Cos0 Geothermal Exploratory Hole No. 1 (CGEH-l), was 
drilled at the China Lake Naval Weapons Center under the supervision of 
DOE/NVO and CER Corporation by Big 0 Drilling Company. 
drilling on 2 September 1977, and completed the well on 1 December 1977 
to 4845 ft. The well is an exploratory hole to determine geological and 
hydrothermal characteristics of the Cos0 Hot Springs KGRA (Known Geother- 
mal Resource Area). During drilling, numerous geophysical and temperature 
surveys were performed to evaluate the geological characteristics of 
CGEH-1. LBL performed eight temperature surveys after completion of the 
well to estimate equilibrium reservoir temperatures. Downhole fluid 
samples were obtained by the U.S. Geological Survey (USGS) and Lawrence 
Berkeley Laboratory (LBL), and a static pressure profile was obtained. 

They started 

Two flow tests were attempted in 1978. The first test began 
September 5, 1978 using nitrogen stimulation to initiate flow; this 
procedure resulted in small flow and subsequent filling of the bottom 
hole with drill cuttings. The second test, on November 2, 1978, utilized 
a nitrogen-foam-water mixture to clean residual particles from bottom 
hole, following which nitrogen was again used to stimulate the well. The 
well remained dry after stimulation. 
gal/min as the well filled after unloading of the wellbore. 

Water influx was calculated at 4-5 

Figure 1 shows the location of Cos0 Hot Springs. Figure 2 
illustrates the location of CGEH-1 relative to heat flow contours obtained 
by ARPA (Advanced Research Projects Agency) and DOE heat flow holes. 
Numerous geological and geophysical studies were performed (1-18) prior 
to the drilling of CGEH-1. However, the geological characteristics of 
the Cos0 area are rather complex. This is illustrated in the aforemen- 
tioned references. The area consists essentially of a ring fracture zone 
located in the basin and range province east of the Sierra Nevada range 
(19). Figure 3 illustrates generalized alteration, geophysical charac- 
teristics, and active thermal areas in the Cos0 Hot Springs area. 

WELL COMPLETION--CGEH-l 

The drill site is on rhyolite pyroclastic debris covering a 
granite complex. 
with the extruded rhyolite domes in the vicinity. Faults and fracture 
zones had a strong influence in hole direction and penetration rates. 
Figure 4 shows the surface projected horizontal deviation of the well. 

Rhyolite dikes intrude and are probably contemporaneous 
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Fig .  1. Location of t h e  China Lake Naval Weapons Center .  
(XBL 786-997) 
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I I MILES I 
Fig. 2. Generalized map of thermal anomalous region and the CGEH No. 1 

well location. The numbers above the symbols identify the holes, 
and those below the symbols give heat flow in HFU.(XBL 786-998) 
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Maximum horizontal displacement was calculated to be 375 ft at S700 20'W. 
A s  shown in the figure, three large meanders in the wellbore occurred 
during drilling. 
ft (total drilled depth, 4845 ft). 

Final bottom hole vertical depth is approximately 4815 

Figure 5 is a synopsis of the completion record. Three large mud 
losses occurred along the cased portion of the well (CGEH-1 is cased to 
3488 ft). An influx of water at a rate of 90 BPH was observed at about 
1900 ft. Above this zone, at about 1660 ft running clay and gravel entered 
the wellbore. 
granite with clay-sized particles. Numerous mud losses occurred below 
3500 ft. However, it is not known whether this mud went into the fractured 
zone near 3500 ft or if other fractures intersect the well below this point. 

The gravel was subangular and the clay is actually powdered 

THERMAL EQUILIBRIUM PERIOD December 19 77--September 1978 

LBL performed eight temperature surveys (21) before the first 
flow test. 
1900 ft. The water level varied, but was found at approximately 890 ft. 
Figure 6 shows five of eight temperature surveys. The figure illustrates 
that zones above 3500 ft (1900, 2700, 3500 ft), where large mud losses 
occurred during drilling, show atypical temperature distribution indicating 
that the formation was cooled from mud entry. However, zones below 3500 
ft where numerous mud losses are observed do not illustrate this abnormal 
behavior. This seems to indicate that the mud losses below 3500 ft 
probably entered the large fracture zone above 3500 ft and not into frac- 
tures below the portion of the well that was subsequently cased. However, 
there was a large mud loss at Total Depth (TD). 

The final recorded maximum temperature was 194OC (3820F) at 

Downhole chemical samples (21) of wellbore fluid were also 
obtained during this initial equilibrium period. Dissolved silica concen- 
trations from bottom hole samples indicate a temperature of 170OC (338OF) 
(221 mg/l). Silica temperatures at 2740 ft were calculated to be 9OOC 
(194OF) ( 4 0  mg/l). The causes of these discrepancies are unknown. 
However, the drill pipe was stuck at 3488 ft for a short period. Pipe 
release and diesel fuel were added to free the drill bit. The presence 
of residual organics in the wellbore might explain low silica concentra- 
tions observed at the 2700 ft depth. (23) 

FLOW TEST 1 

The first extended flow test was carried out September 5 to 8, 
1978. During the well stimulation and subsequent flow the wellhead 
temperature was 128OC (262.5OF) and the discharge tube temperature was 
121OC (250OF). 
heated N2 with the tube at 2060 ft. 

This occurred during the nitrogen lift at 300 ft3/min of 
Nitrogen flow rates were varied as 



7 

6" 12" 24" 

0 

500 

iooa 

2000 - 
c 
Y, 

P 
0 

5 

n 

3000 

4000 

5000 

Fig. 5. 

- Returns (?) 

- 
Cemented and 

dril led to 
8 3/4" - 

/ 
Second cement 

Lost circulation 

Major zones of 
lost circulation 
t--- 

90 BPH influx Lost 600 bbl mud < . ~  
Lost circulation Added 
Cored (10 ft.) 

I 
Added IC material 

Lost 1500 661 mud 
Addedlc material - Cored (lo ft*) 

Lost 1100 bbl mud 
Added IC material 

Lost 500 bblmud 

- '" r I r- Lost 150 bblmud 
Lost 100 bbl mud 

Lost 300 bbl mud 
Be'ow open hole '"'A E- Lost 150 bbl mud 

8 314" 
Lost 300 bbl mud 

Backfilled with sand. 
Cleaned with air. 

Lost 1400 bbl mud at bottom hole 
Added IC material 

Cement plug 
dr i l led to 
6 118" 

Removed about 500 ft. of f i l l  
after cementing the final 7" 
casing. [Cement falling out?) 

Synopsis of well completion record. (XBL 7812-13390) 

Mud lost between 
3200 and 4800 f t .  
probably went to 
this zone during 
drilling to 4800 ft.  
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t h e  tube  w a s  lowered t o  t h e  f i n a l  depth ,  4590 f t .  
s h u t  o f f ,  t h e  flow decreased t o  n e a r l y  atmospheric p re s su re  a t  t h e  d i s -  
charge tube  w i t h i n  30 min. 
a t  t h i s  po in 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 r o g e n ,  t h e  flow 
had decreased apprec iab ly .  
p re s su re  a t  t h e  n i t r o g e n  t r u c k  f o r  30 min. A t  t h i s  t i m e ,  t h e  tub ing  w a s  
terminated a t  4590 f t  downhole. The wellhead p res su re  a t  t h i s  t i m e  w a s  
370 p s i  and n i t r o g e n  w a s  pumped a t  200 f t3/min.  The w e l l  w a s  opened and 
unloaded an  unknown q u a n t i t y  of water, then  d ied .  
f i n d  a l i q u i d  level  wi th  t h e  N 2 ,  b u t  t h e  a t tempt  w a s  unsuccessfu l .  
N2 tubing  w a s  then  lowered t o  4700 f t  b u t  no n i t r o g e n  r e t u r n s  w e r e  observed 
and t h e  n i t r o g e n  p res su re  reached 3000 p s i .  
t h e  lower 250 f t  of tub ing  w a s  plugged wi th  sand and c lay .  
t h e  f low t e s t i n g  w a s  terminated.  

When t h e  n i t r o g e n  w a s  

The wellhead temperature  dropped t o  95OC (203OF) 

The w e l l  w a s  then  pressured  w i t h  2000 p s i  

An a t tempt  w a s  made t o  
The 

When t h e  tub ing  w a s  removed, 
A t  t h i s  p o i n t  

FLOW TEST 2 

The second flow test 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 f t .  
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 t  and 
s lowly lowering t h e  i n j e c t i o n  tube whi le  cont inuing  t o  pump foam. 
r e t u r n s  were obta ined  dur ing  t h e  descent .  A wellhead sample of t h e  foam 
w a s  taken f o r  a n a l y s i s .  
l i k e  material en t r a ined  i n  t h e  foam. 
(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  powdered g r a n i t e ,  n o t  c lay .  
A t  t h i s  p o i n t  over  100 f t  of material w a s  be ing  c i r c u l a t e d  ou t  of t h e  w e l l ,  
b u t  f u r t h e r  p rogres 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 t .  An 
a t tempt  w a s  made t o  withdraw t h e  tub ing ,  b u t  i t  could only  move a maximum 
of about  60 f t  upward. The tub ing  moved f r e e l y  downward, b u t  could no t  b e  
withdrawn more than  about 60 f t  upward. The tub ing  w a s  worked up and down 
a few t i m e s  and f i n a l l y  came f r e e .  However, when t h e  end came t o  t h e  sur -  
f a c e  about  145 f t  of t h e  tub ing  had been l e f t  i n  t h e  w e l l .  

The w e l l  c leanup and 

Good 

The sample showed a l a r g e  amount of grey clay-  
Subsequent a n a l y s i s  by R. Clark  

During t h e  c leanout  procedure,  f l u i d  samples w e r e  taken from a 
tube  a t  t h e  wellhead us ing  a high-pressure need le  valve f o r  meter ing.  
This  valve w a s  subsequent ly  plugged w i t h  sand g r a i n s  brought up wi th  
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 
from t h e  w e l l .  Before removing t h e  n i t r o g e n  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 t  by c i r c u l a t i n g  a water-foam mixture  f o r  fou r  
hours .  Af t e r  fou r  hours ,  t h e  w e l l  w a s  c leaned by pumping c l ean  water 
f o r  one hour followed by n i t r o g e n  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 ca l  d ischarge  tube.  The 
n i t r o g e n  w a s  shu t  i n  and t h e  w e l l  flowed f o r  less than  f i v e  minutes ,  
a f t e r  which t h e  temperature  and f low decreased r a p i d l y .  The wellhead 
temperature  w a s  95OC (203OF) and f low w a s  e s s e n t i a l l y  pure  steam. 

Af te r  t h e  n i t r o g e n  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  pas s  t h e  blockage a t  4695 f t .  
a g a i n  foamed ( t h i s  t i m e  a t  3500 f t )  and t h e  tub ing  w a s  lowered a f t e r  

The w e l l  w a s  
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r e t u r n s  w e r e  ob ta ined .  
w e l l  w a s  aga in  cleaned and s t imu la t ed  wi th  n i t rogen .  
d i ed  i n  less than  f i v e  minutes a f t e r  s t imu la t ion .  The n i t r o g e n  w a s  then  
pumped a t  3000 p s i  w i t h  t h e  wellhead shu t  i n  f o r  about 15 min. 
and 4 i n .  d i scharge  tubes  w e r e  then  opened. No show of water w a s  seen ,  
on ly  n i t rogen .  
f o r  12 hours.  

The tub ing  encountered a b lock  a t  4490 f t .  The 
The w e l l  aga in  

The 2 i n .  

No subsequent show of w a t e r  w a s  found w i t h  t h e  w e l l  open 

A water-level 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  
w a t e r  level  i n  t h e  w e l l .  The water level w a s  f i r s t  found a t  3645 f 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 f low of t h e  
w e l l ,  and 12 hours  a f t e r  s h u t t i n g  i n  t h e  w e l l .  This i s  an average 
i n c r e a s e  i n  water level  of about 1 .3  f t /min  
level w a s  subsequent ly  monitored c l o s e l y  and i t  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 level t o  rise 1 f t  w a s  decreas ing  s l i g h t l y  as 
t h e  he igh t  of t h e  w a t e r  column increased .  This  continued up t o  3460 f t ,  
a t  which t i m e  t h e  r a t e  of f i l l i n g  began t o  decrease .  Since t h e  l a t te r  
depth  is  approximately t h e  depth t o  which t h e  w e l l  i s  cased,  w e  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  from 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 he  t e s t i n g  w a s  t e rmina ted .  

4 gal/min. The water 

CONCLUSIONS 

The w e l l  w a s  d r i l l e d  i n  very  hard rock. It w a s  extremely d i f -  
f i c u l t  t o  prevent  d r i l l  b i t  wandering, and t h e  f i n a l  bottomhole l o c a t i o n  
i s  % 374 f t  ( h o r i z o n t a l )  from t h e  wellhead l o c a t i o n  wi th  t h r e e  s e r i o u s  
meanders ( see  F igure  1). During t h e  monitor ing of t h e  thermal e q u i l i b r a -  
t i o n ,  a t  least 15 downhole surveys w e r e  run  over  a per iod  of about  10 
months. Our f i n a l  surveys ,  b e f o r e  t h e  workover began, i n d i c a t e d  consider-  
a b l e  f r i c t i o n  below t h e  cas ing .  
w a s  broken wi th  a p i e c e  appa ren t ly  lodged between 4490 and 4635 f t .  
sugges t s  t h a t  t h e  w e l l  i s  c u r r e n t l y  unuseable a t  t h e  p re sen t  t i m e  below 
about 4000 f t  due t o  e i t h e r  cab le  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 dur ing  t h e  downhole 
a c t i v i t y ,  o r  opening of a f r a c t u r e  dur ing  d r i l l i n g .  
s t u c k  temporar i ly  a t  4771 f t . ) 2 0  S ince  t h e  w e l l  had about  200 f t  of f i l l ,  
and s i n c e  t h e  f low seems t o  come down t h e  wel lbore ,  t h e  t ens ion  could a l s o  
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 .  
It i s  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  cab le  grooves below 4500 f t ,  and 
t h e  o r i g i n  of t h e  f i l l  i s  unknown, hence i t  i s  l i k e l y  t h a t  t h e  tub ing  w a s  
s tuck  i n  a f r a c t u r e .  

During t h e  c leanout  t h e  n i t r o g e n  tub ing  
This  

(The d r i l l  b i t  w a s  

During d r i l l i n g  t h e r e  w e r e  s e v e r a l  c i r c u l a t i o n  l o s s e s  whi le  us ing  
The deepes t  c i r c u l a t i o n  l o s s  occurred a t  bottomhole,  where more than  mud. 

% 1400 b b l  (% 59,000 g a l )  of mud w a s  l o s t ,  as shown i n  F igure  5 .  This 
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  prevent  
f u r t h e r  l o s s e s  t o  t h e  f r a c t u r e ,  make product ion from t h i s  zone ques t ionable .  
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The apparent  lack of s i g n i f i c a n t  i n f l u x  from t h e  lower zone ( reca l l  t h a t  
t h e  maximum i n f l u x  dur ing  w e l l  f i l l - u p  a f t e r  c leanout  w a s  about  5 gal/min) 
l e a d s  us  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  
f o r  product ion  of geothermal f l u i d s  a t  t h i s  t i m e .  When t h e  temperature  
l o g  i s  examined, t h e  bottomhole can b e  seen t o  b e  about 22.2OC (40OF) 
coo le r  than  t h e  zones which are about h a l f  as deep. 

I The w e l l  w a s  cased t o  about 3500 f t .  The l a r g e s t  mud l o s s e s  
dur ing  d r i l l i n g  occurred i n  t h e  zone ad jacen t  t o  t h e  c a s i n  shoe,  i . e . ,  
i n  t h e  zone from 3260 t o  3500 f t ,  as shown i n  F igure  2.(20? I n  t h i s  zone, 
up t o  4000 b b l s  (168,000 ga l )  of d r i l l i n g  mud and c i r c u l a t i o n  material 
w a s  consumed (no te  t h a t  t h i s  fo l lows  only  i f  t h e  mud l o s s e s  whi le  d r i l l i n g  
from 3600 t o  % 4500 f t  are a l l  assumed l o s t  i n  t h i s  i n t e r v a l ) .  This zone 
shows up as a broad temperature  depress ion  i n  t h e  temperature  l o g s  taken 
dur ing  thermal e q u i l i b r a t i o n  of t h e  w e l l  as shown i n  F igures  5 and 6. It 
i s  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 te r  i s  emptied dur ing  t h e  flow tests. The mud l o s t  
i n  t h i s  zone has  a volume equal  t o  about  20,000 f t 3 .  Assuming an e f f ec -  
t i ve  p o r o s i t y  of 10% w e  have a damage r a d i u s  which i s  a t  least  1 7  f t .  I f  
t h i s  zone c o n t r i b u t e s  a l l  of t h e  flow t o  t h e  w e l l ,  t h e  head i s  3260-900 = 
2360 f t  = 1015 p s i .  A t  % 196OC (385OF) t h i s  i s  w e l l  above t h e  s a t u r a t i o n  
curve f o r  pure w a t e r ,  and impl ies  t h a t  t h e  f l u i d  source i s  l i q u i d ,  n o t  
steam. The c h l o r i d e  conten t  of t h e  w e l l  w a s  t h e  same as t h a t  a t  Cos0 Hot 
Springs.14 
i s  approximately 3500 f t  above sea l e v e l .  

The p i ez iomet r i c  head a t  both  Cos0 Hot Springs and CGEH-1 

While t h e  mud l o s s e s  are n o t  q u i t e  so  enormous i n  t h e  two zones 
above 3200 f t  they  are s t i l l  apprec i ab le .  One f r a c t u r e  w a s  encountered 
a t  % 2750 f e e t  where more than  2100 b b l  (% 85,000 g a l )  of mud and va r ious  
materials w e r e  l o s t  dur ing  d r i l l i n g .  The sha l lowes t  and h o t t e s t  zone w a s  
a t  2060 f t ,  where more than  900 b b l  (37,800 ga l )  were l o s t .  It i s  a l s o  
noteworthy t h a t  a t  1900 f t  a water i n f l u x  of a t  l eas t  60 gal/min occurred 
wh i l e  d r i l l i n g  under p re s su re  wi th  a i r .  A switch t o  mud w a s  made a t  t h a t  
po in t ,  hence there i s  no i n d i c a t i o n  of how much t h e  formation could f low 
from t h a t  zone. 

Several water samples have been taken dur ing  t h e  course  of t h e  
w e l l  e q u i l i b r a t i o n  and dur ing  t h e  w e l l  tests. These water samples 
probably came from t h e  zone near  t h e  bottom of t h e  cas ing .  It i s  a l s o  
l i k e l y  t h a t  t h e r e  has  been contaminat ion of 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. It i s  u n l i k e l y  t h a t  we  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  is  equa l ly  u n l i k e l y  
t h a t  t h e  source of f l u i d  near  CGEH-1 i s  a t  an  apprec iab ly  h igher  tempera- 
t u r e  than  observed i n  t h i s  w e l l  [<199OC (39O0F)]. A l l  of t h e  sand,  c l a y ,  
and f l u i d  samples t h a t  were taken dur ing  t h e  r e c e n t  work are be ing  he ld  
a t  LBL. 

Although numerous problems were encountered dur ing  t h e  d r i l l i n g  
of CGEH-1, i t  h a s  proved va luab le  i n  t h e  i n i t i a l  hydrogeological  evalua- 
t i o n  of t h e  Cos0 Hot Springs area. Fur ther  d r i l l i n g  i n  t h e  area i s  
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necessary to provide a more complete evaluation, and the Cos0 Hot Springs 
KGRA shows promise for development of power production or direct heat 
utilization. 
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