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Aminoi l  i s  a s u b s i d i a r y  o f  R. J .  Reynolds I n d u s t r i e s ,  Inc . ,  and successor 
t o  Burmah O i l  and Gas Company. Our d r i l l i n g  a c t i v i t i e s  i n  t h e  southeast  p a r t  
o f  The Geysers area have proved geothermal steam reserves t o  power 300 
megawatts o f  e l e c t r i c  g e n e r a t i n g  c a p a c i t y .  
conducted e x p l o r a t o r y  d r i l l i n g  a c t i v i t i e s  o u t s i d e  o f  t h e  proven p r o d u c t i v e  
area i n  o r d e r  t o  e s t a b l i s h  a d d i t i o n a l  reserves.  One o f  these areas i s  
d iscussed i n  t h e  paper. 

I n  t h e  pas t  year Aminoi l  has 

The area o f  i n v e s t i g a t i o n  i s  c h a r a c t e r i z e d  by t h e  i n t e r s e c t i o n  o f  a t  
l e a s t  t h r e e  r e g i o n a l  l ineaments.  These l ineaments a r e  d i s c e r n i b l e  f rom 
sate1 1 i t e  imagery o f  t h e  NASA LANDSAT ( f o r m e r l y  ERTS) program. 
a r e  conf i rmed by medium t o  low a l t i t u d e  c o l o r  s t e r e o  p a i r  photographs. 
t h e  s u r f a c e  these l ineaments sometimes l a c k  enough d i s c e r n i b l e  ground 
displacement t o  be c h a r a c t e r i z e d  as f a u l t s .  These l ineaments do c o i n c i d e  w i t h  
c l i f f s ,  t r u n c a t e d  r i d g e s ,  major  creeks a n d  s t r e a m  o f f s e t s .  F i g u r e  1 i n d i c a t e s  
t h e  l o c a t i o n  o f  these l ineaments by long, dashed l i n e s .  

The 1 ineaments 
On 

Shown a l s o  on F i g u r e  1 by smooth, cont inuous l i n e s  a r e  i s o p l e t h s  o f  heat  
f l o w  g r a d i e n t s .  
1000 f e e t )  h o l e  d r i l l i n g  i n  t h e  area. The i n t e r s e c t i o n  o f  t h e  l ineaments 
a l s o  c o i n c i d e s  w i t h  c l o s e l y  spaced i s o p l e t h s .  Heat f l o w  g r a d i e n t s ,  w h i l e  a 
good i n d i c a t i o n  o f  geothermal resources a t  depth, do n o t  always assure  
commerc ia l ly  p r o d u c t i v e  w e l l s .  

They were ob ta ined f rom A m i n o i l ' s  e x t e n s i v e  s h a l l o w  (300 t o  

Locat ions  A through E i n d i c a t e  ho les  d r i l l e d  t o  a t  l e a s t  7200 f e e t  on 
F i g u r e  1 .  
though Locat ions  A and E a r e  l o c a t e d  i n  areas o f  h i g h e r  heat f l o w  than C ,  o n l y  
minor  steam e n t r i e s  were encountered a t  depths f rom 6000 t o  8000 f e e t .  
minor  steam e n t r y  was a l s o  encountered i n  L o c a t i o n  D. 

Locat ions  B and C a r e  commerc ia l ly  p r o d u c t i v e  steam w e l l s .  Even 

A 

The rocks o f  t h e  steam-producing zones o f  A m i n o i l ' s  proven areas a r e  
predominate ly  s i l i c i f i e d  metagraywackes and l e s s e r  v a r y i n g  p r o p o r t i o n s  o f  
greenstone, c h e r t ,  s e r p e n t i n e  and a r g i l l i t e  and may be more a c c u r a t e l y  
descr ibed as a melange u n i t  o f  t h e  Franc iscan fo rmat ion .  
f i t  t h i s  d e s c r i p t i o n .  
encountered i n  Locat ions  A, D, and E show t h e  s e c t i o n s  o f  t h e  two areas t o  
be q u i t e  d i f f e r e n t .  
a r g u i l l i t e  w i t h  minor  metagraywacke. 

Locat ions  B and C 
Comparison o f  t h e  p r o d u c t i v e  s e c t i o n s  w i t h  those 

The l a s t  t h r e e  ho les  a l l  d r i l l e d  t h i c k  s e c t i o n s  o f  

These t h r e e  ho les  never d r i l l e d  o u t  o f  t h i s  sequence. The e n t i r e  
sequences i n  these t h r e e  ho les  a r e  a l s o  c h a r a c t e r i z e d  by t h e i r  genera l  l a c k  
o f  s i l i c a .  S i l i c a  i s  common i n  t h e  m a j o r i t y  o f  A m i n o i l ' s  p roduc ing  w e l l s .  
A few o f  these deeper w e l l s  may have penet ra ted  an a r g i l l i t e  s e c t i o n  below 
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p r o d u c t i v e  metagraywacke and show minor or  no p r o d u c t i o n  from those zones. 
A r g i l l i t e s  d i d  occur  i n  t h e  steam zone o f  one w e l l  b u t  were assoc ia ted  w i t h  
up t o  60% s i l i c a .  

O f  p a r t i c u l a r  i n t e r e s t  i s  Locat ion  E.  A water  e n t r y  encountered a t  
approx imate ly  5100 f e e t  was analyzed and i s  shown on F i g .  2. A sample was 
c o l l e c t e d  w h i l e  a i r  d r i l l i n g  and t h i s  a n a l y s i s  shows t h e  water  t o  be 
c o n s i d e r a b l y  more s a l i n e  w i t h  less  hardness than t h e  water  e n t r i e s  r e p o r t e d  
a t  t h e  1975 Stan ford  Geothermal Reservoi r  Engineer ing Workshop. A d d i t i o n a l  
d r i l l i n g  encountered a minor  steam e n t r y  below 7500 f e e t .  The h o l e  i s  now 
suspended and s u r f a c e  wel lhead pressure  i s  approx imate ly  50 p s i a .  The 
steam t o  noncondensible gas molar  r a t i o  i s  about 50 o r  more than a t e n f o l d  
decrease o f  L o c a t i o n  B. Methane and n i t r o g e n  account f o r  most o f  t h e  increase 
o f  noncondensible gases. An a n a l y s i s  o f  t h e  steam condensate i s  shown on 
F i g .  2. The s u l f i d e  conten t ,  over  t w i c e  A m i n o i l ' s  f i e l d  average, i s  
c o n s i s t e n t  w i t h  t h e  o v e r a l l  increased amount o f  noncondensible gases. 

F i f t e e n  days a f t e r  t h e  d r i l l i n g  r i g  was re leased a t  L o c a t i o n  E, a s t a t i c  
temperature and pressure  survey was conducted. Saturated steam was recorded 
t o  a 7070 f o o t  f l u i d  l e v e l .  Below t h i s  f l u i d  l e v e l  t h e  l i q u i d  c o n t i n u a l l y  
increased i n  en tha lpy  w i t h  i n c r e a s i n g  depth.  A maximum temperature o f  464OF 
was recorded a t  t o t a l  depth.  

The phenomena d iscussed above l e d  t o  t h e  t e n t a t i v e  c o n c l u s i o n  t h a t  t h e r e  
i s  a f l u i d  boundary w i t h  Locat ions  B and C on t h e  p r o d u c t i v e  s i d e  and A,  D, 
and E,  a l l  nonproduct ive.  Aminoi l  b e l i e v e s  t h e  change i n  r o c k  types t o  be 
s i g n i f i c a n t .  The change may be a t t r i b u t e d  to  the  l ineaments a l though 
s t r u c t u r a l  c o r r e l a t i o n s  i n  t h e  Franc iscan f o r m a t i o n  a r e  d i f f i c u l t  t o  
s u b s t a n t i a t e .  Even though t h e r e  were minor steam e n t r i e s  i n  t h e  nonproduc t ive  
ho les ,  t h e  heat g r a d i e n t  surveys. i n d i c a t e s  a r a p i d l y  decreas ing heat f l u x  
f r o m  t h e  p r o d u c t i v e  area. Changes i n  gas t o  steam molar r a t i o  and t h e  
increased hydrogen s u l f i d e  a t  L o c a t i o n  E may be a t t r i b u t a b l e  t o  t h e  smal l  
volume o f  t h e  steam e n t r y  w i t h  r e l a t i o n  t o  t h e  open h o l e  s u r f a c e  area.  
However, t h e  increased percentage o f  methane suppor ts  a f l u i d  boundary 
conc lus ion .  F u r t h e r  examinat ion o f  the  water  i n  t h e  h o l e  a t  L o c a t i o n  E 
i s  p lanned u s i n g  a bottom hole sampler. These analyses w i l l  be designed t o  
t e s t  f o r  thermodynamic phase e q u i l i b r i u m  o f  t h e  f l u i d  w i t h  known e q u i l i b r i a  
phenomena o f  t h e  p r o d u c t i v e  area.  
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PH 

S p e c i f i c  C o n d u c t a n c e  
u m h o s l c m  @ 25" C 

C a l c i u m ,  m g / l  

M z g n e s i u r n ,  m g / l  

S o d i u m ,  mg/l 

P o t a s s i u m ,  m g / l  

S u l f a t e ,  m g / 1  

C h l o r i d e ,  m g / 1  

Boron, m g / l  

F l u o r i d e ,  mg/l 

A l u m i n u m ,  m g / 1  

hlle r c u r y ,  m g / l  

S i l i c a ,  m g / l  

S u l f i d e ,  mg/1 

A m m o n i a  

B i c a r b  ona t  e 

C H E M I C A L  ANALYSES , LOCATION E 
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Figure 2. Chemical Analyses, Location E 
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