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C A S  R F A C T I O ? :  I N  T H E  C E R R O  P R I E T O  R Y S E R ' J O I R  - - 
' lancy L .  T r h r i n g l  a n d  J .  N a t a l i e  V a l e t t e - S i l v e r '  

' U . S .  G e o l o g i c a l  S u r v e ; ,  Menlo  P a r k ,  C a l i f o r n i a ,  1 J . S . A .  9 4 0 2 5  

2Labora to i re  de  Sedimentologie e t  d e  Geochimie Mar ines ,  Un ive r s i t e  de Perpignan. 66025,France 

Gas s a m p l e s  f r o m  s u r f a c e  f e a t u r e s  
I Ls r'- 
r were  c o l l e c t e d  i n  J u n e - J u l y  1 9 8 1 .  
9/ 

G a s e s  i n  a n  u n d i s t u r b e d  g e o t h e r m a l  Gas was  t r a p p e d  i n  a n  i n v e r t e d  f u n n e l  
r e s e r v o i r  s h o u l d  b e  i n  e q u i l i b r i u m  w i t h  , a n d  c o l l e c t e d  i n  a b o t t l e  i d e n t i c a l  t o  
t h e  s u r r o u n d i n g  r o c k  a n d  w a t e r .  P r o d u c t i o n  t h a t  u s e d  f o r  s t e a m  s a m p l e s .  
o f  f l u i d  a t  r a p i d  r a t e s  may c a u s e  
p h y s i c a l  c h a n g e s  i n  t h e  r e s e r v o i r  t h a t  a r e  A n a l y s e s  f o r  m a j o r  g a s e s  w e r e  made 
r e f l e c t e d  a s  c h a n g e s  i n  g a s  c o m p o s i t i o n .  by w e t  c h e m i s t r y  (H20 ,  C 0 2 ,  a n d  H z S ) ,  
A t  C e r r o  P r i e t o  p r o d u c t i o n  h a s  l o w e r e d  s p e c i f i c  i o n  e l e c t r o d e  (NH3) ,  a n d  g a s  
t h e  r e s e r v o i r  p r e s s u r e  e n o u g h  i n  p l a c e s  c h r o m a t o g r a p h y  (He ,  H2, CH4, A r ,  0 2 ,  a n d  
t o  i n d u c e  b o i l i n g  i n  t h e  a q u i f e r ,  N2) .  Gas c o m p o s i t i o n s  o f  t h e  1 9 7 7  ( w e l l )  
l e a d i n g  t o  h i g h  e n t h a l p y ,  l ow p r o d u c t i o n  s a m p l e s  w e r e  p r e s e n t e d  b y  N e h r i n g  a n d  
a n d  e v e n t u a l  drawndown o f  c o l d  wa te r  i n t o  D'Amore ( 1 9 8 2 ) .  C o m p o s i t i o n s  f o r  1 9 8 1  
t h e  r e s e r v o i r .  T h e s e  c h a n g e s  a r e  ( s u r f a c e  f e a t u r e s )  a n d  1982  ( w e l l )  
r e f l e c t e d  i n  g a s  c o m p o s i t i o n s .  s a m p l e s  a r e  shown i n  T a b l e s  1 a n d  2 .  

D i f f e r e n c e s  i n  g a s  c o m p o s i t i o n  CHANGES I N  GAS COMPOSITIONS FROM WELLS 
b e t w e e n  w e l l  a n d  s u r f a c e  s a m p l e s  r e f l e c t  BETWEEN 1 9 7 7  A N D  1 9 8 2 .  

d e p e n d e n t  c h e m i c a l  r e a c t i o n s  a n d  a m i x t u r e  C o m p a r a s i o n  o f  g a s  c o m p o s i t i o n s  
c h a n g i n g  e q u i l i b r i u m  i n  t e m p e r a t u r e -  

o f  g a s e s  d i s s o l v e d  i n  g r o u n d w a t e r .  

C O L L E C T I O N  A N D  ANALYSIS OF GASES 

f r o m  p r o d u c t i o n  w e l l s  b e t w e e n  1 9 7 7  a n d  
1982 show c h a n g e s  w h i c h  c a n  b e  e x p l a i n e d  
by  p h y s i c a l  p r o c e s s e s  o c u r r i n g  i n  t h e  
r e s e r v o i r  s u c h  a s  b o i l i n g  o f  t h e  r e s e r v o i r  

__I 
S t e a m  s a m p l e s  were c o l l e c t e d  f o r  g a s  f l u i d  a n d  drawndown o f  c o l d  w a t e r  i n t o  

a n a l y s e s  i n  Apr i l -May  1977  a n d  J a n u a r y  t h e  r e s e r v o i r .  T h e  m o l e  f r a c t i o n  o f  g a s  
1 9 8 2 .  S t e a m  w a s  t a p p e d  f r o m  t h e  c e n t r a l  i n  t h e  r e s e r v o i r  i n  1 9 7 7  ( F i g .  1 )  s h o w s  
steam o u t l e t s  o f  p r o d u c t i o n  s e p a r a t o r s ,  t h e  e f f e c t s  o f  b o i l i n g  i n  t h e  r e s e r v o i r .  
c o o l e d  t o  n e a r  30°C t h r o u g h  a s t a i n l e s s  Wells M-20, M-21A, M-27, M-8, a n d  M-35 
s t e e l  c o n d e n s i n g  c o i l ,  a n d  c o l l e c t e d  h a v e  h i g h  t o t a l  g a s  c o n t e n t s  o w i n g  t o  
i n  e v a c u a t e d  300-mT. b o t t l e s  c o n t a i n i n g  b o i l i n g  n e a r  t h e  w e l l  b o t t o m s .  T h i s  
l O O m L  o f  4N NaOH ( N e r h i n g  a n d  T r u e s d e l l ,  b o i l i n g  w a s  f i r s t  o b s e r v e d  by  T r u e s d e l l  
1 9 7 8 ) .  T o t a l  f l o w  f r o m  t h e  c o n d e n s e r  e t  a l .  ( 1 9 7 9 )  a s  e x c e s s  e n t h a l p y  i n  t h e  
( g a s  a n d  c o n d e n s a t e )  w a s  c o l l e c t e d  w e l l  f l u i d .  B o i l i n g  c a u s e s  b i c a r b o n a t e  
i n  s a m p l e  b o t t l e s .  (HCOg) t o  d i s p r o p o r t i o n a t e  i n t o  C02 a n d  

Table  1. Gas compositions (molar) Cerro P r i e t o  su r face  f e a t u r e s .  A l l  samples r o l l e r t e d  June-July 
1981 except N - 3 1  co l l ec t ed  January 1978. 
Composicibn d e l  gas (en moles) de las manifestaciones s u p e r f i c i a l e s  de Cerro P r i e t o .  
Todas las muestras  se recolec ta ron  en  jun io - ju l io  de 1981, a excepci6n de l  N-31 que se 
recolecto '  en enero de 1978. ND=no se determinb 

ND= not  determined. 

Locat ion Descr ip t ion  Cog H2S NH3 H e  H2 A r  02 N2 CH4 

N-3 Cold sp r ing  i n  cana l  97.2 0.84 0.0066 0.00012 0.0028 0.025 0 0.80 1.07 
N-5 20°C pool 94.3 2.02 0.023 0.00022 0.0018 0.041 0 1.39 2.19 
N-7 30" pool 97-8  1.03 0.0078 0.000037 0.0042 0.0059 0 0.17 1.01 
N-18 Large cold pool 88.4 0.22 0.034 0.0019 0.00071 0.056 0 2.18 8.82 
N-20 6Oo-8O0 C pool 79-9 0.99 0.065 0.00064 1.87 N U  0 2.42 14.8 

1.97 0.23 N-31 100°C fumarole a long cana l  80.7 1.25 12.5 0 
N-36 Small 100°C pool 83.0 3.54 1.83 0.00036 0.66 0.13 0 5.81 4.73 

2.78 5.52 N-43 90°C spr ing  i n  marshy pool 88.1 1.40 0.083 0 1.88 0.094 0 

N-46 Spring near  edge of  Lagana 77.1 2.78 0.090 0.00061 1.73 0.15 0.53 8.88 8.11 

N-49 Large cold pool 63.6 1.06 0.075 0 0.00039 (02)  3.98 22.6 6.51 
N-50 Large cold pool 80.8 2.21 0.058 0.0015 0.028 0.12 0 4.64 11.7 

0.012 (02)  0.80 2.58 4.25 N-61 Cold spr ing  i n  cana l  91.8 0 0.085 0 

3.61 0.046 0 

(southernmost f e a t u r e )  

Volcano lake 
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Table 2. Gas compositions (molar) of 1982 Cerro P r i e to  production f l u i d s .  
Composici6n d e l  gas (en moles) d e  10s flGidos de producci6n en 
Cerro P r i e to  en 1982. No s e  de tec t6  02 

N 2  CH4 Well Steam Gas/ Cog H2S NH3 He H2 A r  
f r ac t ion  Steam 

x103 

M-5 0.303 
M-11 .280 
M-14 .215 
M-19A .283 
M-25 -335 
M-26 .273 
M-29 .211 
M-30 .269 
M-3 1 .377 
M-35 .280 
M-42 .224 
M-43 .228 
M-48 .372 
M-50 .303 
M-5 1 .411 
M-53 .325 
M-84 .708 
M-90 .264 
M-91 .309 
M-101 .313 
M-102 .759 
M-104 .558 
M-105 .420 
M-114 .215 
M-130 .296 
E-2 .397 
E-4 .511 

5.79 
4.52 
1.72 
5.65 
5.54 
6.02 
7.09 
4.72 
6.05 
3.73 
6.12 
4.90 
2.94 
5.24 
6.05 
6.77 
6.36 
4.82 

4.72 
1.17 
1.35 

4.48 
6.68 
4.02 
4.82 

3.82 

4.85 

85.64 
84.87 
85.15 
85.35 

84.42 
86.73 
84.49 
82.43 
82.33 
86.33 
85.48 
83.00 
83.86 
84.41 
84.93 
80.99 
83.45 
82.10 
80.79 
85.55 
83.61 
82.75 
84.07 
84.25 
84.34 
80.34 

85 04 

4.87 
5.79 
3.63 
5.39 
5.69 
6.69 
4.53 
5.57 
5.81 
5 -26 
4.51 
5.88 
5.56 
5.57 
5.43 
5.12 
5.58 
5.07 
7.34 
8.14 
4.23 
4.10 

6.32 
5.38 
6.93 
6.57 

5.92 

1.60 
1.83 
.62 

1.57 
1.55 
1.55 
1.59 
1.94 
1.51 
1.70 
2.36 

2.49 
1.73 
1.47 
1.43 
1.21 
1.64 
2.35 
2.44 
1.98 
1.05 
1.88 
1.75 
2.44 
2.17 
1.14 

1.99 

0.00046 
.00063 
-00016 
.00047 
.00012 
.00022 
.00044 
.00049 
.00031 

0 
-00061 
.00080 

0 
.00026 
.00025 
.00025 

0 
.00029 
.00086 
.00058 

0 
0 

,00083 
.0011 
.00024 
.00040 

0 

3.14 
2.09 
6.54 
3.20 

2.66 
2.88 
3.85 

4.11 
1.80 
2.14 
5.47 
3.80 
4.40 
4.71 
10.34 
3.41 
3.81 
2.75 
5.18 
7.16 
5.22 
1.62 
3.68' 
3.87 
9.11 

3.15 

4.58 

0.013 
.028 
.011 
.014 
.014 
.016 
.014 
.018 
.019 
.024 
.015 
.016 
.021 
,020 
.016 
.0085 
-0087 
.028 
.023 
.018 
.0032 
.0052 
.019 
.019 
.011 
.012 
.022 

0.54 
1.60 
.47 
.57 
.55 
.62 
.57 
.66 
.73 
.95 
.60 
.67 
.78 
.74 
.64 
.37 
.38 

1.06 
96 
.75 
.17 
.24 
.79 
.81 
.45 
.49 

1.12 

4.23 
3.79 
4.00 
4.04 
4.11 
4.01 
3.80 
3.68 
5.10 
5.68 
4.29 
3.85 
3.82 
4.31 
3.72 
3.49 
2.48 
5.30 
3.56 
5.18 
3.22 
4.19 
3.69 
5.36 
3.95 
2.52 
2.60 

No 02 w a s  detected.  

c a r b o n a t e  (C032-). T h i s  c a u s e s  t h e  amount  h y p o t h e s i s .  
o f  C 0 2  b e i n g  r e l e a s e d  i n t o  t h e  s t e a m -  
p h a s e  t o  i n c r e a s e  a n d ,  s i n c e  C 0 2  i s  t h e  The amount  o f  N 2  i n  t h e  r e s e r v o i r  
m a j o r  g a s ,  t h e  t o t a l  g a s  c o n t e n t  h a s  s u b s t a n c i a l l y  i n c r e a s e d  b e t w e e n  1977 
i n c r e a s e s .  A s e c o n d ,  S m a l l e r  b o i l i n g  Zone and  1982 ( ~ 5 ~ .  2 ) .   hi^ i n c r e a s e  in 
may b e  p r e s e n t  a r d u n d  M - 1 9 A  a n d  M-25. 

No v e r y  h i g h  g a s  c o n t e n t s  ( > ~ . O X ~ O - ~  
m o l e  f r a c t i o n  o n  F i g .  1) were f o u n d  i n  
1982. W e l l s  M-20, M-21A, a n d  M - 2 7  w e r e  
s h u t  i n  a t  t h e  t i m e  c o l l e c t i o n s  w e r e  made 
b e c a u s e  o f  l ow e n t h a l p i e s  a n d  low 
p r o d u c t i o n .  D e s p i t e  a l a c k  o f  d a t a  f r o m  
t h e s e  w e l l s ,  e x p a n s i o n  o f  t h e  b o i l i n g  
z o n e  o b s e r v e d  i n  1977 a p p a r e n t l y  h a s  b e e n  
h a l t e d  a n d ,  a t  l e a s t  n e a r  M-31 and  M 7 3 5 ,  
may h a v e  r e c e d e d .  A s m a l l  b o i l i n g  z o n e  
may s t i l l  b e  c e n t e r e d  a r o u n d  M-25. 

I n  two i n s t a n c e s ,  p a i r s  o f  
n e i g h b o r i n g  w e l l s  show a n  u n u s u a l l y  low 
g a s  c o n t e n t  i n  o n e  w e l l  and  u n u s u a l l y  
h i g h  c o n t e n t  i n  t h e  o t h e r  (M-48 and M - 8 4 ,  
M-35 a n d  M-31). I t  a p p e a r s  s team fo rmed  
n e a r  t h e  w e l l  w i t h  low g a s  c o n t e n t  i s  
b e i n g  d i s c h a r g e d  by  t h e  n e i h b o r i n g  w e l l .  
E n t h a l p y  m e a s u r e m e n t s  s u p p o r t  t h i s  

N2 (1982 con ;our s )  c o r r e l a t e s  w e l l  w i t h  
t h e  d e c r e a s e  i n  a q u i f e r  c h l o r i d e  
o b s e r v e d  i n  1977 ( F i g . 3 ) .  T r u e s d e l l  e t  
a l .  (1979) p r o p o s e d  t h a t  t h e  d e c r e a s e  
i n  c h l o r i d e  w a s  d u e  t o  drawndown o f  
c o l d  w a t e r  i n t o  t h e  r e s e r v o i r .  One wou ld  
e x p e c t  a n  i n c r e a s e  i n  N 2  and  A r  i n  t h e  
r e s e r v o i r  b e c a u s e  t h e  s o l u b i l i t i e s  o f  
t h e s e  g a s e s  a r e  g r e a t e r  i n  c o l d  water  
t h a n  i n  h o t  w a t e r .  Oxygen would  r e a c t  
w i t h  H 2 S  a n d  b e  r emoved .  A l l  o f  t h e s e  
c h a n g e s  were o b s e r v e d .  

RELATIONSHIP OF SURFACE FEATURES A N D  WELLS 

Mercado (1975) p r e s e n t e d  t e m p e r a t u r e  
d i s t r i b u t i o n s  f o r  t h e  C e r r o  P r i e t o  f i e l d .  
T h e s e  d a t a  showed t e m p e r a t u r e  c o n t o u r . s  
r i s i n g  f r o m  t h e  n o r t h e a s t  t o w a r d  t h e  
s o u t h w e s t .  Cold  w a t e r  f r o m  t h e  S i e r r a  
Cucapsh  i n t r u d e s  f rom t h e  w e s t  a t  a d e p t h  
o f  a b o u t  1 ,000m.  T h e r m a l ' w a t e r  r e a c h e s  ' 

e 
e 

e 
e 

e 
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t h e  s u r f a c e  n o r t h w e s t  a n d  s o u t h w e s t  o f  
t h e  g e o t h e r m a l  f i e l d  a n d  i s  e x p r e s s e d  a s  
h o t  p o o l s ,  mud  p o t s ,  e t c .  ( F i g .  4 ) .  

C h e m i c a l l y ,  t h e  g a s  c o m p o s i t i o n  of  
s u r f a c e  f e a t u r e s  s h o u l d  b e  r e l a t e d  t o  g a s  
c o m p o s i t i o n  o f  w e l l s .  D i f f e r e n c e s  s h o u l d  
b e  c a u s e d  by  r e a c t i o n s  w i t h  g r o u n d w a t e r s  
a n d  r e e q u i l i b r a t i o n  t o  l o w e r  t e m p e r a t u r e s .  
A t r i a n g u l a r  p l o t  o f  t h r e e  m a j o r  g a s e s ,  
C02,-H2S, a n d  N 2  ( F i g .  5 ) ,  s h o w s  t h a t  
s u r f a c e  f e a t u r e s  h a v e  l o s t  H2S a n d  g a i n e d  
N2 r e l a t i v e  t o  t h e  w e l l s .  L o s s  o f  H2S i s  
g r e a t e r  i n  s u r f a c e  f e a t u r e s  n o r t h w e s t  o f  
t h e  p r o d u c t i o n  f i e l d  t h a n  i n  t h o s e f e a t u r e s  
t o  t h e  s o u t h w e s t .  HzS i s  l o s t  by  a 
c o m b i n a t i o n  o f  t w o  p r o c e s s e s  r e a c t i o n  
w i t h  m e t a l  o x i d e s  a n d  s i l i c a t e s  t o  f o r m  
m e t a l  s u l f i d e s  ( p a r t i c u l a r l y  p y r i t e )  o r  

d i s s o l v e d  i n  wa te r  t o  f o r m  s u l f a t e s .  T h e  
f i r s t  p r o c e s s  a p p e a r s  t o  b e  d o m i n a n t  a t  

0 8 4  r e a c t i o n  w i t h  o x y g e n  i n  a i r  o r  a i r  

4 8  C e r r o  P r i e t o .  

N i t r o g e n  c o n t e n t  i s  g r e a t e r  i n  t h e  
s o u t h e r n  s u r f a c e  f e a t u r e s  t h a n  i n  t h e  

e 5 1  n o r t h e r n  o n e s .  I n  a d d i t i o n ,  t h e  n i t r o g e n  
c o n t e n t  d e c r e a s e s  away f r o m  t h e  p r o d u c t i o n  
f i e l d  w i t h i n  e a c h  g r o u p .  T h i s  i s  b e c a u s e  

Fig* Mole f r a c t i o n  g a s  ( ~ 1 0 3 )  i n  r e s e r v o i r  (CPI) of a g r e a t e r  p e r c e n t a g e  o f  c o l d ,  C o l o r a d o  
Gas en f racc io 'n  de mol ( ~ 1 0 3 )  e n  e l  R i v e r  wa te r  i n  t h e  s u r f a c e  f e a t u r e s  
yac imiento  (cPI) . n e a r e s t  t h e  f i e l d .  

e 4 2  

e11 

46 
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0 84 
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Fig.  2. Mole f r a c t i o n  N2 i n  r e s e r v o i r  (CPI) 
N 2  en f racc io 'n  de  mol e n  e l  yacimiento 
(CPI) .  
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Fig .  3. Comparison between a q u i f e r  c h l o r i d e  and 
mole f r a c t i o n  N2 i n  r e s e r v o i r  (CPI )  
Comparacio'n e n t r e  10s c l o r u r o s  d e l  a c u i f e r o  
y el N2 en fraccio 'n  de mol en e l  yac imiento  
(CPI) ,  
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H Y D R O C A R B O N  G A S E S  I N  SURFACE A N D  WELLS* 

2 Kbmeters - 
Fig.4. Location of su r face  f e a t u r e s  analyzed f o r  

gases 
Ubicaci6n de l a s  manifestaciones 
s u p e r f i c i a l e s  ana l izadas  respec to  a gases.  

c02/2 

0 SURFACE FEATURES-1981 
A  WELLS-^^^^ 

Fig.5. C02-N2-H2S t r i a n g u l a r  diagram of Cerro 
P r i e t o  w e l l s  and su r face  f ea tu res  showing 
l o s s  of H2S and ga in  of N2 i n  su r face  
gases 
Diagrama t r i a n g u l a r  'C02-N2-H2S de 10s 
pozos y las manifestaciones s u p e r f i c i a l e s  
de Cerro P r i e t o  que muestra l a  pe'rdida de 
H2S y l a  obtencio'n de N2 en  gases 
s u p e r f i c i a l e s .  

The  d i s t r i b u t i o n  o f  h y d r o c a r b o n  
g a s e s  f r o m  s u r f a c e  f e a t u r e s  a n d  w e l l s  
f a l l s  i n t o  t h r e e  g r o u p s  t h a t  a r e  r e l a t e d  
t o  t h e  t e m p e r a t u r e f t i m e  r e g i m e :  

( 1 )  w e l l s  a b o u t  3000m d e e p ,  w i t h  
m e a s u r e d  n e a r  340°C ( f o r  e x a m p l e ,  
w e l l  E - 2 ) ;  

( 2 )  w e l l s  a b o u t  l O O O m  d e e p ,  w i t h  
m e a s u r e d  t e m p e r a t u r e s  n e a r  290°C 
( f o r  e x a m p l e ,  M-31); 

( 3 )  s u r f a c e  f e a t u r e s  ( f o r  e x a m p l e ,  
N-31-a 100°C f u m a r o l e ) .  

F i g .  6 p l o t s  t h e  h y d r o c a r b o n  
d i s t r i b u t i o n s  i n  t h e s e  t h r e e  s a m p l e s ;  
t a b l e  3 i d e n t i f i e s  t h e  h y d r o c a r b o n s  
p r e s e n t  by p e a k  number  a n d  l i s t s  t h e i r  
s e m i q u a n t i t a t i v e  c o n c e n t r a t i o n s .  A l t h o u g h  
c o m p o s i t i o n s  i n t e r m e d i a t e  t o  t h o s e  
p r e s e n t e d  h e r e  a l s o  were o b t a i n e d ,  t h o s e  
p r e s e n t e d  a r e  r e p r e s e n t a t i v e .  

S a m p l e s  n e a r  3 4 0 ° C  c o n t a i n  v e r y  
f e w  h y d r o c a r b o n s ,  .and t h e  a b u n d a n c e  o f  
t h o s e . p r e s e n t  were l o w  r e l a t i v e  t o  
m e t h a n e  ( F i g s .  6 a  a n d  7 ) .  Two 
e x p l a n a t i o n s  a r e  p o s s i b l e :  ( 1 )  c o a l  i s  
d e c o m p o s i n g  d i r e c t l y  i n t o  s m a l l  s t r a i g h t -  
c h a i n  h y d r o c a r b o n s  ( C l - 3 )  a n d  b e n z e n e ,  
o r  ( 2 )  i n t e r m e d i a t e  compunds  f o r m  w h i c h  
a r e  h i g h l y  u n s t a b l e  n e a r  340°C and  
decompose  a l m o s t  i m m e d i a t e l y  t o  C1-3 
h y d r o c a r b o n s .  The  i n c r e a s e d  
c o n c e n t r a t i o n  o f  h i g h  m o l e c u l a r  w e i g h t  
(C4-7) s t r a i k h t - c h a i n  a n d  b r a n c h e d  
h y d r o c a r b y $  a t  290°C ( F i g s .  6b a n d  7 )  
f a v o r - t h e  s e c o n d  e x p l a n a t i o n .  Many o f  
t h e s e  compounds  wou ld  b e  c o n s i d e r e d  
i n t e r m e d i a t e  b e t w e e n  c o a l  a n d  m e t h a n e .  
Lower t e m p e r a t u r e s  wou ld  a l l o w  h i g h e r  
c o n c e n t r a t i o n s  o f  t h e s e  'compounds t o  
a c c u m u l a t e  b e f o r e  d e c o m p o s i t i o n  o c c u r e d .  
C a r b o n  i s o t o p e  d a t a  f o r  t h e  i n d i v i d u a l  
h y d r o c a r b o n s  ( D e s M a r a i s ,  p e r s o n a l  
c o m m u n i c a t i o n )  s u p p o r t s  t h i s  t h e o r y .  

S low d e c o m p o s i t i o n  o f  i n t e r m e d i a t e  
h y d r o c a r b o n s  i s  e v e n  m o r e  e v i d e n t  i n  t h e  
s u r f a c e  s a m p l e s  ( F i g s .  6c  a n d  7 ) .  
M e t h a n e  c o n c e n t r a t i o n  i n  t h e s e  s a m p l e s  i s  
s u b s t a n t i a l l y  l o w e r  r e l a t i v e  t o  o t h e r  
h y d r o c a r b o n  c o n c e n t r a t i o n s  t h a n  i n  s a m p l e s  
f r o m  h i g h e r  t e m p e r a t u r e  r e g i m e s .  H e x a n e s  
(C6)  a n d  h e p t a n e s  (C7)  a r e  s e c o n d  o n l y  t o  
m e t h a n e  i n  c o n c e t r a t i o n s .  A t  100°C o r  
l e s s ,  i n t e r m e d i a t e s  a p p e a r  t o  b r e a k  down 
v e r y  s l o w l y ,  i f  a t  a l l .  

SUMMARY 

I n t e r p r e t a t i o n  o f  g a s  c o m p o s i t i o n s  
o f  w e l l  f l u i d s  i n  1977  s u p p o r t  c h e m i c a l  
e v i d e n c e  f o r  a l a r g e  b o i l i n g  z o n e  a r o u n d  
w e l l s  M-20, M-21A, M-8, M-27 a n d  M-35. 
S u b s t a n c i a l  c h a n g e s  i n  g a s  c o m p o s i t i o n s  
f r o m  1977  t o  1982 s u g g e s t  t h e  b o i l i n g  
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Table 3 .  Peak i d e n t i f i c a t i o n  and s e m i q u a n t i t a t i v e  
concent ra t ions  of hidrocarbons i n  
r e p r e s e n t a t i v e  w e l l s .  
I d e n t i f i c a c i G n  de h idrocarburos  en poz0S 
r e p r e s e n t a t i v o s  por  nGmero p ic0  y s u s  
concent rac iones  s e m i c u a n t i t a t i v a s .  

Well 
Peak Hydrocarbon E-2 M-31 N - 3 1  

1 
2 
3 
4 
5 
6 
7 
8 
9 

LO 
11 
12 
13 
14 

15 
16 
17  
18 

Methane 
Ethene 
Ethane 
Propene 
Propane 
2-methylpropane 
1-butene 
n-but ane 
2-butene 
2,2-dimethylpropane 
1-pen tene  
2-methylbutane 
n-pent ane 
Cyclopentane and 

n-hexane 
Benzene 
Unident i f ied  CJ 
U n i d e n t i f i e d  CJ 

(n-heDtane?) 

2-pentene 

25,000 
0.05 

3,500 
0 

250 
b 
0 

10 
0 
0 
0 
2 
2 

1 
1 

2 y 000 
0 

2 

50,000 
2 

15,000 
0 

4 000 
550 

0 
1,000 

0 
2 
0 

250 
300 

200 
1,000 
6,000 

300 

300 

2,000 
9 

45 
3 

15 
10 
15 
75 

7 
0.01 

1 
4 
7 

4 
30 

900 
25 

50 
19 Toluene 8 1,000 250 

z o n e  i s  n o  l a r g e r  e x p a n d i n g  a n d  h a s  
p o s s i b l y  r e c e d e d  d u e  t o  s h u t t i n g  i n  o f  
some t h e  wel l s .  T h e  1 9 8 2  d i s t r i b u t i o n s  . 
s h o w s  d r a w n d o w n  o f  g r o u n d w a t e r  i n t o  t h e  
r e s e r v o i r  f r o m  a b o v e .  

Gas c o m p o s i t i o n s  f r o m  s u r f a c e  
f e a t u r e s  i n d i c a t e  a l o s s  o f  H2S a n d  
i n c r e a s e  i n  N2 r e l a t i v e  t o  t h e  w e l l s .  
H2S i s  l o s t  by r e a c t i o n  w i t h  m e t a l  i o n s  
t o  f o r m  m e t a l  s u l f i d e s  o r  w i t h  a i r  t o  
f o r m  s u l f a t e .  N i t r o g e n  i s  i n t r o d u c e d  
w i t h  g r o u n d w a t e r  f r o m  t h e  e a s t  m i x i n g  
w i t h  t h e r m a l  water  a s  i t  a s c e n d s  t o  t h e  
s u r f a c e .  

H y d r o c a r b o n  c o m p o s i t i o n s  show 
l a r g e  v a r i a t i o n s  o w i n g  t o  r a p i d  
r e - e q u i l i b r a t i o n  w i t h  c h a n g e s  i n  
t e m p e r a t u r e .  

* T h i s  s e c t i o n  on h y d r o c a r b o n s  h a s  
b e e n  s u b m i t t e d  a n d  a c c e p t e d  f o r  
r e p r e s e n t a t i o n  a t  t h e  1 9 8 2  G e o t h e r m a l  
R e s o u r c e s  C o u n c i l  a n n u a l  m e e t i n g .  
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A. Well E-2 340"C, 2000 m 

16 

19 

B .  Well M-31 29OoCD 1000 m 

C. Fumarole N-31 100°Cy s u r f a c e  

F i g .  6 .  Chromatograms of  hydrocarbons 
Cromatogramas de h i d r o c a r b u r o s .  



Fig.? .  Relative abundances of s e l e c t e d  
hydrocarbons from w e l l s  E-2, M - 3 1 ,  and 
fumarole  N-31 
Cantidad r e l a t i v a  d e  h idrocarburos  
se lecc ionados  de  10s pozos E-2, M-31 y 
fumarola  N-31. 
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