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TEN YEARS OF COMMERCIAL EXPLOITATION OF THE AHUACHAPAN GEOTHERMAL FIELD 

T. CAMPOS 
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ABSTRACT 

Commercial E x ? l o i t a t i o n  o f  t h e  Ahuachapan Geothermal 
f i e l d  s t a r t e d  on June  1975 from r e s e r v o i r  c o n d i t i o n s  
which were f i r s t l y  e v o l u t i o n e d  by w e l l  d i s c h a r g e s  and 
r e i n j e c t i o n  t e s t s  performed i n  t h e  p e r i o d  1968-1975. I n  
t h e s e  e x p e r i m e n t s ,  some 2 3 . 6 ~ 1 0 ~  and 1 . 7 ~ 1 0 ~  m e t r i c  t o n s  
were e x t r a c t e d  and r e i n j e c t e d  r e s p e c t i v e l y .  T h i s  p a p e r  
d e s c r i b e s  t h e  w e l l s  and f i e l d  behaviour  over  t h e  p e r i o d  
1975-1985, i n  which t h e  e x p l o i t a t i o n  ha s  been c o n t i n u o u s  
and ha s  had ,  f o r  t h e  f i r s t  seven  y e a r s ,  a mass ive  r e i n -  
j e c t i o n  of  160°C s e p a r a t e d  b r i n e .  

Mass wi thdrawal  from t h e  f i e l d  ha s  had maximum r a t e s  i n  
t h e  o r d e r  o f  700 kg/sec  and i s  approaching  2 0 0 ~ 1 0 ~  me- 
t r i c  t o n s  i n  t h i s  y e a r .  R e i n j e c t i o n  r a t e s  were up t o  300 
kg/sec  and amounted t o  38x106 m e t r i c  t o n s .  A s  b o t h  ex- 
t r a c t i o n  and i n j e c t i o n  have so  f a r  t a k e n  p l a c e  i n  an  
a r e a  no more t h a n  1 km2, a c o n c e n t r a t e d  e x p l o i t a t i o n  h a s  
been  e x p e r i e n c e d .  

S i n c e  1982, t h e  f i e l d  h a s  been more c a r e f u l l y  e x p l o i t e d  
t o  reduce  r i s k s  i n  w e l l s  performance and t o  m a i n t a i n  i n  
o p e r a t i o n  t h e  t h r e e  g e n e r a t i n g  u n i t s  a l though n o t  t o  
t h e i r  f u l l  c a p a c i t y .  P a r a l l e l ,  t h i s  p e r i o d  ha s  a l lowed 
t o  o b s e r v e  t h e  b e h a v i o u r  o f  w e l l s  and f i e l d  w i t h o u t  r e-  
i n j e c t i o n ,  which is a l s o  d i s c u s s e d  h e r e .  

INTRODUCTION 

The Ahuachapan Geothermal f i e l d  ( f i g . 1 )  i s  a l i q u i d  do- 
mina ted  sys tem o f  secondary  p e r m e a b i l i t y ,  which ha s  a 
l o n g  h i s t o r y  o f  mass e x t r a c t i o n  ( s i n c e  1968) and r e i n -  
j e c t i o n  (1971, 1975-1982). u- 

The s u b- s u r f a c e  geology  of t h e  f i e l d  ha s  been d e s c r i b e d  
e l s e w h e r e  (Aumento e t . a l . ,  1982) ;  b u t  t h e  maiil f e a t u r e s  
i n  t h e  p r o d u c t i o n  a r e a ,  may be summarised (from s u r f a c e  
t o  bottom) as: 

a)  The San S a l v a d o r  Formation (Qua t e rna ry ) .  T h i s  forma- 
t i o n  i s  s u b d i v i d e d  i n t o  and upper u n i t  o f  l a v a s  and 
t u f f s  which o c c u r  t o  a b o u t  170 m dep th ;  and in te rme-  
d i a t e  sequence  of  p y r o c l a s t i c s  and a n d e s i t e s  which 
form a c o n t i n u o u s  v a r i a b l e  l a y e r  from 150 m i n . t h e  
w e s t  t o  520 m i n  t h e  s o u t h  and a c t s ,  i n  g e n e r a l ,  as 
an impermeable c a p ;  and f i n a l l y ,  a u n i t  of  Ahuachapan 
a n d e s i t e s  which o c c u r s  t h r o u g h o u t  t h e  a r e a  v a r y i n g  i n  
t h i c k n e s s  from 300 t o  470 m and ha s  an  e x c e l l e n t  se- 
condary p e r m e a b i l i t y  (main p r o d u c t i o n  zdne ) .  

b )  The Balsamo Formation (Miocene) .  The t o p  o f  t h i s  u n i t  
i s  d e f i n e d  by 50-100 m of  a n d e s i t e  b r e c c h i a  a l t e r n a -  
t i o n s .  It w a s  p e n e t r a t e d  some 100 m i n  t h e  hole Ah-31 
w h i c h i n t u r n  h a s  t h e  maximum depth  d r i l l e d  a t  Ahua- 
chapan (1500 m )  ; b u t  i t s  base  was n o t  reached .  

Commercial e x p l o i t a t i o n  s t a r t e d  on June  1975 w i t h  t h e  O- 

p e r a t i o n  o f  a 30 MW medium p r e s s u r e  steam u n i t .  Th i s  
i n i t i a l  c a p a c i t y  was i n c r e a s e d  by a 30 MW medium p r e s s u-  
r e  and a 35 MW medium/low p r e s s u r e  on  J u l y  l97G arid 
March 1981 r e s p e c t i v e l y .  However, a long- t ime o p e r a t i o n  
a t  t h i s  t o t a l  i n s t a l l e d  c a p a c i t y  ha s  no t  been a c h i e v e d  
s i n c e  t h e  f i e l d  began i n  1981 t o  show s e n s i b l e  p r e s s u r e  
and  mass f l o w  d e c l i n e s .  These r e s p o n s e s  a d v i s e d  t o  modi- 
f y  t h e  a s s o c i a t e d  e x t r a c t i o n / r e i n j e c t i o n  regimen and ac-  
c o r d i n g l y ,  v a r i a t i o n s  on both  e lements  of t h e  e s p l o i t a -  
t i o n  have been t r i e d  s u b s e q u e n t l y .  . .  

Thi s  s t u d y  concerns  e s s e n t i a l l y  w i t h  t h e  changes ir? 
p r e s s u r e ,  t e m p e r a t u r e  and d i s c h a r g e ,  which have t a k e n  
p l a c e  i n  r e l a t i o p  t o  d i f f e r e n t  e x p l o i t a t i o n  regimens 
imposed to  t h e  f i e l d  a l o n g  t h e  l a s t  t e n  y e a r s .  However, 
a s  t h e r e  w a s  an  e x p e r i m e n t a l  p e r i o d  (1968-1975)in which 
some m i l l i o n s  of m e t r i c  t o n s  were e x t r a c t e d  and r e i n j e c -  
t e d  i n  t h e  a c t u a l  p r o d u c t i o n  a r e a ,  t h e s e  even t s  have 
been accounted  f o r  t h e  a n a l y s i s .  

DEVELOPMENT O F  THE FIELD 

F ig .  2 shows t h e  c ronology  of  t h e  t h i r s t y - t w o  deep w e l l s  
(600-1500 m dep th )  which have  been d r i l l e d  i n  t h e  a r e a ,  
c o v e r i n g  some 6 km2 ( f i g .  3 ) .  
I t  can b e  observed  f r o m t h e s e  f i g u r e s  t h a t  a 50% of t h e  
t o t a l  d r i l l i n g  have been s u c c e s s f u l 1  i n  t h e  e l e c t r i c a l  
g e n e r a t i o n  and 6 w e l l s  have been g l o b a l l y  u t i l i z e d  f o r  
r e i n j e c t i o n  p u r p o s e s ;  b u t  a t  t h e  same t i m e t i t  h a s  a spa- 
t i a l  c h a r a c t e r i s t i c :  a l l  p r o d u c t i o n  and r e i n j e c t i o n  
w e l l s  a r e  s i t u a t e d  i n  a v e r y  sma l l  e x t e n s i o n  of  a r e a .  
T h i s  f a c t  would have i t s  own i m p l i c a t i o n s  i n  a e x t r a c - :  
t i o p ’ r e i n j e c t i o n  combined p roce s s .  

Regarding t o  t h e  e x t r a c t i o n ,  f i g . 4  i l u s t r a t e s  t h e  r e l a -  
t i v e  development which ha s  o c u r r e d  s i n c e  1968 between 
t h e  e x t e n s i o n  of t h e  p r o d u c t i o n  a r e a  and t h e  accumulated 
e x t r a c t e d  mass from it .  I n  t h e  e x t r a c t i o n  shown i n  f i g . 4  
( a ) ,  o n l y  some 1 0 ~ 1 0 ~  m e t r i c  t o n s  were added by t h e  com- 

m e r c i a l  e x p l o i t a t i o n  w i t h  t h e  f i rs t  u n i t  a l one ;  and r e -  
g a r d i n g  t o  t h e  p r e s e n t ,  t h e  d o t t e d  l i n e  i n  f i g .  4 ( b )  
r e p r e s e n t s  t h e  a c t u a l  i n m e d i a t e  p o s s i b i l i t y  f o r  a g r e a-  
t e r  p r o d u c t i o n  a r e a .  
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FIG. 3 - AHUACHAPAN GEOTHERMAL FIELD 

Neglec t ing  t h e  magnitudes of t h e  r e i n j e c t i o n s  i n  Ah- 
5 (1971) and Ah-19 (1982) , t h e  h i s t o r y  o f  t h i s  ogera -  
t i o n  i n  Ahuachapan is t h a t  shown i n  f i g .  5. I n  t h i s  f i -  
g u r e ,  t h e  d i f f e r e n t i a t i o n  between t h e  p r o p e r  magnitudes 
of Ah-2 and Ah-29 ( b o t h  g e o g r a p h i c a l l y  e a s t e r n )  is  pos- 
s i b l e  because  Ah-2 was t h e  unique r e i n j e c t o r  d u r i n g  
1975 

I n  g e n e r a l ,  Ah-2 r e i n j e c t i o n  w a s  a l v a y s  coupled  t o  
t h a t  o f  Ah-29 u n t i l  1981 a n d ,  from t h i s  y e a r  a h e a d ,  t h e  
r e i n j e c t i o n  i n  Ah-8 s u f f e r e d  t h e  g r e a t e s t  i n t e r r u p t i o n s .  
As can be  n o t e d ,  t h e  g e o g r a p h i c a l l y  c e n t r a l  Ah-17 r e i n -  
j e c t i o n  w a s  g r e a t e r  t h a n  a t  t h e  east and w e s t ;  b u t  o n l y  
temporari1.y o p e r a t e d .  

The p r e v i o u s l y  c i t e d  a c t i o n s  on e x t r a c t i o n  and r e i n j e c -  
t i o n ,  d e p a r t e d  i n  1975 from t h e  r e s e r v o i r  c o n d i t i o n s  
shown i n  f i g s .  6 and 7. The  p r e s s u r e s  r e f e r e d  i n  f i g . 6  
and i n  t h e  f o l l o w i n g  d i s c u s s i o n ,  a r e  t h o s e  measured i n  
w e l l s  a t  a r e f e r e n c e  e l e v a t i o n  below s t a t i c  l i q u i d  l e -  
v e l s ;  i n  t h i s  c a s e ,  200 m . a . s . 1 . .  Maximum t e m p e r a t u r e s  
i n  f i g .  7 a r e  o n l y  u s e d  h e r e  t o  p r e s e n t  a b a s e  thermo- 
dynamic s t a t e  f o r  t h e  r e s e r v o i r  i n  1975. The roughly  
c i r c u l a r  p a t t e r n s  show c o l d  b o u n d a r i e s  t o  t h e  w e s t  and  
n o r t h ,  e x t e n s i o n  o f  t h e  f i e l d  t o  t h e  e a s t  and s o u t h-  
e a s t  ( a c c o r d i n g  t o  t h e  open h igh  c o n t o u r s )  and lows of 
35 kg/cm2g and  230°C i n  t h e  p r o d u c t i o n  area. 

I t  may be  c l e a r  a t  t h i s  p o i n t ,  t h a t  t h e s e  1974/75 con- 
t o u r s  do n o t  r e p r e s e n t  an  i n i t i a l  s t a t e  f o r  t h e  r e s e r -  
v o i r :  Going back towards  1968, i t  is found t h a t  b e s i d e s  
t h e  d i s c h a r g e s  from Ah-4 ( s i n c e  1 3 7 2 ) ,  and Ah-7, Ah- G 

( s i n c e  13701, t h e r e  was a l s o  a c o n t i n u o u s  d i s c h a r g e  from 
Ah-1 by t h e  two y e a r s  i n  which w a s  a l o n e  i n  t h e  area 
( 1 . 5 ~ 1 0 ~  metric t o n s ) .  So, it is o n l y  p o s s i b l e  t o  t a k e  
i n t o  account  t h a t  t h e s e  c o n t o u r s  are preceeded  by a t o -  
t a l  e x t r a c t i o n  of 2 3 . 6 ~ 1 0 ~  metric t o n s  and a l s o  by t h e  
r e i n j e c t i o n  o f  1 . 7 ~ 1 0 ~  m e t r i c  t o n s  of 160°C w a t e r  i n  Ah- 
5 (1971 tests) ( E i n a r s s o n  e t . a l . ,  1 9 7 5 ) .  

I-fAIN STAGES OF THE EXPLOITATION 

Regarding t o  s i g n i f i c a n t  v a r i a t i o n s  i n  t h e  e x t r a c t i o n /  
r e i n j e c t i o n  reg imens ,  t h e  commercial p e r i o d  has  had two 
major  s t a g e s  (see f i g .  8 ) :  

1 )  E x t r a c t i o n  w i t h  r e i n j e c t i o n .  From 1975 t o  1982. 
The e x t r a c t i o n  i n  t h i s  p e r i o d  was g r z d u a l l y  i n c r e a-  
s i n g ,  mos t ly  i n  f u n c t i o n  o f  p r o d u c e r s  a v a i l a b i l i t y , t o  
maximums o f  a b o u t  700 kg/sec (1981) : t h e  r e s t r i c t i o n s  
w e r e  o n l y  t h o s e  coming from o p e r a t i o n a l  needs , such  US 

c o n t r o l  a,nd i n v e s t i g a t i o n s  i n  wells, d i s p o s a l  of t h e  
waste water (when c h a n n e l  t o  t h e  s e a  w a s  n o t  y e t  a- 
v a i l a b l e )  and o t h e r s  s i m i l a r .  The f i r s t  par t ia l  s h u t-  
down was imposed t o  t h e  f i e l d  on May-July 1982 and  
marks a l s o  t h e  s t a r t - p o i n t  of a subsequent ly  r e g u l a-  
t e d  e x t r a c t i o n .  

The r e i n j e c t i o n  w a s  a l s o  i n c r e a s i n g  i n  f u n c t i o n  of a-  
v a i l a b i l i t y  of wel l s .These  w e r e  s e l e c t e d  a c c o r d i n g  to  
t h e i r  a b s o r p t i o n  c a p a c i t y  and r e l a t i v e  o u t e r  l o c a t i o n  
i n  t h e  a r e a .  T h i s  o p e r a t i o n  w a s  c o n t i n a o u s  f o r  t h e  
f i r s t  seven  y e a r s :  it had maximums o f  about  300 kg/- 
sec around  1977-1978 ( i n  cor respondence  w i t h  t h e  tem- 
p o r a r y  r e i n j e c t i o n  i n  Ah-17) and w a s  t o t a l i y  suspen-  
ded  i n  November 1982. Aside from t h a t  maximums, t h e  
b a s e  l e v e l s  of t h e  t o t a l  r e i n j e c t i o n  were approxima- 
t e l y  180 kg/sec ( u n t i l  beg inn ing  of  1981) and l a s t l y  
some 80 kg/sec.  G e o g r a p h i c a l l y ,  t h e s e  b a s e  l e v e l s  ha- 
v e  been i n j e c t e d  i n  t h e  east (Ah-29, Ah-2) and west 
(Ah-8). 
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2) E x t r a c t i o n  w i t h o u t  r e i n j e c t i o n .  1983-1985 
A s  c a n  b e  s e e n  i n  f i g . 8 ,  t h i s  p e r i o d  is c h a r a c t e r i z e d  
by a l e v e l  o f  e x t r a c t i o n  s i m i l a r  t o  t h a t  of t h e  pe- 
r i o d  1976-1980; b u t ,  d i s t i n c t i v e l y ,  i ts  f l u c t u a t i o n s  
are less. I t  can  b e  no ted  a l s o  t h a t  t h e  e x t r a c t e d m a s s  
f low ra te  i n  t h i s  p e r i o d  is  p r a c t i c a l l y  t h e  same a s  
t h e  n e t  mass f low r a t e  o f  t h e  p e r i o d  1978-1980. 

BEHAVTOUR OF THE FIELD AND WELLS 

F i e l d  P r e s s u r e  And Entha lpy  

F ig .  8 shows t h e  f i e l d  answers  i n  p r e s s u r e  and e n t h a l p y  
t h r o u g o u t  t h e  commercial e x p l o i t a t i o n  p e r i o d .  The p r e s-  
s u r e  l i n e  i n  t h i s  f i g u r e  h a s  been d i f f e r e n t i a t e d  up t o  
t h e  beq inn inq  of 1978: t h e  reason  b e i n g  t h e  d i f f e r e n t  
xean inq  and  p r e c i s i o n :  1975-1977 p r e s s u r e s  were averaged  
from Kus te r  measurements o f  some s e l e c t e d  w e l l s ,  which 
were c o n s i d e r e d  t o  b e  r e p r e s e n t a t i v e  of t h e  more e x p l o i -  
t c d  zone;  1973-1305 p r e s s u r s s ,  on t h e  o t h e r  har.d, come 
from Sperry-Sun c o n t i n u o u s  moni tor inq  i n  t h e  w e l l  bh-25 
(see f i g .  3 ) ,  and of c o u r s e ,  t h e i r  p r e c i s i o n  is  g r e a t e r .  
Thus, t h e  t o t a l  p r e s s u r e  l i n e  t h e r e  may be c o n s i d e r e d  
a s  a n  i n d i c a t o r  o f  t h e  l i q u i d  phase p r e s s u r e  v a r i a t i o n s  
i n  a zone of t h e  f i e l d  around Ah-25. Entha lpy  i n  t h i s f i -  
q u r e  i s  a weiqh tcd  a v e r a g e  obta in ,ed  from p r o d u c t i o n  wells 
d i s c h a r g i n g  i n  each  case. 

The l a s t ,  is  an  areal e v o l u t i o n  of d i s c h a r g e  e n t h a l p y  
and so, g i v e s  an i d e a  of t h e  change t o  b iphase  c o n d i-  
t i o n s  i n  some zones of t h e  r e s e r v o i r .  I t  i s  neccesary  t o  
c o n s i d e r  a l s o  t h a t  a l l  p r o d u c e r s  were, a t  t h e  beg inn ing  - 

of 1975, d i s c h a r g i n g  m i x t u r e s  of e n t h a l p i e s  e q u a l s  t o  or 
s l i g h t l y  h i g h e r  t h a n  t h o s e  of  s a t u r a t i o n  f o r  measured 
t e m p e r a t u r e s .  

F i g .  8 shows t h a t  t h e  r a t e  of p r e s s u r e  d e c l i n e  d i f f e r s  
between t h e  two e x p l o i t a t i o n  s t a g e s  and ,  i n  g e n e r a l ,  t h e  
g r e a t e s t  p r e s s u r e  d r o p s  o c u r r e d  when r e i n j e c t i o n  was 
o p e r a t i n g .  P r e s s u r e  w a s  go ing  t o  s t a b i l i z e  only a f t e r  
e n t h a l p y  i n c r e a s e d .  Entha lpy ,on  t h e  o t h e r  hand, a p p e a r s  
c o n s t a n t  a round  a low of  1100 k j / k g  up to t h e  beg inn ing  
of 1980, and t h e  r e a s o n  a p p e a r s  t o  be t h e  r e i n j e c t i o n - I n  
f a c t ,  as shown i n  f i g .  9 ( a ) ,  a f t e r  s u p r e s s i o n  of Ah-17 
r e i n j e c t i o n ,  a l l  t h e  zone w i t h  a p r e v i o u s  l o c a l i z e d  b i -  
phase  c o n d i t i o n  i n  Ah-6 and Ah-26, e v o l u t i o n e d  s p e - i a l l y  
t o  h i g h e r  v a l u e s  of e n t h a l p y .  A t  t h e  b e g i n n i n g  of 1981,  
Ah-17 d i s c h a r g e d  s a t u r a t e d  d r y  Steam and ccmanded t h e  
e n t h a l p y  h i g h  observed  i n  t h i s  y e a r .  The d i s c h a r g e  of 
Ah-17, a n  s p e c i a l  case i n  t h e  Ahuachapan f i e l d ,  has been 
s t u d i e d  by dynamic p r e s s u r e / t e m p e r a t u r e  and .flowmeter 
p r o f i l e s  and a c c o r d i n g  t? t h e s e ,  it o c c u r s  t h r o u g h a  s u r -  
f i c i a l  f r a c t u r e  which,  i n  t u r n ,  se rv*as  a s  a d r a i n a g e  f o r  
t h e  steam c a p  i n  t h a t  zone.  

I n  t h e  middle  of  1981, a n  " E x t r a c t i o n  Without  Re in jec t im 
T e s t "  took  p l a c e  and  o r i g i n a t e d  a d d i t i o n a l  en tha lpy  i n-  
crements  i n  o t h e r  w e l l s ,  ma in ly  Ah-4 and Ah-20, keep ing  
t h e  h i g h  f o r  t h e  whole y e a r .  Towards t h e  middle  o f  1982 
e n t h a l p y  was go ing  downbecause of some o t h e r w e l l s m o v e -  
ments ,  b u t  a f t e r  t h a t  it s t a r t e d  a deEined i n c r e a s i n g  
tendency  towards t h e  p r e s e n t  (see also f i g .  9 (b)) .Among 
t h e  s p e c i a l  problems caused  by t h e  r e i n j e c t i o n  i n  Ahua- 
chapan maythen b e  c i t e d : I t s  n e g a t i v e  e f f e c t  on e n t h a l p y .  

Downhole P r e s s u r e  and Water Leve ls  

F i g .  10 snows p r e s s u r e s  p r o f i l e s  c r o s s i n g  t h e  a r e a  a l o n g  
west-east and  sou th /wes t -nor th /eas t  d i r e c t i o n s ,  i n  1975, 
1977, 1980 and 1985. The o u t e r  w e l l s  i n  t h e s e  p r o f i l e s ,  
namely, Ah-9 ( s o u t h  west) , Ah-11 ( n o r t h ) ,  Ah-15 ( w e s t )  
and Ah-14 (eas t ) ,  do n o t  have  wel lhead  p r e s s u r e  and have  
had water l e v e l  t r e n d s  as  shown i n  f i g .  11. S i n c e  r e p o r-  
t e d  by measurements fbo th  f i g u r e s  showsone markedpressu-  
re/water l e v e l  v a r i a t i o n s  i n  Ah-9 (1977-1980) and A.h-11 
(1983) ; b u t ,  as s u g g e s t e d  a l so  by  f i e l d  o b s e r v e r s ,  t h e y  
may b e  o f  a r t i f i c i a l  o r i g i n .  So, p r e s s u r e  h a s  had p i v o t s  
i n  Ah-15 and Ah-9; b u t  10 and 6 kg/cm2 pressure d r o p s  
have o c u r r e d  i n  Ah-11 and Ah-14 r e s p e c t i v e l y .  Water l e-  
v e l s  of t h e s e  w e l l s  have f a l l e n  more o r  l e s s  uniformly,  
b u t  t h e  rate o f  f a l l  o f  Ah-11 i s  g r e a t e r  and  appears  t o  
be n o t  t o t a l l y  independent  o f  t h e  mass .c',ischay?e from 
t h e  f i e l d .  From t h e s e  r e s u l t s ,  b o t h  w e l l s  are connected 
t o  t h e  sys tem and c o l d  i n f l o w s  n i g h t  come from t h e  north. 

Temperatures i n  t h e  P r o d u c t i o n  Zones of t h e  Wells 

S t a t i c  t e m p e r a t u r e  p r o f i l e s  normal ly  o b t a i n e d  w i t h  Kus- 
t e r  i n s t r u m e n t s ,  have  shown t h a t  t h e y  would h a r d l y  advi-  
se i n  a s h o r t  t i m e  a low d e g r e e  a f f e c t i o n  of t h e  tempe- 
ratures i n  p r o d u c t i o n  zones .  When r e i n j e c t i o n  w a s  opera-  
t e d ,  . the  abnormal i n v e r s i o n s  were c o n s i s t e n t l y  shcwn by 
t h i s  measurements b u t  i n  a long  t i m e  t r e n d .  Fig.12 shows 
t h e  t e m p e r a t u r e  e v o l u t i o n  o f  t h e  p roducer  Ah-7. I n  gene- 
ra l ,  Ah-7 does  n o t  r e p r e s e n t  t h e  most  c r i t ica l  c a s e  w i t h  
r e s p e c t  t o  a f f e c t i o n s  o f  t h e  r e i n j e c t i o n  experiment;  b u t  
it i s  a n  i n t e r m e d i a t e  and u s e f u l  example because  of i t s  
e longed  a c t i v i t y  as a producer  ( s i n c e  1 9 7 0 ) .  The p r o f i -  
les from 1376 t o  1981 were g r a d u a l l y  d e f i n i n g  two i n v e r-  
s i o n s ,  which were n o t  c o m i n g  from t h e  n a t u r a l  e f f e c t s  
o f .  F l a s h i n g  i n  a h o l e .  A s  it h a s  Seen a l r e a d y  shown, 
r e i n j e c t i o n  i n  Ah-8 w a s  g r a d u a l l y  reduced  towards t h e  
end of 1981 and so, t h e  p r o f i l e s  o b t a i n e d  i n  Ah-7 s i n c e  
1982 appear  a c c o r d i n g l y  recovered .  The steam flow i n s t a -  
b i l i t i e s  observed  i n  Ah-7 i n  1981 a p p e a r  due  t o  t h e  f a c t  
t h a t  t h e  upper i n v e r s i o n  w a s  approach ing  200°C.CEL, 19831 

F ig .13  shows, t h e  case of  Ah-20 i n  a g l o b a l  ccr,pari.son 
o f  c o n d i t i o n s  between 1975 and 1385 which a l l o w s  t o  ob- 
s e r v e  a l l  p r e s s u r e  and  t e m p e r a t u r e  drops.As shown,unsta-  
b le  d i s c h a r g e  c o n d i t i o n s  were reached  by t h i s  vel1 i n  

The i n f o r m a t i o n  q i v e n  i n  f i g . 8  i s  complemented by f i g 9 .  
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AND TO 1984/1985 
ENTHALPY EVOLUTION FROM 1974 TO W30/1981 

1983 and a g a i n  i n  February  o f  t h i s  y e a r .  E v i d e n t l y , t h i s  
i s  a c a s e  i n  which t h e  t empera tu re  d e t e r i o r a t i o n  i s  mo- 
r e  a c e p t a b l e  a s  consequence of t h e  n a t u r a l  p r o c e s s  
of  p r o d u c t i o n .  ( I n  t h e  f i g u r e ,  p r o f i l e s  are of d iEfe -  
r e n t  dep th  because  of deepening o f  t h e  h o l e  i n  1982) .  

Well  D i scha rges  

The mean f e a t u r e s  o f  t h e  d i s c h a r g e  e v o l u t i o n  o f  .'!-?Ix- 
chapan w e l l s  are informed by t h e  r e p r e s e n t a t i i r e s c a s e s  in 
f i g s .  1 4  and 15. A s  can  be no ted ,  t h e  c u r v e s  i n  f i g .  14 
are t h o s e  o b t a i n e d  by t h e  R. James l i p  p r e s s u r e  method. 
The r e s p e c t i v e  s t a g n a t i o n  e n t h a l p y  f o r  each  c u r v e , p r x -  
t i c s l l y  c o n s t a n t  i n  most o f  t h e  w e l l s ,  i s  i n  f i g .  15. 
E x t r a p o l a t i o n  of mass flow t o  WHP =5.6  k73/cm2g has been 
needed i n  some w e l l s  (Ah-4, Ah-1) and f o r  t h i s  c a s e s ,  
e n t h a l p y  co r r e sponds  w i t h  t h a t  measured a t  t h e  l owes t  
we l lhead  p r e s s u r e s  o f  t h e  p roduc t ion  cu rve .  

I n  t h e s e  f i g u r e s  t h e r e  a r e  two p a t t e r n s  of  d i f f e r e n t  
meaning. F i r s t l y  ( s e e  f i g . 1 4 ) ,  t h e  f a s t  d i sp l acemen t  of 
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t h e  p roduc t ion  cu rves  which w a s  o c u r r i n g  i n  a l l  t h e  wells 
s i n c e  1975, c e a s e s  i n  1982 (whatever  en tha lpy  and w e l l  1 .  
The o t h e r  p a t t e r n  (fiq.15) shows a lesser r a t e  of d e c l i -  
ne whenever e n t h a l p y  i n c r e a s e s .  

Ah-4 cu rves  a r e  Up t o  March 1982 because  t h e  p e r f o m a n -  
c e  of t h i s  w e l l  was a r t i f i c i a l l y  modif ied  by a d r i l l i n g  
p r o c e s s  i n  August of t h a t  y e a r ;  h o w e v e r l i t  i s  shown be- 
cause  o f  i ts impor tance  i n  r e l a t i o n  w i t h  t h e  second pa- 
t t e r n .  

Bo th - . f i gu re s  show t h a t  a t  t h e  beginning o f  t h e  commerchl 
p e r i o d  a l l  w e l l s  had low e n t h a l p i e s  and on ly  Ah-6 and 
Ah-26 were r a p i d l y  go ing  up t o  b iphase  c o n d i t i o n s  ( f i g . -  
15) Those  w e l l s  f o l l owing  a d i s c h a r g e  e v o l u t i o n  s i m i l a r  
t o  Ah-1 and Ah-7, accoun t  f o r  t h e  h igh  mass flow d e c l i n e  
and as it can  be  seen  from t h e  t r a y e c t o r i e s  i n  t h e  d i a-  
gram, a l s o  f o r  t h e  g r e a t e r  steam l o s s e s .  

The c a s e s  shown i n  f i g .  14 are r e p r e s e n t a t i v e  o f  t h e  e-  
v o l u t i o n  of  a l l  o t h e r  w e l l s  i n  Ahuachapan,except f o r  t h e  
special case of Ah-17, which has main ta ined  t h e  d r y  sa-  
t u r a t e d  steam c o n d i t i o n  a c q u i r e d  i n  1361, (CEL, 1982) .  
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A s  t h e  f i e l d  we igh ted  e n t h a l p y  w a s  low througho,,t  1975- 
1980, t h i s  p e r i o d  was t h e  most c r i t i c a l  f o r  t h e  d e c l i n a-  
t i o n  of well d i s c h a r g e s .  As w a s  c i t e d  b e f o r e ,  Ah-5 w a s  
o u t  of o p e r a t i o n  f o r  t h i s  r e a s o n .  

I n  f i g .  15 it can be no ted  a l s o  t h a t  t h e  h o r i z o n t a l  and 

TEMPE RATIJRE ( "C)  
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descendinq t r a y e c t o r i e s  imply t h e  g r e a t e s t  staam losses .  
AS t h i s  a f f e c t s  t h e  o p e r a t i o n  o f  t h e  power p l a n t  t h e y  
are ,  o f  c o u r s e ,  non d e s i r a b l e s .  

FIG. 12-TEh'l'ERATURE PROFILES BELOW LIQUID LEVEL IFJ AH-7 

5 
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FIG.14- TOTAL MASS FLOW EVOLUTDN 

CONCLUSIONS 

The behav iour  o f  t h e  f i e l d  d u r i n g  commercial e x p l o i t a -  
t i o n  h a s  shown t h e  f o l l o w i n g  main r e s u l t s :  1 )  The ra te  
of d e c l i n a t i o n  o f  t h e  l i q u i d  p r e s s u r e  w a s  g r e a t e r  i n  
t h e  r e i n j e c t i o n  s t a g e .  2 )  p r e s s u r e  s t a b i l i z a t i o n  obse r-  
ved i n  t h e  l a s t  y e a r s  w i t h o u t  r e i n j e c t i o n  is mos t ly  de- 
penden t  on  t h e  h i g h e r  e n t h a l p y  o r i g i n a t e d  from . a  more 
ex tended  b i p h a s e  c o n d i t i o n s  i n  t h e  area. 3)  F i e l d  en- 
t h a l p y  was a t  a c o n s t a n t  low l e v e l  w h i l e  r e i n j e c t i o n  
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was i n f l u e n c i n g  many produc t ion  w e l l s .  4) The degree  of 
d e p r e s s i o n  i n  t h e  c e n t r a l - n o r t h  zone of t h e  p roducc ion  
a r e a  coupled t o  t h e  response  t o  e x p l o i t a t i o n  of t h e  c o l d  
w e l l  Ah-11, p r o v i d e  a p o t e n t i a l  p o s s i b i l i t y  € o r  t h e o c c u -  
r r e n c e  o f  c o l d  i n f l o w s  t o  t h e  p r o d u c t i o n  a r e a .  5) The 
behav iour  o f  some producing w e l l s  d u r i n g  - r e i n j e c t i o n  
s t a g e  was r a t h e r  n e g a t i v e  i n  r e l a t i o n  to d i s c h a r g e  cha- 
r a c t e r i s t i c s  and p r o d u c t i o n  zone t empera tu res .Wel l s  nass 
f low r a t e s  and d i s c h a r g e  we l lhead  p r e s s u r e s  of t h e  pro-  
d u c t i o n  c u r v e s  d e c l i n e d  more a c c e l e r a t e d  i n  a l l  w e l l s  of 
l o w  e n t h a l p y .  6 )  The c o n d i t i o n s  of p r e v i o u s l y  a f f e c t e d  
p roducers  have been recovered  i n  t e m p e r a t u r e s  and d i s -  
charge  c h a r a c t e r i s t i c s . . I n  t h i s  p e r i o d  t h e r e  have been a 
s u p p r e s s i o n  of r e i n j e c t i o n  and a more s t a b l e  and minor 
l e v e l  of t o t a l  e x t r a c t i o n .  However, p r o d u c t i o n  zone tem- 
p e r a t u r e s  i n  t h e  c e n t r a l - n o r t h  zone a r e  s e n s i b l y  de- 
t e r i o r a t e d  e i t h e r  by t h e  con t inued  p r o d u c t i o n  a l o n e  o r  
by a d d i t i o n a l  c o l d  i n f l o w s  from t h e  n o r t h .  

By m u l t i d i s c i p l i n a r y  s y s t e m a t i c  o b s e r v a t i o n s  of : . i nd iv i-  
d u a l  w e l l s ,  e x p l o i t a t i o n  is  now more r e g u l a t e d .  T h i s  i n  
t u r n  have i m p l i e d  some r e d u c t i o n s  i n  t h e  g e n e r a t i o n  of 
e l e c t r i c a l  energy ,  b u t  it is  c o n s i d e r e d  neccesa ry  w h i l e  
t h e  pursued  e x t e n s i o n  of  t h e  p r o d u c t i o n  zone ta t h e  
s o u t h- e a s t  g i v e s  i ts  r e s u l t s .  
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