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RESERVOIR SIMULATION ON THE CERRO PRIETO GEOTHERMAL FIELD: 
A CONTINUINGSTUDY. 

*M. Castaiieda, **R. Mbrquez, *V. Are l l ano ,  **C.A. Esquer 

*Institute de I n v e s t i g a c i o n e s  E le ' c t r i ca s  
**Coordinadora E jecu t iva  de Cerro P r i e t o  

Mexical i ,  B . C . ,  Mexico 

INTRODUCTION 

The Cerro P r i e t o  geothermal f i e l d  i s  a l i q u i d -  
dominated geothermal r e s e r v o i r  of complex geo- 
l o g i c a l  and h y d r o l o g i c a l  s t r u c t u r e .  It is 10- 
ca ted  a t  t h e  sou the rn  end of t h e  Salton-Mexi- 
Ca l i  trough which i n c l u d e s  o t h e r  geothermal 
annomalies a s  Heber and East Mesa. Although 
i n  1973, t he  i n i t i a l  power p l a n t  i n s t a l l e d  ca- 
p a c i t y  was 75 MW of e l e c t r i c a l  power, t h i s  a- 
mount i nc reased  t o  180 MW i n  1981 as f i e l d  de- 
velopment cont inued.  I t  i s  expected t o  have 
a gene ra t ing  c a p a c i t y  of 620 MW by t h e  end of 
1985, when two new p l a n t s  w i l l  be completely 
i n  o p e r a t i o n .  Quest ions about  f i e l d  d e l i v e r -  
a b i l i t y ,  r e s e r v o i r  l i f e  and u l t i m a t e  recovery 
r e l a t e d  t o  planned i n s t a l l a t i o n s  are being 
p r e s e n t l y  asked. Numerical modeling s t u d i e s  
can g ive  very v a l u a b l e  answers t o  these  
q u e s t i o n s ,  even a t  t h e  e a r l y  s t a g e s  i n  t h e  
development of a f i e l d .  

An e f f o r t  t o  s i m u l a t e  t h e  Cerro P r i e t o  geo- 
thermal  r e s e r v o i r  has  been undergoing f o r  
almost two y e a r s .  A j o i n t  p r o j e c t  among Co- 
mision Fede ra l  de E l e c t r i c i d a d  (CFE), I n s t i -  
t u t o  de I n v e s t i g a c i o n e s  E l e c t r i c a s  ( I IE)  and 
Intercomp of Houston, Texas,  was c r e a t e d  t o  
perform r e s e r v o i r  eng inee r ing  and s i m u l a t i o n  
s t u d i e s  on t h i s  f i e l d .  The f i n a l  p r o j e c t  
o b j e c t i v e  is t o  s i m u l a t e  t h e  behaviour  of 
t h e  o l d  f i e l d  r eg ion  when p roduc t ion  from ad- 
d i t i o n a l  w e l l s  l o c a t e d  i n  t h e  undeveloped 
f i e l d  zones w i l l  be used f o r  f eed ing  t h e  new 
power p l a n t s .  

E a r l y  p r o j e c t  r e s u l t s  from a p re l imina ry  ma- 
t e r i a l  balance app l i ed  t o  t h e  o l d  p a r t  of 
t h i s  f i e l d  (Cerro P r i e t o  I r eg ion )  us ing  a 
s i m p l i f i e d  g e o l o g i c a l  model had i n d i c a t e d  
t h e  e x i s t a n c e  of a s t r o n g  co ld  water r echa rge  
i n t o  t h i s  r eg ion  (Castaiieda e t .  a l . ,  1982) .  
This  conc lus ion  agreed wi th  t h e  r e s u l t s  pre- 
s e n t e d  by p rev ious  au tho r s  (Westwood, 1981; 
Gran t ,  1982; Bermejo, 1979).  

Now, a t r i d i m e n s i o n a l  coa r se  g r i d  r e s e r v o i r  
model has  been extended over  t h e  e n t i r e  f i e l d  
as a d d i t i o n a l  r e s e r v o i r  i n fo rma t ion  has  been 
gene ra t ed  and become a v a i l a b l e  to .  t h i s  
p r o j e c t .  This  s tudy  p r e s e n t s  t h e  s i m u l a t i o n  
e f f o r t s  t o  o b t a i n  a r e s e r v o i r  p r e s s u r e  and 
en tha lpy  h i s t o r y  match of t h e  Cerro P r i e t o  I 
reg ion ,  u s ing  t h i s  coa r se  g r i d  model, when 
p roduc t ion  from o t h e r  f i e l d  r eg ions  is taken 

i n t o  account .  The i n f l u e n c e  of some r e s e r v o i r  
f e a t u r e s  ( i . e . ,  geo log ic  f a u l t s )  on t h e s e  
match as w e l l  a s  p r e d i c t i v e  c a l c u l a t i o n s  are 
a l s o  p re sen ted .  

RESERVOIR MODEL 

The extended f i e l d  a r e a  used i n  t h i s  simu- 
l a t i o n  s tudy  is presen ted  i n  f i g u r e  1. 
a r e a  (19.5 d) e n c l o s e s  t h e  p r a c t i c a l  bounda- 
ries of t h e  f i e l d ,  a s  they were de f ined  by 

This  

C F E ~  1 . 
The t r i d i m e n s i o n a l  coa r se  g r i d  model imposed t o  
t h i s  a r e a  was based on t h e  geo log ic  model pre-  
s e n t e d  by Cobo, 1981. Basing h i s  model on w e l l  
c u t t i n g s ,  he recognized f i v e  l i t h o l o g i c  u n i t s  
w i t h i n  t h i s  area t h a t  showed d i f f e r e n c e s  i n  
o r i g i n ,  mineralogy,  g rad ing ,  c o l o r ,  etc. From 
t h e  o l d e s t  t o  most r e c e n t ,  t h e s e  l i t h o l o g i c  
u n i t s  a r e :  b i o t i t e  g r a n i t e ,  g ray  s h a l e ,  co f fe -  
colored s h a l e ,  mudstone and unconsol idated s e -  
diments.  Most a l l  Cerro P r i e t o  w e l l s  a r e  com- 
p l e t e d  on the  g ray  s h a l e  and/or  coffe-colored 
s h a l e  u n i t s  a l though t h e r e  are some w e l l s  t h a t  
have reached t h e  g r a n i t i c  basement (Sgnchez 
and D e  l a  Peiia, 1981).  

Although t h i s  geo log ic  model r ep laced  t h e  one 
we had been us ing  i n  the  p re l imina ry  m a t e r i a l  
balance c a l c u l a t i o n  of t h i s  p r o j e c t  ( a  model 

they showed some similar i t ies  on both proposed 
l i t h o l o g i c  columns. Cobo's mine ra log ic  model 
was then  used mainly because t h e r e  was n o t  
enough r e s e r v o i r  i n fo rma t ion  i n  t h e  o t h e r  
model t o  c h a r a c t e r i z e  t h e  extended f i e l d  area. 

based on w e l l  logs i n t e r p r e t a t i o n ,  ( A l x i l  1978), 

Figure  2 p r e s e n t s  a t r i d i m e n s i o n a l  r ep resen ta -  
t i o n  of Cobo's con tour  map of t h e  top of t he  
gray s h a l e  u n i t .  This  f i g u r e  c l e a r l y  s u g g e s t s  
t h a t  t h e  f i e l d  a r e a  of s tudy  can be subdivided 
i n , 5  main b locks  (blocks I through V) l i m i t e d  
by t h e  r e s p e c t i v e  f a u l t s .  This  f i g u r e  a l s o  
sugges t s  t h a t  h o t t e r  r e s e r v o i r  zones a r e  ex- 
pec ted  t o  be found deeper  i n  t h e  s o u t h e a s t  
p a r t  of t h e  f i e l d  (Cerro P r i e t o  I T  a r e a )  as i t  
has  been i n d i c a t e d  by o t h e r  au tho r s  and con- 
f i rmed by d r i l l i n g  (Dominguez, 1982, Rivera  
et.  a l . ,  1982) .  

For s i m u l a t i o n  purposes ,  t h e s e  f i v e  i r r e g u l a r  
b locks  were r ep laced  by r e c t a n g u l a r  blocks bu t  
t h e  same r e s p e c t i v e  block area w a s  k e p t .  
F igu re  3 shows t h i s  schematic  r e p r e s e n t a t i o n .  
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F a u l t s  were inc luded  i n  t h i s  r e p r e s e n t a t i o n  
by a s s ign ing  t o  them a de f ined  dimension 
( th i ckness  of 50 m). For t h i s  s t u d y ,  Hidalgo 
and Pa tzcua ro  f a u l t s  were considered only ,  

Figure 4 shows t h e  model v e r t i c a l  r ep resen t -  
a t i o n .  Mainly, each block c o n s i s t s  of 4 
u n i t s :  1 )  a coo le r  a q u i f e r  (unconsol idated 
sediments) ove r ly ing  the  main geothermal  
r e s e r v o i r ,  2) a s h a l y  l a y e r  (Cobo's mudstone 
l a y e r  and sometimes r e f e r r e d  as a "cap rock" 
by o t h e r  a u t h o r s ) ,  3) a s h a l y  sand l a y e r  (gray 
s h a l e  coffe-colored s h a l e  u n i t s ) ,  considered 
as the  zone of geothermal i n t e r e s t  (h ighe r  
temperature  and h ighe r  pe rmeab i l i t y  zone, and 
4) t he  g r a n i t i c  basement. The th i ckness  of 
each u n i t  r e p r e s e n t s  an average va lue  f o r  
each block.  Cobo's contour  maps of each u n i t  
were used f o r  such purpose.  

The geo log ic  f a u l t s  were only inc luded  i n  t h e  
gray shale-coffe-colored s h a l e  u n i t .  Both 
f a u l t s  were s e a l e d  a t  t h e  mudstone l a y e r  and 
they d id  no t  con t inue  through t h e  unconsol i -  
dated sediments .  

FORMATION PROPERTIES 

For t h i s  s t u d y ,  t h e  rock p r o p e r t i e s  were de- 
termined by means of geophys ica l  w e l l  l og  
a n a l y s i s  and w e l l  test d a t a  (Castaceda e t .  
a l . ,  1982).  This  r a t h e r  scarce d a t a  w a s  no t  
s u f f i c i e n t  t o  d e f i n e  t h e  e n t i r e  area of s tudy  
o r  t o  c h a r a c t e r i z e  a l l  l i t h o l o g i c  u n i t s .  
Some rock p r o p e r t i e s  were i n f e r r e d  o r  assum- 
ed i n  zones where no in fo rma t ion  was availa- 
b l e .  F igu re  5 p r e s e n t s  t h e  a s s igned  reser- 
v o i r  parameters  t o  a l l  u n i t s .  

INITIAL CONDITI Oh's 

The i n i t i a l  f i e l d  temperature  d i s t r i b u t i o n  
used i n  t h i s  work i s  p resen ted  i n  f i g u r e  6 .  
These temperature  p r o f i l e s  were ob ta ined  
from i so te rm maps e l a b o r a t e d  from shu t - in  
w e l l s  temperature  d a t a  (CastaEeda e t .  a l . ,  
1983).  However, t he  temperature  d i s t r i b u t i o n  
of t h e  e a s t e r n  p a r t  of t he  f i e l d  may have 
been a f f e c t e d  by former e x p l o t a t i o n  of t h e  
western area. Thus, t h e  p re sen ted  tempera- 
t u r e  p r o f i l e s  f o r  t h e  p a r t  of t h e  f i e l d  
(blocks 3, 4,  and 5) w e r e  only used as an 
approximation t o  t h e  real  i n i t i a l  tempera- 
t u r e  v a l u e s .  

The i n i t i a l  p r e s s u r e  d i s t r i b u t i o n  w a s  com- 
puted by assuming a n  atmospheric  p r e s s u r e  
a t  t h e  ground s u r f a c e  and then  c a l c u l a t i n g  
a h y d r o s t a t i c  d i s t r i b u t i o n  of p r e s s u r e  w i t h  
depth,  s u b j e c t  t o  t h e  i n i t i a l  temperature  
d i s t r i b u t i o n .  These i n i t i a l  cond i t ions  
n e g l e c t  any changes t h a t  might have occurgd  
i n  t h e  wes te rn  f i e l d  area b e f o r e  1973. A l -  
though some w e l l s  were completed and t e s t e d  
i n  t h i s  area on t h e  l a t e  ~ O ' S ,  f u l l  product-  
i o n  s t a r t e d  i n  1973. 

The i n i t i a l  cond i t ions  imply t h a t  t h e  reser- 
v o i r  w a s  a t  s i n g l e  phase ( l i q u i d )  c o n d i t i o n  
p r i o r  to produc t ion  a t  Cerro P r i e t o .  I t  has  
been i n d i c a t e d  by some au thor s  (Grant e t .  a l .  
1981) t h a t  a l though t h e r e  was a r eg ion  of 
b o i l i n g  f l u i d  i n i t i a l l y  i n  t h e  r e s e r v o i r ,  t h i s  
r eg ion  w a s  l o c a l  and very small and t h a t  most 
o f  r e s e r v o i r  rock contained f l u i d  a t  s i n g l e  
phase ( : iquid) .  I f  t h a t  c o n d i t i o n  of b o i l i n g  
e x i s t e d  , n  t h e  r e s e r v o i r ,  t h i s  was a l o c a l  
phenomeno. and could n o t  be r ep resen ted  i n  
our coa r se  g r i d  model. 

BOUNDARY CONDITIONS 

P r e s e n t l y ,  t h e  f a c t  t h a t  a s t r o n g  recharge i s  
t a k i n g  p l a c e  a t  t h e  o l d  p a r t  of t h e  f i e l d  
(Cerro P r i e t o  I region)  is g e n e r a l l y  w e l l  ac- 
cepted al though t h e r e  has  been no agreement 
on t h e  magnitude and d i r e c t i o n  o f  such re- 
charge.  Some au thor s  (Bermejo, 1979; Sdnchez 
and De l a  Peiia, 1981) have suggested t h a t  
t h e r e  i s  a s i g n i f i c a n t  r echa rge  i n t o  t h i s  
r eg ion  from t h e  no r th  and east .  Others  (Grant 
e t .  a l . ,  1981; Lippman and Bodvarsson, 1982) 
have found t h a t  t h e  most of t h e  recharge comes 
from t h e  w e s t  and sha l lower  zones.  

I n  t h i s  s t u d y ,  a s t e a d y - s t a t e  recharge repre-  
s e n t a t i o n  w a s  selected. T h i s  r equ i r ed  p l a c i n g  
a q u i f e r  blocks ( o u t e r  e lements)  t o  t h e  r ec t an -  
g u l a r  g r i d  model. Aquifer  b locks  are de f ined  
as t h o s e  elements  i n  the  model t h a t  communi- 
c a t e  d i r e c t l y  w i t h  an a q u i f e r  t h a t  i s  n o t  i t- 
s e l f  modeled as p a r t  of t h e  c a l c u l a t i o n  g r i d  
bu t  whose e f f e c t s  are in t roduced  through t h e  
s p e c i f i c  a q u i f e r  terms. 
a q u i f e r  block i s  c a l c u l a t e d  as: 

The i n f l u x  i n t o  an 

i n f l u x  rate = VAB x (P.-Pn+l) RB wa te r lday  

where: 

P .  = i n i t i a l  block p r e s s u r e  

PMl = block p r e s s u r e  a t  end of t i m e  s t e p  

VAB = a q u i f e r  i n f l u x  c o e f f i c i e n t  RB/DAY/psi 

The a q u i f e r  blocks i n  t h e  model are: i n  t h e  
wes te rn  s i d e  of t he  model, nodes I=l, J=1 t o  
7; i n  the  no r the rn  s i d e ,  J=1, 1=1 t o  4 ;  i n  
t h e  e a s t e r n  s i d e ,  1-4, J=1 t o  7 ( i n  a l l  t h r e e  
s i d e s ,  l a y e r s  K = l  t o  1 8 ) .  I n  t h e  sou the rn  
s i d e ,  no recharge w a s  considered.  

I n i t i a l  temperature  p r o f i l e s  of pe r iphe ry  
w e l l s  were used t o  r e p r e s e n t  t h e  recharge 
temperature .  For t h e  wes te rn  s i d e  of t h e  
model, w e l l  M-6 (block I ) ,  w e l l  Q-743 (block 
II), w e l l  M-92 (block I V )  and w e l l  M-189 
(block V) were used f o r  such purpose.  Well 
M-94 (blocks I and 111) w a s  considered f o r  
t h e  no r the rn  s i d e .  For t h e  e a s t e r n  s i d e ,  
w e l l  H-2 (block 111) and w e l l  NL-1 (blocks 
I V  and V) . Figure  7 shows t h e s e  p r o f i l e s .  
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SIMULATION RUNS 

Intercomp's  geothermal r e s e r v o i r  s i m u l a t o r  
GEOTHERM) was used i n  t h i s  work. The f i n i t e  
d i f f e r e n c e  formulat ion of t h i s  s i m u l a t o r  i s  
exp la ined  by Coats,  1974. This  s i m u l a t o r  does 
no t  account f o r  t h e  presence of i n e r t  gases  o r  
f o r  va ry ing  concen t r a t ion  and p r e c i p i t a t i o n  of 
d i s so lved  s o l i d s .  

The g r i d  model r e p r e s e n t a t i o n  i n c l u d i n g  main 
b locks ,  l a y e r s ,  f a u l t s  as w e l l  as a q u i f e r  
blocks gave a t o t a l  of 504 elements .  

Rather  than s imula t ing  a s i n g l e  w e l l ,  groups of 
w e l l s  were formed according t o  t h e i r  l o c a t i o n  
i n  t h e  f i e l d  ( a t  a given main block)  and t h e i r  
depths  of open i n t e r v a l s .  I n  t h e  l a t t e r  case, 
the  open i n t e r v a l s  of each w e l l  were p r o j e c t e d  
on to  the  model v e r t i c a l  r e p r e s e n t a t i o n .  This  
procedure determined t h e  producing l a y e r s  of 
t he  model. F igu re  8 shows t h e  1 7  groups of 
w e l l s  formed i n  t h i s  manner and t h e i r  l o c a t i o n  
i n  t h e  g r i d  model. Some of t hese  w e l l s  are 
no t  p r e s e n t l y  on p roduc t ion  and they are not  
accounted f o r  i n  t h e  h i s t o y  match p rocess .  
They are w e l l s  needed f o r  t h e  two new power 
p l a n t s  and w i l l  become producers  i n  t h e  pre- 
d i c t i v e  c a l c u l a t i o n s .  

Product ion h i s t o r y  was taken from t h e  monthly 
p roduc t ion  d a t a  r e p o r t e d  by CFE. F igu res  9, 
10 and 11 show t h e  p roduc t ion  a s s igned  t o  each 
w e l l  i n  t h e  model f o r  b locks  I ,  I1 and some 
w e l l s  i n  block 111, r e s p e c t i v e l y ,  du r ing  t h e  
p roduc t ion  pe r iod  of March 1973-May 1983. 

The prime o b j e c t i v e  w a s  t o  match t h e  observed 
Cerro P r i e t o  I (block I i n  t h e  model) reser- 
v o i r  p r e s s u r e  and en tha lpy  h i s t o r y  under t h e  
s t e a d y - s t a t e  recharge assumption. These 
h i s t o r i e s  are p resen ted  i n  f i g u r e  1 2  and 13, 
r e s p e c t i v e l y .  Both h i s t o r i e s  are rep resen t -  
at ive of a 1200 m depth zone. The h i s t o r i e s  
sugges t  t h a t  t h i s  r e g i o n  has  remained s i n g l e  
phase ( l i q u i d )  du r ing  t h i s  p roduc t ion  p e r i o d  
(a t  least  u n t i l  1979).  Some au thor s  (Grant 
e t .  a l . ,  1981);  Lippman and Bodvarsson, 1982) 
have shown t h a t  a l though l o c a l  near-wel l  
b o i l i n g  i s  a common phenomenon i n  Cerro P r i e -  
t o ,  a more e x t e n s i v e  steam zone has  n o t  been 
formed i n  t h i s  p a r t  of t h e  f i e l d ,  under 
e x p l o i t a t i o n  c o n d i t i o n s .  

HISTORY MATCH RUNS 

To handle  t h e  recharge s t r e n g t h ,  a q u i f e r  i n -  
f l u x  c o e f f i c i e n t s  (VAB) were a s s igned  t o  t h e  
a q u i f e r  blocks.  The same recha rge  s t r e n g t h  
( i . e . ,  same VAB va lues )  were g iven  t o  each 
of t h e  t h r e e  recharge s i d e s  of t h e  model. 
This  combination may n o t  be unique and i t  i s  
p o s s i b l e  t h a t  an accep tab le  h i s t o r y  match 
could a l s o  be obtained w i t h  any o t h e r  combi- 
na t ion .  However, a t  t h i s  p o i n t ,  t h e r e  i s  
no t  enough f i e l d  in fo rma t ion  i n  t h i s  coa r se  
g r i d  model t o  determine such combination 
e x a c t l y .  

Because of t h e  s i n g l e  phase ( l i q u i d )  cha rac t e r -  
i s t i c  of t h i s  p a r t  of t h e  r e s e r v o i r  du r ing  t h e  
h i s t o r y  match p e r i o d ,  t h e  re la t ive pe rmeab i l i t y  
concept w a s  n o t  r e l e v a n t  i n  t h i s  set of runs.  
However, i f  a two-phase zone develops i n  o t h e r  
f i e l d  r eg ions  w i t h i n  the  model du r ing  these  
runs ,  t he  same Corey's curves  p re sen ted  i n  
r e fe rence  3 are used,  b u t  w i t h  r e s i d u a l  l i q u i d  
s a t u r a t i o n  of 0 . 3  and r e s i d u a l  vapor  s a t u r a t i o n  
of 0.05. 

For s i m u l a t i o n  s t u d i e s ,  t h e  s i n g l e  most i m -  
p o r t a n t  r e s e r v o i r  parameter  i s  i t s  pe rmeab i l i t y .  
Although rock p o r o s i t y ,  c o m p r e s s i b i l i t y ,  hea t  
conduc t iv i ty  and h e a t  c a p a c i t y  d a t a  are a l s o  
needed f o r  s i m u l a t i o n  s t u d i e s ,  t he  e f f e c t s  of 
t hese  parameters  are n o t  as g r e a t  as those  of 
pe rmeab i l i t y  (Lippman and Bodvarsson, 1982) .  
Therefore ,  t h e  matching procedure w a s  t o  va ry  
t h e  r e s e r v o i r  p e r m e a b i l i t i e s  i n  t h e  p roduc t ion  
zones (gray shale-coffe-colored s h a l e  u n i t s )  i n  
combination wi th  t h e  v a r i a t i o n  of t he  a q u i f e r  
i n f l u x  c o e f f i c i e n t s .  For  sake  of space ,  only 
t h e  most r e p r e s e n t a t i v e  s i m u l a t i o n  runs are 
p resen ted  h e r e .  

Figure 1 2  shows t h e  s imula t ed  p r e s s u r e  when 
the  i n i t i a l  r e s e r v o i r  parameters  p re sen ted  i n  
f i g u r e  5 were used ,  f o r  a q u i f e r  i n f l u x  coef-  
f i c i e n t s  of 2 5 ,  100  and 300. I n  t h i s  case, 
k = 50 md and k = 10 md, f o r  t he  p roduc t ion  
zone. A s  i t  canVbe observed,  s imulated 
p r e s s u r e s  were h ighe r  than the  observed v a l u e s .  
To ob ta in  a more g radua l  p r e s s u r e  drop through- 
ou t  t i m e ,  t h i s  r a t h e r  low k /k r a t i o  of 5 was 
inc reased  t o  1 0  (an  a c c e p t a h l e v r a t i o  va lue  f o r  

h sedimentary r e s e r v o i r s ) .  Keeping t h e  same k 
va lue ,  t h e  v e r t i c a l  p e r m e a b i l i t y  (k ) w a s  re- 
duced t o  5 m d .  Figure 12 a l s o  shows t h i s  case 
when a VAB v a l u e  of 200 i s  used. The res- 
p e c t i v e  s imula t ed  en tha lpy  i s  p resen ted  i n  
f i g u r e  13. 

Although a p e r f e c t  p r e s s u r e  match w a s  obtained 
f o r  t h r e e  of t h e  f o u r  observed v a l u e s ,  i t  w a s  
decided t h a t  t h e  same weight  should be given t o  
t h e  f o u r  observed p o i n t s .  An a d d i t i o n a l  
p r e s s u r e  drop could be ob ta ined  i f  t he  a q u i f e r  
i n f l u x  c o e f f i c i e n t s  were reduced ( i . e . ,  less 
recharge)  b u t  t h i s  Procedure would tend t o  
dec rease  t h e  coo l ing  of t h a t  r e g i o n  ( i . e . ,  g i v e  
h ighe r  s imula t ed  e n t h a l p i e s )  and the  en tha lpy  
match could n o t  be ob ta ined .  Another method 
t o  produce an a d d i t i o n a l  p r e s s u r e  drop could 
be by reducing t h e  r e s e r v o i r  h o r i z o n t a l  permea- 
b i l i t y  and r e t a r d i n g  t h e  e f f e c t  of t h e  re- 
charge on t h e  r e s e r v o i r  p r e s s u r e .  To avoid an 
excessive p r e s s u r e  drop,  t h e  a q u i f e r  i n f l u x  
c o e f f i c i e n t  v a l u e s  have t o  be inc reased .  
Figure 1 4  p r e s e n t s  bo th  p r e s s u r e  and en tha lpy  
matches when k was reduced t o  30 md and a VAB 
of 1500 w a s  used ( t h e  kh/kv of 10 w a s  h e l d  
cons t an t )  . 
It i s  i n t e r e s t i n g  t o  n o t i c e  t h a t  t he  s i m u l a t o r  
p r e d i c t s  an i n c r e a s e  on r e s e r v o i r  p r e s s u r e  i n  
the  Cerro P r i e t o  I r e g i o n ,  a f t e r  t he  p e r i o d  of 
84 months ( i . e . ,  a f t e r  1979) .  Although no 
Cerro P r i e t o  I i s o b a r i c  maps have been made 

h 

V 

h 
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a f t e r  t h a t  p e r i o d  t o  v e r i f y  t h i s  r e s u l t ,  t h e  
above cculd be explained i f  we observe t h e  
p roduc t ion  h i s t o r y  of t he  w e l l s  # 2 and 3 on 
t h e  model. These w e l l s  are d i r e c t l y  responsi-  
b l e  f o r  t h e  p r e s s u r e  drop i n  t h a t  zone ( s e e  
f i g u r e  9 ) .  Though t h e  mass f l o w r a t e  of w e l l  3 
remains almost cons t an t  du r ing  t h i s  p e r i o d ,  t h e  
mass flowrate of w e l l  2 i n c r e a s e s  t o  a m a x i m u m  
and then i t  i s  reduced t o  a lmost  h a l f  of t h a t  
va lue  a f t e r  t h e  pe r iod  of 84 months. I f  t h i s  
p a r t  of the  f i e l d  w a s  being over-exploi ted,  
t h i s  mass f lowra te  r educ t ion  of w e l l  2 should 
r e s u l t  i n  a p r e s s u r e  i n c r e a s e  on t h a t  zone due 
t o  the  s t r o n g  a q u i f e r  recharge t h a t  i s  t ak ing  
p l a c e  i n  t h a t  r eg ion .  

The rise i n  the  observed enthalpy du r ing  t h e  
f i r s t  two y e a r s  could n o t  be reproduced by 
t h i s  model. It  i s  be l i eved  t h a t  such r ise  w a s  
produced by t a k i n g  i n t o  account  w e l l s  t h a t  were 
producing from an i n i t i a l  s m a l l  two-phase re- 
g i o n  (Grant e t .  a l . ,  1981) .  i n  t h e  c a l c u l a t i o n  
o f  t h e  o v e r a l l  en tha lpy  of Cerro P r i e t o  I for  
those  y e a r s .  

The coo l ing  of t h e  r eg ion  i s  due t o  r echa rge  
f l u i d  of lower temperature  coming from t h e  w e s t  
and n o r t h  s i d e s  o f  t h e  model, as w e l l  as t h a t  
coming from blocks I1 and I11 a t  t h e  same 
depth.  Add i t iona l  c o o l e r  f l u i d  may be coming 
from the  upper unconso l ida t ed  l a y e r .  Although 
t h e  v e r t i c a l  pe rmeab i l i t y  of t h e  mudstone l ay -  
er was  s e t  t o  5 md ( a  cons ide rab ly  lower va lue  
than t h e  r e s e r v o i r  p e r m e a b i l i t y ) ,  some a u t h o r s  
have shown t h a t  t h i s  va lue  could n o t  be s u f -  
f i c i e n t l y  small  t o  exclude s i g n i f i c a n t  down- 
ward flow through t h i s  l a y e r  (Grant e t .  a l . ,  
1981).  
i t  i s  only p o s s i b l e  t o  observe an o v e r a l l  
e f f e c t  of t h i s  r echa rge  phenomenon. 

EFFECT OF FAULTS 

The t r end  of t h e  Cerro P r i e t o  I observed en- 
t ha lpy  i n  Figure 13 s u g g e s t s  t h a t  such e n t h a l -  
py could s t a b i l i z e  a f t e r  t h e  84 months pe r iod .  
To exp lo re  such p o s s i b i l i t y ,  t h e  ve r t i ca l  
pe rmeab i l i t y  of t h e  f a u l t s  w a s  i n c r e a s e d  t o  
a l low f o r  mixing of more h o t  f l u i d  from t h e  
lower haye r s  w i t h  c o o l e r  r echa rge  f l u i d s .  
The d e s i r e d  o v e r a l l  e f f e c t  w a s  t o  dec rease  
t h e  d e c l i n e  r a t e  of t he  Cerro P r i e t o  I temper- 
a t u r e  ( i . e . ,  en tha lpy )  a t  t h a t  dep th .  A l -  
though t h e  f a u l t s  ve r t i ca l  p e r m e a b i l i t y  w a s  
i nc reased  t o  500, 1000 and even 10,000 md, 
t h e  e f f e c t  w a s  i n s i g n i f i c a n t  t o  be n o t i c e d  
on t h e  corresponding en tha lpy  graph.  

However, w i t h  t h i s  c o a r s e  g r i d  model, 

PREDICTION OF FUTURE PERFORMANCE 

A s i n g l e  p r e d i c t i o n  of f u t u r e  performance of 
t he  Cerro P r i e t o  I r eg ion  ( i . e . ,  a f t e r  1983) 
was performed. The c a l c u l a t i o n  w a s  merely 
an e x t e n s i o n  o f  t he  matched performance up 
through May of 1983. The s i m u l a t o r  was 
allowed t o  run f o r  an a d d i t i o n a l  20 y e a r s .  
Figure 15 p r e s e n t s  t h e  r equ i r ed  mass f low 
ra te  t o  i n t e g r a t e  t h e  two new power p l a n t s ,  
t h e  w e l l s  t h a t  w i l l  become producers  and t h e  
approximated d a t e s  of t he  p l a n t s  s t a r t i n g  

o p e r a t i o n  (POISE, 1983).  The mass f low rate 
of t h e  a l r e a d y  producing w e l l s  was he ld  
c o n s t a n t  a t  t h e  ya lue  r epor t ed  by CFE i n  May 
of 1983. 

Figure 1 6  shows t h e  p r e d i c t e d  p r e s s u r e  and 
en tha lpy  performance of t h i s  r eg ion .  A t  t h e  
end of t h i s  p e r i o d ,  t h e  p r e s s u r e  has  s lowly 
dec reased  t o  96 b a r s .  The r e s e r v o i r  en tha lpy  
has  decreased t o  1030 KJ/Kg, corresponding t o  
a l i q u i d  water temperature  v a l u e  of 237'C. 

The en tha lpy  d e c l i n e  i s  not  l i n e a l  du r ing  t h i s  
pe r iod .  
es wi th  t i m e  and could p o s s i b l y  r e a c h  a 
c o n s t a n t  en tha lpy  value f o r  a longe r  pe r iod  of 
t i m e .  As mentioned b e f o r e ,  t h i s  phenomenon 
could be a l r e a d y  occur r ing  w i t h  t h e  observed 
Cerro P r i e t o  I en tha lpy .  I f  t h i s  i s  t h e  case, 
then t h e  p r e d i c t e d  en tha lpy  would be a p e s s i -  
mis t ic  va lue .  The re fo re ,  i t  would be worth- 
while  t o  con t inue  g e n e r a t i n g  t h i s  k i n d  of 
d a t a  t o  v e r i f y  such f i e l d  behaviour .  

Figure 17  compares t h e  p r e d i c t e d  p r e s s u r e  and 
en tha lpy  v a l u e s  t o  t h a t  of t h e  steam-water 
s a t u r a t i o n  cu rve .  As i t  can be observed,  t h e  
Cerro P r i e t o  I r eg ion  remained s i n g l e  phase 
( l i q u i d )  du r ing  t h e  p r e d i c t e d  pe r iod .  

The ra te  of en tha lpy  d e c l i n e  diminish-  

CONCLUSIONS 

1.- An accep tab le  p r e s s u r e  and en tha lpy  h i s t o r y  
match of t h e  Cerro P r i e t o  I r e g i o n  w a s  ob ta ined  
cons ide r ing  a s t e a d y - s t a t e  r echa rge  assumption, 
f o r  t h e  p roduc t ion  pe r iod  of 1973-1979. 

2.- A 30 y e a r s  p r e d i c t i v e  c a l c u l a t i o n s  us ing  
t h i s  coa r se  g r i d  model i n d i c a t e  t h a t  r e s e r v o i r  
p r e s s u r e  i n  t h i s  p a r t  of t h e  f i e l d  w i l l  s lowly 
dec rease  t o  96 b a r s .  However, t h e  r e s e r v o i r  en- 
t h a l p y  w i l l  con t inue  t o  d e c l i n e  b u t  a lower de- 
c l i n e  rate than  a t  t h e  beg in ing  of t h e  f i e l d  
e x p l o t a t i o n .  

3.- Because of t h e  s t r o n g  r echa rge  t a k i n g  p l a c e  
i n  t h i s  p a r t  of t h e  f i e l d ,  t h e  model p r e d i c t s  
t h a t  Cerro P r i e t o  I w i l l  no t  come i n t o  two 
phase c o n d i t i o n s  du r ing  t h e  p r e d i c t e d  p e r i o d ,  
under t h e  proposed e x p l o t a t i o n  program. 

4.- The Cerro P r i e t o  p r e d i c t e d  en tha lpy  of 
1030 KJ/Kg ( a  l i q u i d  water temperature  of 
237 C) could b e  a r a t h e r  p e s s i m i s t i c  va lue .  
Fu r the r  enthalpy d a t a  i s  needed t o  v a l i d a t e  
t h i s  conclusion.  

5.- Th i s  coa r se  g r i d  model s u g g e s t s  t h a t  t h e  
even tua l  demise of t h e  Cerro P r i e t o  I r eg ion  
would b e  a thermal  deg rada t ion  ( i . e . .  coo l ing  
e f f e c t )  r a t h e r  t han  a p r e s s u r e  d e c l i n e  i n  t h e  
classical  sense .  
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