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ABSTRACT 

Data of chemical and i s o t o p i c  cosiposition of 

f l u i d s  from Los Azufres geothermal w e l l s  i s  

i n t e r p r e t e d  i n  o r d e r  t o  c h a r a c t e r i z e  t h e  com- 

p o s i t i o n  of t h e  l i q u i d  phase, and t o  d e f i n e  

t h e  r e l a t i o n  between t h i s  phase and f l u i d s  from 

s team-producin g w e l l s  . 

Chemical and s p e c i f i c  en tha lpy  d a t a  show t h a t  

most w e l l s  cons idered  a r e  fed  a mixtureof  steam 

and l i q u i d .  Thus, f l a s h i n g  occurs  i n  t h e  f o r -  

mation. This  poses  a problem on t h e  i n t e r p r e -  

t a t i o n  of  i s o t o p i c  d a t a ,  because the  composition 

of t h e  feeding  mixture  need n o t  be r e p r e s e n t a  - 
t i v e  of  t h e  composi t ion of t h e  l i q u i d  phase i n  

t h e  r e s e r v o i r .  Two extreme a l t e r n a t i v e s  f o r  

t h e  i n t e r p r e t a t i o n  of i s o t o p i c  d a t a  are consid- 

e r e d .  I n  t h e  f i r s t  a l t e r n a t i v e  t h e  composition 

of  t h e  t o t a l  d i scharge  i s  considered t o  be t h e  

s a m e  a s  t h a t  of  t h e  l i q u i d  i n  t h e  r e s e r v o i r .  I n  

t h e  second a l t e r n a t i v e  t h e  feeding  f l u i d  i s  con 

s i d e r e d  t o  be a mixture  of t h e  l i q u i d  phase i n  

t h e  r e s e r v o i r  and t h e  c a l c u l a t e d  f r a c t i o n  of 

steam. I n  a d d i t i o n ,  t h i s  steam is  assumed t o  

s e p a r a t e  from a much l a r g e r  mass of t h a t  l i q u i d  

phase a t  t h e  downhole temperature .  The c o n t r i  

b u t i o n  of steam i s  then  s u b s t r a c t e d  from t h e  t: 

t a l  d ischarge  t o  y i e l d  t h e  composition of  t h e  

l i q u i d  phase. Using d a t a  f o r  s i l i c a  concentr! 

t i o n  i n  t o t a l  d i s c h a r g e  and s e p a r a t e d w a t e r ,  t h e  

c h l o r i d e  concent ra t ion  i n  t h e  r e s e r v o i r  l i q u i d  

i s  c a l c u l a t e d .  This  r e s u l t  i s  used t o  c a l c u  - 
l a t e  t h e  f r a c t i o n  of steam i n  t h e  feeding  mix- 

t u r e  of each w e l l .  The i s o t o p i c  d a t a  i s  then  

c o r r e c t e d  a s  proposed f o r t h e  s e c o n d a l t e r n a t i v e ,  

t o  y i e l d  t h e  composition of t h e  l i q u i d  phase. 

Comparison of t h e  c o r r e c t e d  and uncorrec ted  is? 

t o p i c  valuesshows t h a t  t h e  c o r r e c t i o n  has  an 

important  e f f e c t  on ly  when t h e  steam mass f r a c -  

t i o n  i n  t h e  feeding  mixture  is l a r g e  (> 20%).  

The c o r r e c t i o n  tends  t o  reduce t h e d i s p e r s i o n o f  

d a t a  p o i n t s  i n  a 6 D v s  6 " O  diagram. P o i n t s  

r e p r e s e n t i n g  composition of l i q u i d  phaseshowan 

approximately l i n e a r  d i s t r i b u t i o n ,  sugges t ing  a 

process  of mixing o f  two f l u i d s .  Avai lab le  d a t a  

appears  t o  rule o u t  t h e  p o s s i b i l i t y  of  mixture  

w i t h  l o c a l  meteor ic  o r  shal low ground waters .  

Some s p a t i a l  c o r r e l a t i o n s  of composition a r e  no_ 

t e d .  The composition of  f l u i d s  produced by two 

steam w e l l s  corresponds t o  steam s e p a r a t e d  from 

a much l a r g e r  mass of l i q u i d .  Temporal v a r i a -  

t i o n s  i n  t h e  composition of f l u i d  produced by 

steam w e l l  A-6 s u g g e s t s  t h a t  t h i s  w e l l  might be 

f e d  wi th  steam from more than one s e c t i o n  i n  the  

r e s e r v o i r .  

INTRODUCTION 

The chemical and i s o t o p i c  composition of hy - 
drothermal  f l u i d s  c o n s t i t u t e  one of  t h e  e a r l y  

important  s o u r c e s  of in format ion ,  which could be 

used t o  begin  t h e  c h a r a c t e r i z a t i o n  of a geothef 

m a l  r e s e r v o i r .  It is  p a r t i c u l a r l y  important  t o  

assemble as complete a s e t  o f  d a t a  as p o s s i b l e  

from t h e  p r e  - and e a r l y  e x p l o t a t i o n  s t a g e s ,  

s i n c e  t h i s  would provide  v a l u a b l e i n f o r m a t i o n o n  

t h e . n a t u r a 1  s t a t e  of t h e  system. This  i n  t u r n  

would make i t  p o s s i b l e  t o  monitor  t h e  changes 

o c c u r r i n g  i n  t h e  r e s e r v o i r  as e x p l o i t a t i o n b e g i n s  

and proceeds.  
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Giggenbach and Quijano (1981) have assembled a 
set of data of isotopic and chemicalcomposition 
of fluids from geothermal wells in Los Azufres 
field, as well as from hydrothermal springs and 
fumaroles of the area. They have interpreted 
the evidence in a study of the regional hydro - 
logy of the Cuitzeo - Los Azufres area. One of 
the major findings of this study is the clear 

difference between the isotopic composition of 
local meteoric and shallow underground waters, 
and the composition of the geothermal fluids. 

The authors have concluded that the reservoir 
fluid consists of paleowaters, and postulate a 

relation between the Los Azufres aquifer and 

thermal springs in the Cuitzeo - Araro area, 
some 30 kilometers north. 

The explored area in Los Azufres field covers an 
extension of about 30 Km (Fig. 1). The field 
is located in a mountain range, bounded on two 
sides by valleys. The average altitude of well 

heads is 2850-2900 meters above sea level; the 
valleys lie about 300 m to 500 m below. There 

are two main sections which have been selected 

for exploitation, based on favorable tempera - 
ture and permeability conditions. In the north 

ern section, known as the Maritaro area, one 

finds only wells that produce a mixture of water 
and steam. In the southern section, known as 

the Tejamaniles area, one finds steam-producing 
wells, interspersed with mixture - producing 
wells. The present contribution describes the 

results of a study of the hydrology of the Los 
Azufres reservoir. The main objective of this 

investigation has been to determine any possible 
differences among the liquid phases from the 
several sections of the field, and to determine 

the relation between the fluid emanating from 
steam-producing wells and the liquid phase. We 

have used a subset of the data included in the 
work of Giggenbach and Quijano (1981). 

2 

OBSERVATIONS 

Table 1 shows a set of chemical and isotopic 
composition data for fluids produced by wells 

from Los Azufres. The specific enthalpy of  

i 
I )  
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Fig. 1. Map of Los Azufres Geothermal Field. 

the total discharge is also shown. Values for 
the ionic species and silica refer to their 
concentration in the liquid separated at atmo- 

spheric pressure. The boiling temperature in 
Los Azufres area is 92°C. The delta values 

for deuterium and l80 refer to the composition 
of the total discharge. These values have 
been calculated from the composition of the 
liquid separated at atmospheric pressure, using 

data given by Truesdell et a1 (1977) for par- 
tition coefficlsnts of deuterium and l80 between 

the vapor and liquid phases. 

The Table includes isotopic data for fluids 
from two steam-producing wells (A-6 and A-17). 

For some of the mixture-producing wells iso- 
topic but not chemical data is available. 
Downhole temperatures obtained with Kuster 

type equipment are shown in T.able 2. Also 

shown are temperatures calculated by means of 

a Cationic Composition Geothermometer (Nieva 
and Nieva, 1982), the Na-K-Ca geothermometer 
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TABLE 1.- Chemical and i s o t o p i c  composition d a t a  of 
Los Azufres f l u i d s .  

DATE 
WELL H Na' K+ C1- SiO, 8O D OF 

L J I g  PPm SAMPLING 

A-1 1750 - - - - -3.94 -56.6 201 3/82 
A-2 1400 - - - - -4.33 -62.6 201 3/82 
A-4 1460 1804 499 3270 -4.44 -65.2 81 5/80  

A-5 1671 1638 465 2870 1250 -4.06 -62.4 131 1/81 
A-5 1885 1876 534 3320 1160 -4.03 -58.8 291 4/80 

A-6 2660 - - - - -4.26 -53.4 81 5/80  
A-6 2756 - - - - -4.83 -60.6 131 1 /81  
A-6 2673 - - - - -5.02 -55.7 201 3/82 
A-7 1360 1496 250 2460 780 -4.23 -65.0 171 4/80 
A-8 1570 1606 359 2760 1100 -4.67 -65.8 261 4 /80  
A-13 1234 1499 390 2580 1020 -2.76 -60.4 141 1 /81  
A-13 1490 - - - - -2.57 -57.2 201 3/82 
A-16D 1230 - - - - -3.72 -58.9 201 3/82 

A-17 2673 - - - - -5.06 -58.8 201 3/82 
A-19 2452 1689 475 3060 1050 -5.21 -62.4 131 1 /81  

H = s p e c i f i c  en tha lpy  

(Fourn ier  and T r u e s d e l l ,  1973) and t h e  r e v i s e d  

s i l i c a  geothermometer (Fourn ier  and P o t t e r  11, 

1982). 

among the  v a l u e s  c a l c u l a t e d  wi th  t h e  d i f f e r e n t  

geothermometers. The measured v a l u e s ,  on t h e  

o t h e r  hand, seem t o  be c o n s i s t e n t l y  below the  

c a l c u l a t e d  v a l u e s .  Furthermore,  t h e  measured 

v a l u e s  would appear  t o  be low a l s o  from a con- 

s i d e r a t i o n  of t h e  s p e c i f i c  e n t h a l p i e s  of t o t a l  

d i scharge .  Given these  o b s e r v a t i o n s  and t h e  

g e n e r a l  agreement among t h e  geothermometers, 

on ly  the  l a t t e r  have been considered i n  s e l e c -  

t i n g  a v a l u e  of downhole temperature  f o r  each 

w e l l .  The s e l e c t e d  v a l u e s  a r e  shown i n  Table 

In  a l l  cases  t h e r e  i s  good agreement 

L .  

I n  most c a s e s  l i s t e d  i n  Table 1, t h e  s p e c i f i c  

en tha lpy  of t h e  t o t a l  d i scharge  i s  consider-  

ab ly  i n  excess  of the  s p e c i f i c  en tha lpy  nf 

l i q u i d  water  a t  t h e  downhole temperature .  

This  i m p l i e s  t h a t  phase s e p a r a t i o n  occurs  i n  

t h e  format ion ,  so t h a t  t h e  wel lbore i s  f e d  a 

mixture  of steam and l i q u i d .  

problem on t h e  i n t e r p r e t a t i o n  of  t h e  i s o t o p i c  

composi t ion of t o t a l  d i scharge .  This problem 

a r i s e s  from t h e  f a c t  t h a t ,  i f  phase s e p a r a t i o n  

occurs  i n  t h e  format ion ,  t h e r e  i s  no c e r t a i n t y  

t h a t  the  i s o t o p i c  composition of  t h e  t o t a l  

mixture  e n t e r i n g  t h e  w e l l  i s  r e p r e s e n t a t i v e  of 

This  poses  a 

TABLE 2.- Measured and c a l c u l a t e d  downhole 
temperatures  f o r  Los Azufres w e l l s .  

T DATE T * T o  T & WELL MEAS. CCG Na-K-Ca S iO,  OF 
"C O C  O C  O C  ' SAMPLING 

A- 1 
A- 2 
A-4 
A-5 
A- 7 
A- 8 
A-13 
A-13 
A-16D 
A-18 
A-19 

292 
2 80 
298 
2 70 
249 
2 75 
2 65 
265 
260 
250 
2 7 1  

304 - - 
304 290 285 141 4/80 
308 314 - 81 5/80 
311 318 308 131 1 /81  
25 1 254 262 171 4/80 
2 82 286 295 261 4/80 
300 300 287 141 1/81 
292 297 280 9/ 2/83 
26 1 265 255 91 2/83 
284 290 266 21 3/82 
310 312 290 131 1 /81  

* 
CCG = C a t i o n i c  Composition Geothermometer 

(Nieva and Nieva, 1982). 
'Na-K-Ca Geothermometer (Fourn ier  and 

%ioz = Revised and expanded s i l i ca  ( q u a r t z )  

T r u e s d e l l ,  1973). 

Geothermometer ( F o u m i e r  and P o t t e r ,  1982). 

t h e  undis turbed  l i q u i d  phase i n  t h e  r e s e r v o i r .  

The problem i s  p a r t i c u l a r l y  complex because 

only  p a r t  of t h e  steam p r e s e n t  i n  t h e  feeding  

mixture  might r e p r e s e n t  an excess ,  t h e  rest of 

i t  o r i g i n a t i n g  from l o c a l  b o i l i n g  ( s e e  Trues- 

d e l l  e t  a l ,  t h e s e  Proceedings,  and Nieva e t  a l ,  

1982, f o r  a d i s c u s s i o n  of t h i s  problem). In  

view of the  u n a v a i l a b i l i t y  of t h e  necessary  

informat ion  f o r  t h e  e s t i m a t i o n  of  excess  steam, 

i t  i s  decided t o  cons ider  two extreme a l t e m a -  

tives and t o  compare t h e  f i n a l  conclus ions .  

The f i r s t  extreme p o s i t i o n  i s  t o  cons ider  t h e  
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i s o t o p i c  composition of t h e  t o t a l  d i scharge  as 

i d e n t i c a l  t o  t h a t  of t h e  l i q u i d  phase i n  t h e  

r e s e r v o i r .  The o t h e r  a l t e r n a t i v e  i s  t o  con- 

s i d e r  as excess  a l l  the  steam p r e s e n t  i n  t h e  

mixture .  I n  t h i s  c a s e ,  i t  i s  a l s o  t o  be as- 
sumed t h a t  t h e  steam has s e p a r a t e d  from a much 

l a r g e r  mass of t h e  r e s e r v o i r  l i q u i d  a t  t h e  

downhole temperature .  Using p a r t i t i o n  coef-  

f i c i e n t s  f o r  deuter ium and l8O,  c a l c u l a t e d  a t  

t h a t  temperature ,  one can c o r r e c t  t h e  i s o t o p i c  

composition of t h e  t o t a l  d i scharge  i n  o r d e r  t o  

o b t a i n  t h e  composition of t h e  l i q u i d  phase,  

accord ing  t o  t h e  fo l lowing  express ions :  

0 = 1000 f ( 1  - a ) / a  (2) 

@ = 1 - f + ( f / a )  (3) 

where f is t h e  f r a c t i o n  of excess  steam i n  

t h e  mixture;* i s  t h e  atomic r a t i o  of  l80 

over  l 6 O  i n  the steam, d iv ided  by t h e  cor re-  

sponding r a t i o  i n  the  l i q u i d  phase,  a t  t h e  

downhole temperature .  The s u p e r s c r i p t s  2 
and r e f e r  t o  l i q u i d  phase and total 
discharge ,  r e s p e c t i v e l y .  The symbol s t a n d s  

f o r  l80 o r  D. I n  c a s e s  where a steam d e f i c i t  

i s  e s t i m a t e d ,  t h e  composition of t h e  l i q u i d  

phase i s  c a l c u l a t e d  from: 

(4) 

The f r a c t i o n  of steam i n  t h e  feeding  mixture  

i s  c a l c u l a t e d  from t h e  s i l i ca  c o n c e n t r a t i o n  

i n  the  t o t a l  d i scharge  and t h a t  i n  t h e  l i q u i d  

s e p a r a t e d  a t  a tmospheric  p r e s s u r e .  

l a t t e r  concent ra t ion ,  and t h e  assumption t h a t  

t h e  flow i n s i d e  t h e  borehole  occurs  a d i a b a t i -  

c a l l y ,  one can c a l c u l a t e  t h e  downhole tempera- 

t u r e  (Fourn ier  and P o t t e r  11, 1982).  I n  so 

doing one a l s o  o b t a i n s  t h e  e q u i l i b r i u m  con- 

c e n t r a t i o n  of s i l i ca  i n  t h e  l i q u i d  phase a t  
t h e  c a l c u l a t e d  downhole temperature .  Consider- 

i n g  t h i s  v a l u e  and t h e  s i l i ca  c o n c e n t r a t i o n  i n  

t h e  t o t a l  d i scharge ,  one o b t a i n s  t h e  f r a c t i o n  

of steam i n  t h e  f e e d i n g  mixture  by a s imple 

From t h e  

mass balance c a l c u l a t i o n .  Data and r e s u l t s  

f o r  t h i s  c a l c u l a t i o n  a r e  presented  i n  Table 3, 

f o r  t h e  cases  where s i l i ca  c o n c e n t r a t i o n s  are 

a v a i l a b l e .  I n  a l l  cases except  one, t h e  re- 
sults i n d i c a t e  t h e  presence  of a s u b s t a n t i a l  

f r a c t i o n  of steam i n  t h e  f e e d i n g  mixture;  i n  

t h e  case  of w e l l  A-19 t h e  steam c o n s t i t u t e d  

t h e  l a r g e r  p a r t  (80% i n  weight ) .  For w e l l  

A-13 a small steam d e f i c i t  i s  c a l c u l a t e d ;  g iven  

t h e  e r r o r s  i n  en tha lpy  measurements and s i l i c a  

de te rmina t ion ,  t h i s  r e s u l t  probably means t h a t  

t h e  w e l l  was  being f e d  only l i q u i d .  

TABLE 3.- Percent  steam i n  f e e d i n g  mixture  
c a l c u l a t e d  from s i l i c a  c o n c e n t r a t i o n .  
Chlor ide c o n c e n t r a t i o n  i n  t h e  t o t a l  
d i scharge ,  and c a l c u l a t e d  concentra-  
t i o n  i n  l i q u i d  phase i n  t h e  r e s e r v o i r .  

WELL H T "C SiOz % VAPOR 
J /g  ( S i 0 2 )  ppm 

S.W. t .d .  eq. 
A-5 1885 308 1250 427 703 39 
A-5 1671 300 1160 505 673 25 
A-7 1360 262 780 446 519 14 
A-8 1570 295 1100 528 653 19 
A-13 1234 287 1020 640 623 -3 
A-19 2452 290 1050 97 635 85 
H = s p e c i f i c  en tha lpy  of  t o t a l  d i scharge .  
S.W. = Water s e p a r a t e d  a t  atmospheric  p r e s s u r e .  
t .d .  = T o t a l  d i scharge .  
e .q .  = Equi l ibr ium c o n c e n t r a t i o n  of s i l i ca  a t  

es t imated  downhole temperature .  

The v a l u e s  of steam f r a c t i o n  c a l c u l a t e d  above, 

and t h e  c 5 l o r i d e  c o n c e n t r a t i o n  i n  t h e  s e p a r a t e d  

water ,  could  be used t o  estimate t h e  c h l o r i d e  

c o n c e n t r a t i o n  i n  t h e  l i q u i d  phase of  t h e  re- 

s e r v o i r .  

R e s u l t s  of t h e s e  c a l c u l a t i o n s  a r e  shown i n  

Table 4. The g e n e r a l  agreement between t h e  

s e v e r a l  c a l c u l a t e d  va lues  i s  c l e a r .  Two of  

t h e  s i x  v a l u e s  d e v i a t e  n o t i c e a b l y  from t h e  

rest. Since t h e s e  v a l u e s  correspond t o  the  

cases where t h e  steam f r a c t i o n  was l a r g e s t ,  

and t h u s  a r e  more l i k e l y  t o  r e s u l t  from over- 

c o r r e c t i o n s ,  they  were n o t  taken i n t o  account  

f o r  t h e  e s t i m a t i o n  of  an average va lue  of  

c h l o r i d e  c o n c e n t r a t i o n  i n  t h e  r e s e r v o i r .  The 

va lue  o b t a i n e d  i s  1650 ppm. 
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TABLE 4. 

-55 

L O  

WELL 

- 

A-5 
A-5 
A- 7 
A-8 
A-13 
A-19 

-60 

-65 

- Chloride c o n c e n t r a t i o n  i n  t o t a l  
d i scharge  and c a l c u l a t e d  conceE 
t r a t i o n  i n  the  l i q u i d  phase of  
t h e  r e s e r v o i r .  

CHLORIDE (ppm) 
t o t a l  l i q u i d  phase 

1134 1868 
1250 1667 
1407 1638 
1325 1638 
1619 15 75 
2 84 1856 

d ischarge  i n  r e s e r v o i r  bD 

- 

- 

I n v e r t i n g  t h e  mass balance c a l c u l a t i o n  r e f e r r e d  

t o  i n  t h e  l a s t  paragraph,  i t  i s  p o s s i b l e  t o  

c a l c u l a t e  t h e  f r a c t i o n  of steam i n  t h e  feeding  

mixture  from t h e  c h l o r i d e  c o n c e n t r a t i o n  i n  t h e  

t o t a l  d i scharge ,  and t h e  average c o n c e n t r a t i o n  

i n  t h e  l i q u i d  phase of t h e  r e s e r v o i r .  Table  5 

shows the  r e s u l t s  ob ta ined  f o r  samples l i s t e d  

i n  Table 1. I n  a few cases  of mixture-pro- 

ducing w e l l s  where chemical a n a l y s i s  d a t a  are 

not  a v a i l a b l e ,  t h e  f r a c t i o n  of  steam w a s  c a l -  

c u l a t e d  by means of  an en tha lpy  balance calcu-  

l a t i o n .  

TABLE 5.- Percent  steam i n  feeding  mixture  
c a l c u l a t e d  from c h l o r i d e  concentra-  
t i o n  i n  t o t a l  d i scharge .  Calcu la ted  
i s o t o p i c  composition of l i q u i d  phase. 

WELL % STEAM 180 D DATE OF 

SAMPLING 

A- 1 "29 -3.67 -57.5 201 3/82 
A-2 O 8 -4.25 -62.9 201 3/82 
A- 4 -4 -4.48 -65.1 81 5/80 
A-5 31 -3.77 -59.6 291 4/80 
A- 5 24 -3.86 -63.7 131 1/81 
A- 7 15 -4.00 -65.5 171 4/80 
A-8 20 -4.45 -66.5 261 4/80 
A-13 2 -2.74 -60.4 201 3/82 
A-13 "10 -2.47 -57.5 201 3/82 
A- 19 83 -4.53 -64.6 131 1/81 
A-16D 4 -3.66 -59.1 201 3/82 

"Chloride c o n c e n t r a t i o n  n o t  a v a i l a b l e ;  cal- 
c u l a t e d  from s p e c i f i c  en tha lpy  of  t o t a l  
d i scharge .  

DISCUSSION 

The uncorrec ted  v a l u e s  of  i s o t o p i c  composition 

of t o t a l  d i scharge  a r e  p l o t t e d  i n  Fig.  2. It 
i s  e v i d e n t  t h a t  t h e r e  i s  cons iderable  d i s p e r -  

s i o n  of t h e  composi t ions corresponding t o  mix- 

ture-producing w e l l s  ( r e p r e s e n t e d  by c i r c l e s ) .  

The v a l u e s  corresponding t o  f l u i d s  produced by 

A6 I801 
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4171021 451801 

i i o i n 2 1  

&!910tl 151011 

@ a @  
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Fig.  2 .  I s o t o p i c  Composition of  t o t a l  d i s -  

charge from Los Azufres  w e l l s .  C i r -  

cles and t r i a n g l e s  r e p r e s e n t  f l u i d s  

from mixture-producing and steam 

w e l l s ,  r e s p e c t i v e l y .  

1 I I I I I 

-9 -8  -7  -6 - a  -4  - 3  

x" 0 
Fig.  3. I s o t o p i c  compositions of t o t a l  d i s -  

charge a f t e r  c o r r e c t i n g  t h o s e  cor- 

responding t o  mixture-producing 

w e l l s ,  i n  t h e  manner descr ibed  i n  

t h e  t e x t .  Symbols as f o r  Fig.  2. 

steam w e l l s  ( represented  by t r i a n g l e s )  tend t o  

be i n  t h e  upper l e f t  s e c t i o n  of t h e  d i s t r i b u -  

t i o n ,  as would be expected from t h e  v a l u e s  of 

p a r t i t i o n  c o e f f i c i e n t s  of t h e  i s o t o p i c  s p e c i e s  
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between steam and l i q u i d  a t  temperatures  above 

250 'C. 

Fig .  3 p r e s e n t s  a p l o t  of t h e  i s o t o p i c  v a l u e s ,  

c o r r e c t e d  a s  proposed under t h e  second a l t e r n a  

t i v e .  Superpos i t ion  of F i g s .  2 and 3 shows 

t h a t  the  c o r r e c t i o n  has  a s u b s t a n t i a l  e f f e c t  

only f o r  those cases where 20% o r  more of  the  

feeding  mixture  w a s  c o n s t i t u t e d  by steam, as 

i s  t h e  case  of w e l l s  A-19, A-5 (sample of 1980) 

and A-1. The c o r r e c t i o n  tends  t o  reduce t h e  

d i s p e r s i o n  of  the  d a t a  p o i n t s  corresponding t o  

l i q u i d  phase. I a l s o  i n c r e a s e s  t h e  sys temat ic  

d i f f e r e n c e  between the  compositions of l i q u i d  

and steam phases .  The d a t a  p o i n t s  f o r  l i q u i d  

phase show an aproximately l i n e a r  d i s t r i b u -  

t i o n ;  the  s o l i d  l i n e  corresponds t o  a l e a s t -  

squares  f i t  wi th  a c o r r e l a t i o n  c o e f f i c i e n t  

of 0.75. 

The u n c e r t a i n t i e s  i n  t h e  measurement of dD 
18 + + 

and 6 0 a r e  es t imated  as - 0.5 and - 0.05, 

r e s p e c t i v e l y .  The observed d i f f e r e n c e s  i n  

i s o t o p i c  composition of l i q u i d  phase a r e  much 

l a r g e r  than  t h e s e  e r r o r  margins ,  and thus  in-  

d i c a t e  a degree of  h e t e r o g e n e i t y  i n  the  a q u i f e r  

A s  repor ted  by Giggenbach and Quijano (19811, 

the  i s o t o p i c  composi t ions of l o c a l  shal low wa- 

ters and t h e  geothermal f l u i d s  a r e  very d i f -  

f e r e n t ,  r u l i n g  out  t h e  p o s s i b i l i t y  of a d i r e c t  

o r i g i n  of  t h e  l a t t e r  from l o c a l  meteor ic  pre- 

c i p i t a t i o n .  The approximately l i n e a r  d i s t r i -  

bu t ion  i n  Fig.  3 sugges ts  t h e  p o s s i b i l i t y  of 

mixture  of two f l u i d s  i n  t h e  a q u i f e r .  Extra-  

p o l a t i o n  of t h e  b e s t - f i t  l i n e  g i v e s  an i n t e r -  

c e p t  wi th  t h e  meteor ic  l i n e  (Cra ig , l961)  cor-  

responding t o  an i s o t o p i c  composition very  

d i f f e r e n t  than t h a t  of any of t h e  analysed l o -  

cal waters .  Although t h e r e  i s  a c o n s i d e r a b l e  

s c a t t e r  i n  t h e  p o i n t s  a long  t h e  a d j u s t e d  l i n e ,  

i t  can be concluded t h a t  a v a i l a b l e  evidence 

does n o t  support  t h e  p o s s i b i l i t y  of mixing of  

the  geothermal f l u i d  wi th  l o c a l  ground waters. 

The wel lheads of A-7 and A-8 are on d i f f e r e n t  

s i d e s  of a f a u l t  ( s e e  F ig .  1 ) ;  however, w e l l  

A-7 i s  v e r y  c l o s e  t o  t h e  f a u l t  and on t h e  s i d e  

of i n c l i n a t i o n  of t h e  f a u l t  p lane ,  so t h a t  it 

probably i n t e r s e c t s  i t .  This  i s  c o n s i s t e n t  

w i t h  t h e  two w e l l s  being f e d  by f l u i d  of  simi- 

la r  composition. The f e e d i n g  zone of A-2 i s  

on t h e  o t h e r  s i d e  of t h e  f a u l t ,  and t h i s  w e l l  

r e c e i v e s  f l u i d  of a somewhat d i f f e r e n t  composi 

t i o n .  W e l l  A-16D i s  r e l a t i v e l y  c l o s e  to A-2, 

bu t  s e p a r a t e d  by an i n f e r r e d  f a u l t .  The feed-  

i n g  f l u i d  of A-16D i s  c l e a r l y  d i f f e r e n t  than  

t h a t  of  t h e  o t h e r  t h r e e  w e l l s  mentioned above. 

The n o r t h e r n  and southern  s e c t i o n s  of t h e  f i e l d  

which have been chosen f o r  e x p l o i t a t i o n  a r e  

separa ted  by a zone of  h igh  r e s i s t i v i t y  (Rome- 

r o  and Palma, 1983), and of r e l a t i v e l y  minor 

hydrothermal a l t e r a t i o n  a t  t h e  s u r f a c e  and 

shal low l e v e l s .  Thus, t h e  two s e c t i o n s  might 

appear  t o  be u n r e l a t e d .  However, t h e  a v a i l a b l e  

informat ion  from deep w e l l s  i n  t h e  middle  sec- 

t i o n  show t h a t  t h e r e  i s  a c o n t i n u i t y  of hydro- 

thermal  a l t e r a t i o n  a t  g r e a t  depth (> 1800 m), 

which j o i n s  t h e  n o r t h e r n  and southern  s e c t i o n s .  

This  sugges ts  t h a t  t h e r e  i s  a deep a q u i f e r  

which spans t h e  e n t i r e  a r e a  o f  t h e  f i e l d  

(Cathe l ineau  e t  a l ,  t h i s  Proceedings) .  Well 

A-4, A-19, A-5 and A-13 a r e  d i s t r i b u t e d  a long  

t h e  Mar i ta ro  f a u l t .  The f l u i d  feeding  w e l l  

A-4 i s  s i m i l a r  t o  t h a t  which feeds  w e l l s  A-? 

and A-8 i n  t h e  southern  p a r t  of t h e  f i e l d .  

Well A-13,  which i s  on t h e  same s i d e  of t h e  

Mar i ta ro  f a u l t  than A-4, r e c e i v e s  a f l u i d  of 

very d i f f e r e n t  composition. However, it should 

be noted  t h a t  t h e  f e e d i n g  zones of  t h e s e  two 

w e l l s  are a t  very  d i f f e r e n t  depths .  The 

s l o t t e d  l i n e r  s e c t i o n s  of A-4 and A-13 a r e  a t  
approximately 900-1300 meters  and 1650-1850 

meters  above sea l e v e l ,  r e s p e c t i v e l y .  The 

s l o t t e d  l i n e r  s e c t i o n  of  A-5, on the  o t h e r  

s i d e  of  t h e  Mar i ta ro  f a u l t ,  i s  a t  an interme- 

d i a t e  depth (approximately 1400-1800 meters  

above sea l e v e l ) .  

f l u i d  f e e d i n g  t h i s  w e l l  i s  a l s o  i n t e r m e d i a t e ,  

b u t  c l o s e r  t o  t h a t  of A-13. Data f o r  w e l l  

A-19 can n o t  be used t o  suppor t  o r  d i sprove  

t h i s  suspec ted  c o r r e l a t i o n  o f  composition 

The composition of t h e  
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with depth,  because i t s  s l o t t e d  l i n e r  s e c t i o n  

spans mst of the  depth range involved (1200- 
1850 meters above s e a  l e v e l ) .  C l e a r l y ,  i n -  

formation from more w e l l s  l o c a t e d  i n  t h i s  area 

i s  needed, i n  o r d e r  t o  i n v e s t i g a t e  t h e  poss i -  

b i l i t y  of the  e x i s t e n c e  of two a a u i f e r s  a t  

d i f f e r e n t  depths .  

The compositions of steam phases  s e p a r a t e d  a t  

300"C, 280°C and 260°C from l i q u i d  phases  wi th  

compositions f a l l i n g .  i n  the  s o l i d  l i n e  of Fig.  

3 ,  have been c a l c u l a t e d .  The r e s u l t s  f a l l  i n  

t h e  broken l i n e s  shown i n  t h e  same Figure.  

These c a l c u l a t i o n s  assume t h a t  t h e  mass of t h e  

s e p a r a t e d  steam i s  n e g l i g i b l e  compared t o  t h a t  

o f  t h e  remaining l i q u i d .  I f  t h i s  i s  n o t  so, 

than t h e  composition of the  s e p a r a t e d  steam 

w i l l  f a l l  i n  t h e  space bounded by t h e  broken 

and s o l i d  l i n e s ,  the  c l o s e r  t o  t h e  l a t t e r  t h e  

h i g h e r  t h e  f r a c t i o n  of s e p a r a t e d  steam. The 

p o i n t s  corresponding t o  the  1980 and 1982 sam-  

p l e s  from w e l l  A-6 seem t o  f a l l  j u s t  o u t  of 

t h e  a l lowable  range. However, t a k i n g  i n t o  ac- 

count  t h e  e r r o r  margin i n  t h e  de te rmina t ion  of  

deuter ium, and t h e  s c a t t e r  of t h e  l i n e a r  d i s -  

t r i b u t i o n  of l i q u i d  phase composi t ions,  t h e s e  

two p o i n t s  might f a l l  i n  t h e  extreme of t h e  

range.  The o t h e r  two p o i n t s  corresponding t o  

samples from steam w e l l s  a l s o  f a l l  n e a r  t h e  

extreme of the  range, c l o s e  t o  the broken l i n e s  

This i m p l i e s  t h a t  w e l l s  A-6 and A-17 a r e  f e d  

by steam s e p a r a t e d  from a much l a r g e r  mass o f  

l i q u i d .  The l a r g e  v a r i a t i o n s  with time shown 

by t h e  composition of  f l u i d  produced by A-6, 

s u g g e s t s  t h a t  t h i s  w e l l  might r e c e i v e  steam 

from more than one s e c t i o n  of  t h e  a q u i f e r ,  a t  

d i f f e r e n t  t imes.  

CONCLUSIONS. 

The chemical and s p e c i f i c  en tha lpy  d a t a  show 

t h a t  t h e r e  i s  phase s e p a r a t i o n  i n  t h e  f e e d i n g  

zones of most of the  wells considered.  The 

i s o t o p i c  composition d a t a  shows no evidence of  

mixing o f  t h e  geothermal f l u i d  wi th  l o c a l  

meteor ic  and sha l low ground waters. These 

i n f e r e n c e s  are c o n s i s t e n t  wi th  a s i t u a t i o n  i n  

which t h e  a q u i f e r  has  no l o c a l  recharge ,  al-  

though i t  may have l a te ra l  recharge  from t h e  

low-lying surrounding v a l l e y .  Under t h e s e  

circumstances,  i t  would be expected t h a t  t h e  

system be underpressur ized  and f l a s h i n g  would 

occur  i n  zones wi th  a h igh  degree of f r a c t u r i n g ,  

as w e l l  as i n  zones of i n t a k e  of producing 

w e l l s .  

The o r i g i n  of  t h e  h e t e r o g e n e i t y  of  the  l i q u i d  

phase i n  t h e  r e s e r v o i r  remains obscure.  The 

approximately l i n e a r  d i s t r i b u t i o n  of i s o t o p i c  

compositions sugges ts  a process  of mixing of 

two f l u i d s .  C l e a r l y ,  d a t a  f r o m m o r e o f t h e  w e l l s  

i n  t h e  f i e l d  i s  needed i n  o r d e r  t o  draw f i r m e r  

conclusions i n  t h i s  regard .  I n  p a r t i c u l a r ,  i t  

i s  necessary  t o  i n v e s t i g a t e  t h e  p o s s i b l e  cor- 

r e l a t i o n  of  i s o t o p i c  composition wi th  depth 

i n  the  n o r t h e r n  s e c t i o n  of the  f i e l d .  
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