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ABSTRACT 

Data of chemical  and i s o t o p i c  composi t ion of 
f l u i d s  from Los Azufres  w e l l s ,  c o l l e c t e d  over  
a two yea r  pe r iod ,  provide  ev idence  of  a pro- 
c e s s  of upward f low and p a r t i a l  condensa t ion  
of s team i n  t h e  r e s e r v o i r ,  which e x p l a i n s  p a r t  
of t h e  p rev ious ly  r epor t ed  he te rogene i ty  i n  
i s o t o p i c  composi t ion of t h e  l i q u i d  phase (Nie- 
va e t  a l ,  1983). 

For t h e  southern  p a r t  of t h e  f i e l d ,  a d i r e c t  
c o r r e l a t i o n  i s  found between c h l o r i d e  and oxy- 
gen-18 concen t r a t ions ,  and a n  inve r se  c o r r e l a -  
t i o n  between t h e s e  parameters  and deuter ium 
and carbon d iox ide  concen t r a t ions  i n  t h e  l i q -  
u id  phase of t h e  r e s e r v o i r .  Chlor ide  i o n  con- 
c e n t r a t i o n s  inc rease  g radua l ly  from = 600 ppm 
i n  t h e  product ion  zones of sha l low w e l l s  t o  E 
1900 ppm i n  t h e  c a s e  of deep w e l l s .  T h i s  ob- 
s e r v a t i o n s  ag ree  wi th  p r e d i c t i o n s  based on t h e  
well-known model f o r  vapor  dominated systems 
of White e t  a 1  (1971). 

For t h e  no r the rn  p a r t  of t h e  f i e l d  t h e  same 
c o r r e l a t i o n s  a r e  observed,  except  f o r  t h e  deu- 
t e r ium concen t r a t ion  which i n  t h i s  c a s e  co r re -  
l a t e s  d i r e c t l y  wi th  oxygen-18. It i s  concluded 
t h a t  t h e  same p rocess  of steam upflow occur s  
i n  t h e  n o r t h e r n  s e c t i o n  but  t h a t  some o t h e r  
p r o c e s s  - perhaps  a mixture  w i t h  o t h e r  hydro- 
thermal  f l u i d  - i s  a l s o  occur ing .  

INTRODUCTION 

The pr imary geology (Camacho, 1976; Gutie ' r rez-  
N e g r h  and Aumento, 1982; Cathe l ineau  e t  a l ,  
1987), a l t e r a t i o n  mineralogy (Cathe l ineau  e t  
a l ,  1985; Cathe l ineau  and Nieva, 1985) and 
some f e a t u r e s  of t h e  hydro log ica l  s t r u c t u r e  of 
t h e  Los Azufres  f i e l d  ( I g l e s i a s  e t  a l ,  1985; 
Nieva e t  a l ,  1986) have been d i scussed  else- 
where. 

A p rev ious  a n a l y s i s  of chemical  and i s o t o p i c  
composi t ion d a t a  from Los Azufres  f l u i d s ,  l e d  
t o  t h e  d e t e c t i o n  of a s i g n i f i c a n t  heterogene-  
i t y  i n  t h e  composi t ion of t h e  r e s e r v o i r  f l u i d s  
produced by v a r i o u s  w e l l s  (Nieva e t  a l ,  1983). 
This  w a s  i n t e r p r e t e d  a s  r e s u l t i n g  from t h e  
mixture  of more than  one hydrothermal  f l u i d ,  
bu t  no s o l i d  conc lus ions  a s  t o  t h e i r  o r i g i n s  
could  b e  drawn, except  f o r  suppor t ing  t h e  as -  
s e r t i o n  t h a t  t h e r e  e x i s t s  no s u b s t a n t i a l  mix- 
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t u r e  wi th  l o c a l  meteor ic  water  (Giggenbach and 
Quijano,  1981). A more d e t a i l e d  i n t e r p r e t a t i o n  
was impeded by u n c e r t a i n t i e s  concern ing  we l l  
f l ow cond i t ions  (hence about s p e c i f i c  en- 
t h a l p i e s  of t h e  t o t a l  d i scha rges )  a t  t h e  time 
of  sampling, and a l s o  because of t h e  occur-  
rence  of phase s e p a r a t i o n  i n  t h e  format ion ,  
l e a d i n g  t o  u n c e r t a i n t i e s  i n  t h e  r e l a t i o n  be- 
tween t h e  composi t ions  of t h e  w e l l  d i s cha rge  
and t h e  r e s e r v o i r  f l u i d .  

Giggenbach (1980) and D'Amore and C e l a t i  
(1983) have devised  methods t o  c a l c u l a t e  t h e  
f r a c t i o n a l  molar c o n t r i b u t i o n  of r e s e r v o i r  
s team i n  t h e  t o t a l  d i scha rge  from a w e l l .  Th i s  
parameter  h a s  come t o  be known a s  t h e  "y value" 
(Giggenbach, 1980) , steam f r a c t i o n  (D 'Amore 
and C e l a t i ,  1983), or s team excess  (Nieva e t  
a l ,  1982; T r u e s d e l l  e t  a l ,  1984). Here tofore  
t h i s  parameter  s h a l l  be r e f e r r e d  t o  a s  s team 
excess ,  and s h a l l  be expressed  i n  u n i t s  of 
mole percentage .  The o r i g i n a l  procedure of 
Giggenbach (1980) has  been modi f ied ,  so  a s  t o  
make it  a p p l i c a b l e  t o  t h e  case  of  we l l  f l u i d s  
wi th  h igh  c o n t e n t s  of non-condensable gases  
(Nieva e t  a l ,  1985). Knowledge of t h e  t o t a l  
d i scha rge  composi t ion and of t h e  s team excess ,  
a l lows  f o r  t h e  c a l c u l a t i o n  of bo th  t h e  reser- 
v o i r  l i q u i d  and s team phases .  

Th i s  c o n t r i b u t i o n  p r e s e n t s  an  a n a l y s i s  of 
chemical  and i s o t o p i c  composi t ion d a t a  from 
Los Azufres  w e l l  f l u i d s ,  c o l l e c t e d  over  a 
p e r i o d  of about  two y e a r s .  The sampling pro- 
gram w a s  des igned  s o  as t o  inc lude  a s  many 
w e l l s  as p o s s i b l e ,  some of them sampled r e -  
p e a t e d l y ;  extreme c a r e  w a s  t aken  t o  s e l e c t  
w e l l s  i n  a p p r o p r i a t e  and c h a r a c t e r i z e d  f low 
c o n d i t i o n s ,  and t o  enhace t h e  r e p r o d u c i b i l i t y  
of t h e  sampling o p e r a t i o n  and t h e  p r e c i s i o n  of 
t h e  i s o t o p i c  and chemical  a n a l y s i s .  

RESULTS 

Tab le  1 p r e s e n t s  s t e a m  composi t ion d a t a  f o r  
samples c o l l e c t e d  between June ,  1984 and Feb- 
r u a r y ,  1986. Some of t h e  w e l l s  could be sam- 
p l ed  on ly  once,  bu t  t hose  which provide  s team 
f o r  t h e  5 wel lhead gene ra to r s  were sampled 
s e v e r a l  t i m e s .  Included i n  Table  1 i s  t h e  b e s t  
e s t i m a t e  f o r  t h e  r e s e r v o i r  tempera ture  i n  t h e  
p roduc t ion  zone of each w e l l .  

The c a l c u l a t i o n  of s team excess  a l s o  a l lows  
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TABLE 1. COMPOSITION OF SEPARATED STEAM FROM u)S  AZUFRES WELLS 

WELL 

A- 5 
A- 5 
A- 5 
A- 5 
A- 5 
A- 5 
A- 6 
A- 6 
A- 6 
A- 6 
A- 6 
A- 6 
A- 6 
A- 9 
A-13 
A-13 
A-13 
A-13 
A- 13 
A-13 
A-16AD 
A-16AD 
A-16M 
A-1 6AD 
A- 16AD 
A-1 6AD 
A-17 
A-1 7 
A-1 7 
A-1 7 
A-17 
A-17 
A-17 
A-17 
A-17 
A-18 
A-18 
A-18 
A-19 
A-19 
A-19 
A-19 
A-22 
A-22 
A-22 
A-26 
A-2 8 
A-28 
A-28 
A-28 
A-28 
A-3 2 
A-33 
A-34 
A-35 
A-36 
A-36 
A-3 7 
A-38 
A-38 
A-38 

WLAR FRACTION X 1000 
HZO-FREE BASIS 

182 
180 
180 
179 
165 
179 
192 
191 
177 
179 
180 
180 
179 
148 
172 
172 
172 
174 
163 
177 
176 
177 
180 
180 
182 
183 
172 
176 
179 
175 
102 
180 
180 
207 
213 
156 
127 
158 
138 
145 
165 
165 
190 
197 
169 
177 
169 
165 
182 
177 
177 
161 
206 
197 
192 
150 
148 
201 
205 
205 
182 

0.71 
0.71 
0.70 
0.72 
0.73 
0.72 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
0.49 
0.56 
0.58 
0.58 
0.58 
0.59 
0.58 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
0.66 
0.69 
0.66 
0.40 
0.39 
0.35 
0.36 
0.43 
0.42 
0.46 
0.34 
0.36 
0.37 
0.34 
0.35 
0.35 
0.85 
0.84 
0.83 
0.82 
0.67 
0.65 
1. 
0.82 
0.82 
0.88 

8.6 
10.8 
19.8 
9.3 
8.2 
8.3 

31.7 
28.1 
41.5 
36.3 
29.2 
35.2 
38.7 

2.1 
5.1 
6.4 

13.9 
5.9 
6.3 
5.1 

12.0 
8.9 

39.7 
9.8 
8.1 

14.9 
21.5 
14.2 
20.9 
20.0 
66.6 
27.2 
15.9 
15.0 
16.9 
32.3 
35.0 
28.2 

1.1 
1.9 
5.5 
2.6 
4.7 
8.2 
4.7 

18.3 
0.9 
2.2 

10.8 
1.8 
1.7 
8.8 

27.6 
45.3 
14.9 
14.4 
17.3 
3.2 

23.1 
24.4 
18.4 

971. 
976. 
988. 
975. 
970. 
984. 
989. 
979. 
984. 
983. 
977. 
981. 
981. 
920. 
961. 
969.. 
986. 
971. 
965. 
959. 
981. 
877. 
917. 
886. 
877. 
811. 
983. 
993. 
979. 
982. 
977. 
983. 
977. 
973. 
977. 
990. 
986. 
986. 
866. 
926. 
980. 
961. 
963. 
979. 
963. 
982. 
873. 
928. 
986. 
941. 
937. 
967. 
987. 
989. 
975. 
981. 
984. 
949. 
984. 
985. 
988. 

20.0 
16.8 
7.1 

17.6 
19.5 
9.3 
5.9 
9.3 
4.5 
5.9 
6 .8 
5.9 
5.4 

62.3 
30.0 
22.0 
9.3 

22.8 
26.8 
26.3 

9.8 
9.4 
3.1 
9.4 
9.9 
7.1 

11.6 
1.3 

10.9 
10.0 
9.0 
6.8 

11.0 
12.8 
10.1 
5.9 
5 . 3  
6.7 

95.8 
63.8 
15.1 
26.4 
24.5 
15.3 
19.5 
8.6 

83.4 
48.4 

9.3 
38.2 
27.1 
26.7 

7.6 
5.6 

12.5 
11.3 
9.7 

15.5 
7.3 
7.5 
8.2 

4.7 
3.0 
1 .8 
2.9 
3.5 
2.7 
0.9 
1.6 
0.8 
0.9 
1.1 
1.1 
1.1 
7.4 
5.1 
4.1 
2.3 
3 . 5  
5.5 
7.4 
3.8 
2.4 
0.6 
1.0 
8.6 

17.7 
3.2 
1.6 
2.6 
1.9 
2.7 
1.8 
1 .o 
2.6 
2.3 
1.0 
0.8 
0.9 

18.3 
2.9 
2.4 
6.2 
8.5 
3.7 
6.8 
1.4 

25.0 
11.1 
2.2 

13.1 
23.9 

4.2 
2.0 
2.4 
6.7 
4.2 
2.2 

23.5 
3.8 
3.1 
0.9 

0.67 
1.1 
0.35 
0.49 
0.90 
0.59 
0.49 
1.3 
0.49 
0.66 
0.82 
1.00 
0.76 
0.38 
0.36 
1.1 
0.29 
0.48 
0.32 
1.1 
0.14 
0.19 
0.10 
0.19 
0.08 
0.74 
0.28 
0.11 
0.30 
0.60 
0.26 
0.28 
0.08 
0.48 
0.35 
0.09 
0.47 
0.42 
0,24 
0.95 
0.04 
0.80 
0.14 
0.03 
0.44 
0.99 
0.40 
3 .O 
0.09 
0.09 
1.2 
0.33 
0.61 
0.88 
0.58 
0.10 
0.23 
1.1 
0.44 
0.46 
0.26 

3.5 0.6 
2.8 0.4 
1.8 0.9 
2.4 1.9 
3.9 2.2 
2.5 0.9 
3.7 0.3 
4.5 4.3 
6.8 3.0 
7.0 2.2 
7.9 6.6 
7.5 3 . 3  

10.2 1.6 
1.1 8.7 
2.0 1.2 
1.9 2.2 
1.3 1.4 
1.9. 0.5 
1.3 1.2 
2.7 3.4 
4.2 1.5 

109.8 0.9 
75.8 3.7 
98.9 4.2 

101.5 3.4 
160.9 2.7 

1.8 0.6 
1.0 2.6 
6.3 0.5 
3.2 2.6 
7.5 3.2 
5.5 2.4 
2.1 8.5 
6.9 4.1 
7.5 2.8 
2.0 0.8 
3.7 3.4 
3.1 3.1 
4.1 16.1 
1.7 4.4 
1.5 1.5 
3.7 2.3 
2.0 1.5 
0.6 2.0 
3.2 6.9 
3.2 3.8 
2.7 15.6 
4.0 6.0 
0.4 2.7 
1.5 6.4 
6.1 5.2 
1.3 0.9 
2.4 0.8 
2.2 0.4 
4.1 0.9 
2.9 0.9 
2.3 1.4 
7.7 3.8 
3.7 0.5 
3.7 co.4 
2.5 0.5 

300 
300 
300 
300 
300 
300 
259 
259 
259 
259 
259 
259 
259 
330 
300 
300 
300 
300 
300 
300 
280 
280 
280 
280 
280 
280 
264 
264 
264 
264 
264 
264 
264 
264 
264 
280 
280 
280 
3 10 
3 10 
3 10 
3 10 
310 
3 10 
3 10 
292 
3 10 
3 10 
3 10 
310 
3 10 
300 
260 
265 
280 
270 
2 70 
263 
262 
262 
262 

24 485 
25 685 
12 985 
25 286 
13 586 
24 986 
24 485 
26 685 
11 985 
91085 

27 286 
14 586 
24 986 

9 884 
24 485 
25 685 
12 985 
101085 
26 286 
13 586 
7 684 
8 585 

10 985 
91085 

26 286 
14 586 
6 684 

10 884 
23 405 
26 685 
11 985 
91085 

27 286 
14 586 
24 986 

8 684 
11 985 
26 286 

9 884 
25 685 
25 286 
13 586 
11 684 
9 884 
91085 

26 685 
9 884 

27 685 
12 985 
25 286 
13 586 
8 585 

11 684 
8 684 

11 684 
7 684 
8 884 

14 586 
7 684 
7 684 
8 585 

A-38 142 0.87 17.5 976. 8.5 1.5 0.34 3.2 10.8 262 27 286 
A-4 6 184 0.31 11.3 969. 24.9 3.7 1.0 0.9 1.0 270 1 785 
A-46 185 0.31 9.3 977. 10.8 2.9 0.15 5.8 3.0 270 131085 
Ts - steam separation temperature; f s  - steam w i g h t  fract ion in t o t a l  discharge; 
X - milimoles of  non-condensable gas per mol o f  H 0 in steam; Tres - reservoir temperature 

g 2 
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f o r  t h e  c a l c u l a t i o n  of carbon d iox ide  (and 
o t h e r  v o l a t i l e  spec ie s )  concen t r a t ion  i n  t h e  
r e s e r v o i r  l i q u i d  phase (Nieva e t  a l ,  1985). 
Table  2 shows t h e  c a l c u l a t e d  v a l u e s  f o r  w e l l  
A-17. T h i s  w e l l  i s  chosen f o r  d e t a i l e d  analy-  
sis because of  t h e  ve ry  h igh  va lue  of s team 
excess  c a l c u l a t e d  f o r  t h e  sample of September, 
1985, which i s  one of a set of anomalies  be- 
l i e v e d  t o  be p r e c u r s o r s  of  t h e  September, 19 
and September 21, 1985 ea r thquakes  (Santoyo e t  
a l ,  1986). Table  2 inc ludes  t h e  i s o t o p i c  com- 
p o s i t i o n  of t h e  t o t a l  d i scha rge ,  and t h e  c a l -  
c u l a t e d  composi t ion of t h e  r e s e r v o i r  l i q u i d  
phase. Th i s  d a t a  a l lows  f o r  s e v e r a l  checks on 
t h e  i n t e r n a l  cons i s t ency  of t h e  s team excess  
concept  and c a l c u l a t i o n  procedure .  One of  t h i s  
checks i s  t h e  observed (and expec ted)  l i n e a r  
c o r r e l a t i o n  between s team excess  and carbon 
d iox ide  concen t r a t ion  i n  t h e  t o t a l  d i scha rge  
( p l o t  no t  shown). The concen t r a t ion  of oxygen- 
18 would be  expec ted  t o  c o r r e l a t e  i n v e r s e l y  
wi th  t h e  s team excess ,  s i n c e  t h i s  s p e c i e s  par -  
t i t i o n s  p r e f e r e n t i a l l y  i n t o  t h e  l i q u i d  phase.  
Th i s  c o r r e l a t i o n ,  which provide  f o r  a second 
check,  i s  shown i n  F i g u r e l .  The s o l i d  l i n e  
drawn i n  t h e  F igure  was c a l c u l a t e d  us ing  t h e  
expec ted  r e l a t i o n s h i p  g iven  by t h e  formula:  

[ 6 l 8 0 I t d  = [61601res,l + 
Fse x [61801res,l + 10001 

l-a [ 
where F i s  t h e  mass f r a c t i o n  of t h e  steam 

excess  i n  t h e  t o t a l  d i scha rge ,  ‘6 1601res, 1 and 

[6180]td are t h e  concen t r a t ions  of oxygen-18 

i n  t h e  r e s e r v o i r  l i q u i d  phase and t h e  t o t a l  
d i scha rge ,  r e s p e c t i v e l y .  a i s  t h e  p a r t i t i o n  
c o e f f i c i e n t  of oxygen-18 between s team and 
l i q u i d ,  eva lua ted  a t  t h e  downhole tempera ture .  
The v a l u e  of t h e  l a s t  parameter  was c a l c u l a t e d  
us ing  d a t a  assembled by T r u e s d e l l  e t  a 1  (1977). 
Cont rary  t o  oxygen-18, deuter ium is  expec ted  
t o  i n c r e a s e  i n  c o n c e n t r a t i o n  wi th  a n  i n c r e a s e  
i n  s team e x c e s s ,  because a t  t h e  r e s e r v o i r  t e m -  
p e r a t u r e  t h i s  s p e c i e s  p a r t i t i o n s  p re fe ren -  
t i a l l y  i n t o  the steam phase.  This is indeed 
what i s  observed,  w i th  t h e  i n v e r s e  c o r r e l a t i o n  
being c l o s e  t o  t h e  c a l c u l a t e d  t r e n d  ( p l o t  no t  
shown f o r  l a c k  of space) .  

The above correspondence between expec ted  and 
observed t r e n d s ,  p rov ide  conf idence  on t h e  use  
of t h e  s team excess  concept  t o  c a l c u l a t e  t h e  
composi t ion of t h e  r e s e r v o i r  l i q u i d  phase ,  
from t h e  composi t ion of t h e  t o t a l  d i scha rge .  
The procedure  c o n s i s t s  of a mass-balance c a l -  
c u l a t i o n ,  which t a k e s  i n t o  account  t h e  steam/ 
l i q u i d  p a r t i t i o n  c o e f f i c i e n t  of each  spec ie s .  
The procedure  was a p p l i e d  t o  d a t a  c o l l e c t e d  
from A p r i l ,  1985 t o  February,  1986, and t h e  
r e s u l t s  are shown i n  Table  3. The parameters  
c a l c u l a t e d  a r e  t h e  concen t r a t ions  i n  t h e  l i q -  
u id  phase of  t h e  c h l o r i d e  i o n ,  oxygen-18 and 
deuter ium,  as w e l l  a s  t h e  molar f r a c t i o n  of 
carbon d iox ide .  For each parameter  t h e  Table  
p r e s e n t s  t h e  average  va lue  and average  devia-  

se 

t i o n .  Some of  t h e  w e l l s  were sampled on lyonce ,  
and t h e  s i n g l e  r e s u l t  i s  provided.  The Table  
inc ludes  carbon d ioxide  concen t r a t ion  d a t a  f o r  
samples c o l l e c t e d  be fo re  t h e  i s o t o p i c  s tudy  
had begun. Also p resen ted  i s  t h e  e l e v a t i o n  of 
t h e  product ion  zone of each  w e l l ,  which was 
taken  as t h a t  of t h e  midpoint i n  t h e  open 
l i n e r  segment. 

It is ev iden t  from t h e  r e s u l t s  i n  Table  3 t h a t  
t h e  parameters  which could  be measured wi th  
b e t t e r  p r e c i s i o n  a r e  t h e  concen t r a t ions  of 
c h l o r i d e  i o n  and oxygen-18. F igure  2 shows t h e  
d i r e c t  c o r r e l a t i o n  t h a t  e x i s t s  between t h e s e  
two parameters .  The F igu re  inc ludes  d a t a  from 
w e l l s  from bo th  t h e  n o r t h e r n  and t h e  southern  
s e c t i o n s  of t h e  f i e l d  ( f o r  a map of  t h e  Los  
Azufres  f i e l d  r e f e r  t o  Nieva e t  a l ,  1985, o r  
1983) .  F igu res  3 and 4 show t h e  d i s t r i b u t i o n  
of c h l o r i d e  i o n  concen t r a t ion  wi th  r e s p e c t  t o  
e l e v a t i o n  f o r  t h e  sou the rn  and no r the rn  sec-  
t i o n s ,  r e s p e c t i v e l y .  In t h e s e  F igu res  t h e  
v e r t i c a l  b a r s  r e p r e s e n t  t h e  l engh t  of t h e  open 
l i n e r  segment i n  t h e  wel lbore .  I n  s p i t e  of t h e  
l a r g e  u n c e r t a i n t i e s  i n  t h e  e l e v a t i o n  of t h e  
product ion  zones,  it i s  c l e a r  t h a t  t h e  ch lo-  
r i d e  ion  concen t r a t ion  i n c r e a s e s  wi th  depth .  

In t h e  no r the rn  p a r t  of t h e  f i e l d  t h e r e  i s  a 
c l e a r  i n v e r s e  c o r r e l a t i o n  between t h e  concen- 
t r a t i o n s  of c h l o r i d e  ion  and carbon d iox ide  
(F igure  5 ) .  For t h e  sou the rn  s e c t i o n ,  t h e r e  i s  
a t r e n d  of i n c r e a s i n g  carbon d iox ide  concen- 
t r a t i o n  wi th  inc reas ing  e l e v a t i o n  of t h e  pro- 
duc t ion  zone (F igure  6 ) .  Th i s  l a s t  c o r r e l a t i o n  
exc ludes  t h e  c a s e s  of w e l l s  A-18 and A-26, 
bo th  of which a r e  l o c a t e d  i n  t h e  sou theas t  ex- 
treme of t h e  f i e l d ,  and which show s e v e r a l  
chemical  d e v i a t i o n s  from t h e  gene ra l  p a t t e r n ;  
among t h e s e  anomalies  is t h e  h igh  gas  con ten t  
of t h e  produced f l u i d s ,  h igh  concen t r a t ion  of 
ca lc ium ion  i n  t h e  b r i n e ,  e t c .  

DISCUSSION 
The obse rva t ions  p re sen ted  above could be sum- 
marized by t h e  s ta tement  t h a t ,  i n  Los Azufres ,  
the concentration of a volatile species (such 
a s  carbon d iox ide )  i s  h igher  i n  t h e  upper lev-  
e l s  of t h e  two phase zone of t h e  r e s e r v o i r ,  
whi le  t h e  concen t r a t ions  of t h e  l e s s  v o l a t i l e  
s p e c i e s  (such as c h l o r i d e  ion  and oxygen-18) 
i n c r e a s e  wi th  depth .  The s imples t  and most 
r easonab le  exp lana t ion  f o r  t h i s  set of obser-  
v a t i o n s  is t h e  occurrence  of a process  of up- 
f low of s team; t h e  condensa t ion  of a f r a c t i o n  
of  t h i s  s team c o n t i n u a l l y  d i l u t e s  t h e  concen- 
t r a t i o n  of  t h e  non-vo la t i l e  s p e c i e s ,  whi le  t h e  
v o l a t i l e  s p e c i e s  a r e  c o n t i n u a l l y  t r a n s p o r t e d  
t o  t h e  upper l e v e l s .  

The deuter ium r e s u l t s  co r robora t e  t h e  above 
model f o r  t h e  sou the rn  s e c t i o n  of t h e  f i e l d .  
The i n v e r s e  c o r r e l a t i o n  between t h e  concent ra -  
t i o n s  of deuter ium and oxygen-18, which i s  
shown i n  F igure  7 ,  i n d i c a t e  t h a t  t h e  concen- 
t r a t i o n  of deuter ium ( a  “ v o l a t i l e ”  s p e c i e s  a t  
t h e  r e s e r v o i r  tempera ture)  dec reases  w i t h  
depth .  The s lope  of t h e  f i t t e d  l i n e  i s  cons i s -  
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T A B L E  2 

D A T E  OF 
SAMPLE 

6 6 8 4  
1 0  8 8 4  
2 3  4 8 5  
26  6 8 5  
11  9 8 5  

9 1 0 8 5  
27  2 8 6  

TOTAL DISCHARGE COMPOSITION A N D  CALCULATED EXCESS STEAM 
A N D  COMPOSITION OF RESERVOIR LIQUID PHASE FOR WELL A-17.  

C O M P O S I T I O N  
TOTAL DISCHARGE RESERVOIR LIQUID PHASE 

6 1 8 0  6D xco2  6 1 8 0  6D 
ESCESS 

X l O O O  
S T E A M  x c o 2  

( % I  X l O O O  

1 7 . 8  2 0 . 7  - - 1 . 6  - - 
7 . 8  1 3 . 9  - - 2 . 4  - - 

1 3 . 8  2 0 . 1  - 4 . 9 4  - 6 0 . 7  2 . 0  - 4 . 7 5  - 6 1 . 2  
8 . 8  1 9 . 3  - 4 . 7 6  - 6 2 . 5  3 . 1  - 4 . 6 4  - 6 2 . 8  

4 7 . 8  6 1 . 0  - 5 . 3 0  - 5 8 . 2  1 . 9  - 4 . 6 3  - 5 9 . 9  
- 4 . 7 0  - 6 4 . 4  1 3 . 5  2 6 . 1  - 4 . 8 9  - 6 3 . 9  2 . 8  

6 . 0  1 5 . 3  - 4 . 5 2  - 6 4 . 8  3 . 4  - 4 . 4 4  - 6 5 . 0  

t e n t  w i t h  a n  average  tempera ture  of t h e  ascend- ACKNOWLEDGEMENTS 
ing  steam of 230'C t o  245'C. The occurrence  of 
t h i s  p rocess  of steam upflow and p a r t i a l  con- 
densa t ion  i s  i n  agreement w i t h  p r e d i c t i o n s  
based on t h e  model f o r  vapor dominated systems 
proposed by  White e t  a1 (1971).  
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In t h e  no r the rn  p a r t  of t h e  f i e l d  t h e  d i s t r i b u -  
t i o n  w i t h  dep th  of t h e  s t u d i e d  s p e c i e s  i s  t h e  
same a s  i n  t h e  sou the rn  s e c t i o n ,  except  f o r t h e  
c a s e  of deuterium. F igu re  8 shows t h e  d i r e c t  
c o r r e l a t i o n  between t h e  c o n c e n t r a t i o n s  of deu- 
t e r i u m  and oxygen-18. I f  t h e  s t e a m  u p f l o w  w e r e  
t h e  on ly  p rocess  r e s p o n s i b l e  f o r  t h e  observed 
chemica l  and i s o t o p i c  h e t e r o g e n e i t y  of t h e  
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WELL 

A- 5 
A- 6 
A-13 
A- 16AD 
A-1 7 
A-18 
A-19 
A-22 
A-26 
A-28 
A-3 2 
A-33 
A-34 
A-3 5 
A-36 
A-3 7 
A-38 
A-46 

TABLE 3 .  AVERAGE VALUES AND DEVIATIONS FOR CONCENTRATIONS OF " 0 ,  
DEUTERIUM, CHLORIDE I O N  AND CARBON D I O X I D E  I N  THE LIQUID 
PHASE OF THE RESERVOIR. ELEVATIONS OF PRODUCTION ZONES. 

MOLAR FRACTION 
6 1 8 0  6D CHLORIDE OF C02 

AVE. AVE. AVE.  AVE.  AVE. AVE. AVE . AVE . 
VALUE DEV. VALUE D E V .  VALUE D E V .  VALUE DEV. 
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FIGURE 1. Concent ra t ion  of oxygen-18 % steam 
excess  i n  t o t a l  d i scha rge .  The s t r a i g h t  l i n e  
was drawn wi th  equa t ion  1, and t h e  parameter  
va lues  speci t f ied i n  t h e  F igu re .  
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FIGURE 2 .  Concent ra t ion  of oxigen-18 E con- 
c e n t r a t i o n  of c h l o r i d e  i o n .  Lenght of e r r o r  
b a r s  r e p r e s e n t s  twice t h e  average d e v i a t i o n  
from t h e  mean f o r  t h e  corresponding parameter .  
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FIGURE 3 .  E l e v a t i o n  of product ion  zone con- 
c e n t r a t i o n  of c h l o r i d e  i o n  i n  t h e  l i q u i d  phase 
o f  t h e  r e s e r v o i r .  H o r i z o n t a l  l i n e s  a r e  e r r o r  
b a r s  and v e r t i c a l  l i n e s  r e p r e s e n t  t h e  lenght  
of t h e  open l i n e r  segment i n  t h e  wel lbore .  
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FIGURE 4 .  Elevat ion  of product ion  zone con- 
c e n t r a t i o n  of c h l o r i d e  i o n  i n  t h e  !.iquid phase 
of t h e  r e s e r v o i r .  H o r i z o n t a l  and v e r t i c a l  
l i n e s  have t h e  same meaning a s  i n  F i g u r e  2 .  
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FIGURE 5. Molar f r a c t i o n  of carbon d ioxide  E 
c l - lor ide  i o n  c o n c e n t r a t i o n  i n  l i q u i d  phase.  
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FIGURE 6. E l e v a t i o n  of product ion  zone E 
molar f r a c t i o n  of carbon d i o x i d e  i n  l i q u i d  
phase.  
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FIGURE 7. Concent ra t ion  of deuter ium E con- 
c e n t r a t i o n  of oxygen-18 i n  r e s e r v o i r  l i q u i d  
phase.  
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FIGURE 8. Concent ra t ion  of deuter ium E con- 
c e n t r a t i o n  of oxygen-18 i n  r e s e r v o i r  l i q u i d  
phase.  
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