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Regular chemical sampling and a n a l y s i s  of  f l u i d s  produced from t h e  
hot-water geothermal system of Cerro P r i e t o ,  Mexico has  provided e a r l y  
warning of r e s e r v o i r  processes  (Manon e t  a l . ,  1977). The changes i n  
ch lo r ide  concent ra t ion ,  sodium t o  potassium r a t i o  and measured f l u i d  
en tha lpy  a r e  shown i n  t h e  f i g u r e s  f o r  w e l l s  M-5, M-26, M-21A, and M - 1 1  
of t h e  Cerro P r i e t o  f i e l d .  The concen t r a t ion  of c h l o r i d e ,  a 

conserva t ive"  c o n s t i t u e n t ,  is  c h a r a c t e r i s t i c  of d i f f e r e n t  water  
masses and i s  a f f e c t e d  by a change of  water source,  by mixing of 
waters and by b o i l i n g  and steam l o s s  b u t  no t  by r e a c t i o n  with rock 
minera ls .  The r a t i o  of  sodium t o  potassium i s  a tempera ture-sens i t ive  
geothermal index r e s u l t i n g  from rock-water r e a c t i o n  and i s  no t  
a f f e c t e d  by b o i l i n g  and steam l o s s  o r  by mixing of  water masses 
provided these  processes  occur a t  cons t an t  temperature .  The en tha lpy  
i s  r e l a t e d  t o  the  f l u i d  temperature and t o  b o i l i n g  i n  the  a q u i f e r  wi th  
excess" steam e n t e r i n g  t h e  w e l l .  These i n d i c e s  provide a reasonably 

complete p i c t u r e  of  major r e s e r v o i r  processes  occurr ing  i n  ho t  water 
systems. S i l i c a  ana lyses  have not  been r e l i a b l e  from Cerro P r i e t o  b u t  
should b e  used i n  a d d i t i o n  t o  Na/K a s  a temperature i n d i c a t o r .  
Analysis  of  f l u i d s  from a producing geothermal f i e l d  must of course 
inc lude  o t h e r  c o n s t i t u e n t s  f o r  s tudy of environmental  e f f e c t s ,  
s c a l i n g ,  co r ros ion ,  e t c .  

II 
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Well M-5 a t  Cerro P r i e t o  shows uncomplicated behavior  i n  which a 
s i n g l e  l i q u i d  phase wi th  l i t t l e  "excess" a q u i f e r  steam was tapped and 
product ion has  shown l i t t l e  change over t h e  l i f e  of t h e  w e l l  ( f i g .  
1 ) .  Before Apr i l  1973, i n i t i a l  product ion was through a s m a l l  
d iameter  p ipe  and was cooled conduct ive ly  so l i t t l e  evapora t ive  
concen t r a t ion  of  ch lo r ide  from steam l o s s  occurred and the  c h l o r i d e  
concen t r a t ions  of produced f l u i d s  approximated t h a t  i n  t h e  a q u i f e r .  
After April 1973, water w a s  collected from the production s e p a r a t o r  
and f l a shed  t o  atmospheric pressure  dur ing  sampling. 
i n  the  s e p a r a t o r  and during sampling r e s u l t e d  i n  a 35% loss  o f  water 
a s  steam and a 1 . 6 ~  concent ra t ion  of  c h l o r i d e  i n  the  remaining 
l i q u i d .  From 1973 t o  t h e  p re sen t  t h e  c h l o r i d e  concen t r a t ions  a f t e r  
f l a s h i n g  have decreased s l i g h t l y  a s  t h e  f l u i d  temperature and t h e  
amount of  steam sepa ra t ed  have decreased.  The decrease  i n  temperature 
i s  ind ica t ed  by the  inc rease  i n  t h e  N a / K  r a t i o s  and t h e  decrease  i n  
enthalpy.  The temperature  drop ind ica t ed  by Na/K was from about 
313 +3OC t o  302 + 2 O C  ( t h e  v a r i a t i o n  depending on t h e  
geothermometer s c a l e  used)  and t h a t  i n d i c a t e d  by en tha lpy  was from 312 
t o  281%. The l a r g e r  drop and lower abso lu te  temperature ind ica t ed  
by enthalpy may r e s u l t  from i n i t i a l  excess  a q u i f e r  steam o r  from 
inaccurac i e s  i n  t h i s  r a t h e r  d i f f i c u l t  measurement. The downhole 

Steam s e p a r a t i o n  
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t empera tu re  o f  299OC measured i n  1977 (F .  J .  Bermejo, unpubl ished 
da ta ,  1977) a g r e e s  more n e a r l y  w i t h  t h e  N a / K  t empera tu res  and a q u i f e r  
c h l o r i d e  c o n c e n t r a t i o n s  based  on N a / K  t e m p e r a t u r e s  are more c o n s t a n t  
( a t  8 ,960  ~ 2 0  mg/kg by  one s c a l e )  t h a n  are  t h o s e  based  on e n t h a l p y  
which show an a p p a r e n t  i n c r e a s e  from 8,700 t o  9,700 mg/kg. 

The o t h e r  w e l l s  show less r e g u l a r  b e h a v i o r .  The c h l o r i d e  
c o n c e n t r a t i o n  a f t e r  f l a s h i n g  of  w a t e r  from M-26 d e c l i n e d  suddenly i n  
mid-1975 i n d i c a t i n g  drawdown o f  lower c h l o r i d e  f l u i d s  i n t o  t h i s  p a r t  
of  t h e  p r o d u c t i o n  a q u i f e r .  Temperatures  c a l c u l a t e d  from N a / K  r a t i o s  
and e n t h a l p i e s  a l s o  d e c l i n e d  b u t  showed no d i s c o n t i n u i t y  i n  1975. 
Th i s  s u g g e s t s  t h a t  t h e  f l u i d  t empera tu re  was ma in ta ined  b y  h e a t  
t r a n s f e r  from rock m i n e r a l s .  

F l u i d s  from well-21A had i n i t i a l  e n t h a l p i e s  of  420 t o  480 cal/gm 
e q u i v a l e n t  t o  a t empera tu re  o f  360 t o  37OOC i f  t h e  a q u i f e r  f l u i d  
were e n t i r e l y  l i q u i d  water. The i n i t i a l  c h l o r i d e  c o n c e n t r a t i o n s  were 
a l s o  u n u s u a l l y  high.  By 1977 b o t h  t h e  e n t h a l p y  and t h e  c h l o r i d e  had 
d e c l i n e d  r a p i d l y  t o  v a l u e s  s imi l a r  t o  t h o s e  of M-5 f l u i d s .  The N a / K  
r a t i o  was i n i t i a l l y  o n l y  s l i g h t l y  lower t h a n  t h a t  o f  most w e l l  f l u i d s  
b u t  showed a normal i n c r e a s e  w i t h  t i m e  and t h e  N a / K  i n d i c a t e d  
temperature w a s  315 k S o C  throughout the period shown. The probable 
e x p l a n a t i o n  f o r  t h e  unusua l  b e h a v i o r  o f  M-21A i s  t h a t  i n i t i a l  f l u i d s  
c o n t a i n e d  l a r g e  amounts o f  e x c e s s  steam from b o i l i n g  i n  t h e  a q u i f e r  
and t h e s e  were r e p l a c e d  w i t h  more normal f l u i d s  as p r o d u c t i o n  
con t inued .  The h i g h  c h l o r i d e  c o n c e n t r a t i o n s  r e s u l t e d  from b o i l i n g  i n  
t h e  a q u i f e r  w i t h  h e a t  r e - supp l i ed  t o  t h e  f l u i d s  from rock  m i n e r a l s .  

Well M - 1 1  s u f f e r e d  a c a s i n g  b r e a k  i n  1975 and h i g h e r  l e v e l  f l u i d s  
w i t h  lower e n t h a l p y  and c h l o r i d e  and much h i g h e r  N a / K  r a t i o  e n t e r e d  
t h e  w e l l .  When t h e  b r e a k  was r e p a i r e d  and an upper p r o d u c t i o n  
i n t e r v a l  nea r  900 m cased  o f f ,  t h e  w e l l  performance was g r e a t l y  
improved, w i t h  p r o d u c t i o n  o f  h i g h  C 1 ,  h i g h  e n t h a l p y ,  low N a / K  f l u i d s  
similar t o  e a r l y  p r o d u c t i o n  f l u i d s .  

Regular  c o l l e c t i o n  and a n a l y s i s  o f  water (and g a s )  samples from a 
hot-water  geo the rma l  w e l l  i s  a n  e s s e n t i a l  p a r t  o f  a w e l l - t e s t i n g  o r  
m o n i t o r i n g  program. The chemical  d a t a  o b t a i n e d  complements p h y s i c a l  
measurements and may g i v e  t h e  ea r l i e s t  warning o f  b r e a k t h r o u g h  o f  
n a t u r a l  o r  r e i n j e c t e d  c o l d  waters.  Analyses  should b e  as complete  as 
p o s s i b l e  b u t  c o n s t i t u e n t s  i n d i c a t i n g  r e s e r v o i r  p r o c e s s e s  ( C l ,  Na, K ,  
Ca, SiO2) and m i n e r a l  d e p o s i t i o n  (pH, HCO3, C02) shou ld  b e  
ana lyzed  w i t h  s p e c i a l  c a r e .  

R e  f e r e n c e  s 
Manon, A . ,  Mazor, E . ,  J imenez, M . ,  Sanchez, A . ,  F a u s t o ,  J . ,  and 

Zenzio,  C . ,  1977, E x t e n s i v e  geochemical  s t u d i e s  i n  t h e  geothermal  
f i e l d  of  Ce r ro  P r i e t o :  Lawrence Berke ley  Lab. Report  LBL 7019, 113 
P. 
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Figure 1 .  Chloride concentrations a f t e r  f lashing ,  Na/K r a t i o s  of 
brine and enthalpies  o f  the t o t a l  discharge o f  w e l l s  M-5 
and M-26 from 1972 to  m i d  1977. Data from Manon et a l .  
(1977).  Units are mg/kg, weight r a t i o  and Kcal/kg. 
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Figure 2 .  Chloride contents a f t e r  f lashing  and the sodium t o  
potassium r a t i o  o f  br ine  and enthalpy of  the t o t a l  
discharge of w e l l  M-21A from 1975 to  mid-1977 and w e l l  
M-11 from 1972 to  mid-1977.. Data from Manon et  a l .  
(1977).  Units are mg/kg, weight r a t i o  and Kcal/kg. 
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