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Regular  chemical  sampling and a n a l y s i s  o f  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  p roces ses  (Manon e t  a l . ,  1977). The changes i n  
c h l o r i d e  c o n c e n t r a t i o n ,  sodium t o  potassium r a t i o  and measured f l u i d  
en tha lpy  are shown i n  t h e  f i g u r e s  f o r  wells M- 5,  M-26, M-21A, and M - 1 1  
o f  t h e  Cerro  P r i e t o  f i e l d .  The c o n c e n t r a t i o n  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 o f  water source ,  by mixing of 
waters and by  b o i l i n g  and steam l o s s  b u t  n o t  by r e a c t i o n  wi th  rock 
mine ra l s .  
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  n o 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 o f  water masses 
provided t h e s e  p roces ses  occur  a t  c o n s t a n t  temperature.  The en tha lpy  
is  r e l a t e d  t o  t h e  f l u i d  tempera ture  and t o  b o i l i n g  i n  t h e  a q u i f e r  w i 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  o f  major r e s e r v o i r  p roces ses  o c c u r r i n g  i n  h o t  water 
systems.  
should b e  used i n  a d d i t i o n  t o  N a / K  as  a tempera ture  i n d i c a t o r .  
Analys is  o f  f l u i d s  from a producing geothermal  f i e l d  must of  cou r se  
i n c l u d e  o t h e r  c o n s t i t u e n t s  f o r  s tudy  o f  environmental  e f f e c t s ,  
s c a l i n g ,  c o r r o s i o n ,  e t c .  

I 1  

The r a t i o  o f  sodium t o  potass ium is  a t empera tu re- sens i t i ve  

S i l i c a  ana lyses  have no t  been  r e l i a b l e  from Cerro  P r i e t o  b u t  

Well M-5 a t  Cer ro  P r i e t o  shows uncomplicated behav io r  i n  which a 
s i n g l e  l i q u i d  phase w i t h  l i t t l e  "excess" a q u i f e r  steam was tapped and 
p roduc t ion  h a s  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 A p r i l  1973, i n i t i a l  p roduct ion  was through a small  
d iameter  p i p e  and was cooled conduc t ive ly  so l i t t l e  e v a p o r a t i v e  
c o n c e n t r a t i o n  o f  c h l o r i d e  from steam l o s s  occur red  and t h e  c h l o r i d e  
c o n c e n t r a t i o n s  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 .  
A f t e r  A p r i l  1973, water was c o l l e c t e d  from t h e  p roduc t ion  s e p a r a t o r  
and f l a s h e d  t o  atmospheric  p re s su re  du r ing  sampling. Steam s e p a r a t i o n  
i n  t h e  s e p a r a t o r  and du r ing  sampling r e s u l t e d  i n  a 35% l o s s  o f  water 
as steam and a 1 . 6 ~  c o n c e n t r a t i o n  of  c h l o r i d e  i n  t h e  remaining 
l i q u i d .  From 1973 t o  t h e  p r e s e n t  t h e  c h l o r i d e  c o n c e n t r a t i o n s  a f t e r  
f l a s h i n g  have decreased  s l i g h t l y  as t h e  f l u i d  tempera ture  and t h e  
amount of  steam s e p a r a t e d  have decreased .  The dec rease  i n  tempera ture  
i s  i n d i c a t e d  by  t h e  i n c r e a s e  i n  t h e  N a / K  r a t i o s  and t h e  dec rease  i n  
en tha lpy .  The tempera ture  drop i n d i c a t e d  by N a / K  was from about 
313 +3OC t o  302 t Z ° 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  281OC. The l a r g e r  drop and lower a b s o l u t e  tempera ture  i n d i c a t e d  
by en tha lpy  may r e s u l t  from i n i t i a l  exces s  a q u i f e r  steam o r  from 
i n a c c u r a c 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 
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temperature of  299OC measured i n  1977 (F. J. Bermejo, unpublished 
d a t a ,  1977) ag rees  more n e a r l y  w i t h  t h e  N a / K  tempera tures  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 empera tures  are more cons t an t  
( a t  8 ,960  t 2 0  mg/kg by one s c a l e )  than  a re  those  based  on en tha lpy  
which show an apparent  i n c r e a s e  from 8,700 t o  9,700 mg/kg. 

The o t h e r  wells show less r e g u l a r  behavior .  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 wa te r  from M-26 dec l ined  suddenly i n  
mid-1975 i n d i c a t i n g  drawdown of  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 roduc t ion  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 110 d i s c o n t i n u i t y  i n  1975. 
This  sugges t s  t h a t  t h e  f l u i d  tempera ture  was maintained b y  h e a t  
t r a n s f e r  from rock mine ra 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 tempera ture  of  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  unusua l ly  high.  By 1977 b o t h  t h e  en tha lpy  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 lar  t o  those  o f  M-5 f l u i d s .  The Na/K 
r a t i o  was i n i t i a l l y  on ly  s l i g h t l y  lower t han  t h a t  of 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 th  t i m e  and t h e  N a / K  i n d i c a t e d  
temperature was 315 +5OC throughout  t h e  pe r iod  shown. The probable  
exp lana t ion  f o r  t h e  unusual  behav io r  of M-21A is  t h a t  i n i t i a l  f l u i d s  
conta ined  l a r g e  amounts of exces 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 ep l aced  wi th  more normal f l u i d s  as product ion  
cont inued.  The h igh  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  re- suppl ied  t o  t he  f l u i d s  from rock mine ra l s .  

Well M - 1 1  s u f f e r e d  a c a s i n g  b reak  i n  1975 and h i g h e r  l e v e l  f l u i d s  
w i th  lower en tha lpy  and c h l o r i d e  and much h ighe 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 roduc t ion  
i n t e r v a l  near  900 m cased o f f ,  t h e  w e l l  performance was g r e a t l y  
improved, wi th  product ion  o f  h igh  C 1 ,  h igh  en tha lpy ,  low N a / K  f l u i d s  
s i m i l a r  t o  e a r l y  product ion  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  of  wa te r  (and g a s )  samples from a 
hot-water geothermal  w e l l  i s  an 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  
moni tor ing  program. The chemical d a t a  ob t a ined  complements p h y s i c a l  
measurements and may g ive  t h e  ear l ies t  warning o f  breakthrough of  
n a t u r a l  o r  r e i n j e c t e d  co ld  waters .  Analyses should be  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 roces ses  ( C l ,  Na, K ,  
Ca, Si021 and mine ra l  d e p o s i t i o n  (pH, HC03, C02) should b e  
analyzed wi th  s p e c i a l  c a r e .  
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Figure  1. Ch lo r ide  c o n c e n t r a t i o n s  a f t e r  f l a s h i n g ,  N a / K  r a t i o s  of 
b r i n e  and e n t h a l p i e s  o f  t h e  t o t a l  d i s c h a r g e  o f  w e l l s  M-5 
and M-26 from 1972 t o  mid 1977. Data from Manon e t  a l .  
(1977).  U n i t s  are mg/kg, weight  r a t i o  and Kcal/kg. 
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Figure 2 .  
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M-11 from 1972 to  m i d - 1 9 7 7 . .  Data from Manon et  a l .  
( 1 9 7 7 ) .  Units are mg/kg, weight r a t i o  and Kcal/kg. 
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