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GEOTHERMAL FIELD DEVELOPMENT I N  MEXICO 

I N G ,  H E C T O R  A L O N S O  E S P I N O S A  

C O M I S I O N  F E D E R A L  D E  E L E C T R I C I D A D  
G E R E N C I A  D E  P R O Y E C T O S  G E O T E R M O E L E C T R I C O S  

M O R E L I A ,  M I C H O A C A N ,  M E X I C O ,  

ABSTRACT. 

Mexico i s  a C o u n t r y  c h a r a c t e r i z e d  by - -  
i t s  d i v e r s i f i e d  means o f  Power G e n e r a  - 
t i o n .  A c t u a l  i n s t a l l e d  c a p a c i t y  i s  a l -  
most  19 0 0 0  MW, o f  w h i c h  205 hlW c o r r e s -  
p o n d s  t o  G e o t h e r m a l  P l a n t s ,  t h a t  i s ,  - -  
180 Fnhi i n  C e r r o  P r i e t o  a n d  25 MW o f  Pox 
t a b l e  P l a n t s  i n  Los A z u f r e s .  

To d a t e ,  346 a r e a s  w i t h  e x p l o i t a  - 
t i o n  p o s s i b i l i t i e s ,  a r e  known. They - -  
a r e  m a i n l y  d i s t r i b u t e d  a l o n g  t h e  V o l c a -  
n i c  B e l t  w h e r e  t h e m o s t  p r o m i n e n t  a r e ,  - 
Los A z u f r e s ,  La P r i m a v e r a ,  Los Humeros,  
I x t l a n  De Los H e r v o r e s  a n d  Los Negr i to s ,  
among o t h e r s .  P r o v e d  r e s e r v e s  a re  920 
MW, a n d  t h e  a c c e s s i b l e  r e s o u r c e  base a r e  
4 600 MW i d e n t i f i e d  a n d  6 0 0 0  MW u n d i s -  
c o v e r e d .  

The l o n g  r a n g e  construct ion s t u d i e s -  
i n t e n d s  t o  a c h i e v e  a t o t a l  i n s t a l l e d  - -  
c a p a c i t y  of  100 0 0 0  MW, by t h e  e n d  o f  - 
t h i s  c e n t u r y ,  i n c l u d i n g  2 000  MWGeothey- 
m a l ,  t h r o u g h  c o n v e n t i o n a l  a n d  P o r t a b l e -  
P l a n t s .  I t  i s  n o t  a d e f i n i t e  p r o g r a m , -  
b u t  a d e v e l o p m e n t  s t r a t e g y .  The carry-  
i n g  o u t  o f  a d e f i n i t e  p r o g r a m ,  w i l l  d e -  
p e n d  upon t h e  c o n f i r m a t i o n  o f  Hypothesis 
made i n  p r e v i o u s  s t u d i e s ,  a n d  t h e  e c o n g  
mic d e c i s i o n s  r e l a t e d  t o  t h e  f i n a n c i a l -  
s o u r c e s  a v a i l a b i l i t y ,  and  t e c h n o l o g i e s -  
t o  b e  u s e d  i n  t h e  f u t u r e - a s  w e l l .  

GENERAL ASPECI'S OF ACrUAL FWER GENERATION. 

The Comis ion  F e d e r a l  d e  E l e c t r i c i -  
d a d  (CFE),  i s  a F e d e r a l  Government Age; 
c y  c r e a t e d  t o  g e n e r a t e  a n d  d i s t r i b u t e  - 
power i n  Mexico .  I t s  main  o b j e c t i v e s  - 
a r e  b a s i c a l l y :  

- P l a n n i n g  t h e  N a t i o n a l  E l e c t r i c  - 
S y s t e m .  

t r i b u t i o n  o f  E l e c t r i c  Power.  
- G e n e r a t i o n ,  T r a n s m i s s i o n  a n d  D i s  

- C o n s t r u c t i o n  o f  a l l  Power P l a n t s .  
I n s t a l l a t i o n s  and  Works t h a t  re- 
q u i r e  P l a n n i n g ,  E x e c u t i o n ,  - - - -  

O p e r a t i o n  a n d  N a i n t e n a n c e  o f  t h e  
N a t i o n a l  E l e c t r i c  S y s t e m .  

- Promote  s c i e n t i f i c  r e s e a r c h  a s  - 
w e l l  a s  N a t i o n a l  T e c h n o l o g y  i n  - 
E l e c t r i c a l  A p l i c a t i o n s .  

- Promote  N a t i o n a l  M a n u f a c t u r e r s  - 
o f  E l e c t r i c a l  Equipment  a n d  those 
r e l a t e d .  

C.F.E.  i s  o r g a n i z e d  b a s i c a l l y  i n  - 
f i v e  ( 5 )  o p e r a t i o n a l  i n t e r c o n n e c t i o n  - -  
s y s t e m s ,  which  a r e  located geographically - 
as shown on  F i g .  1, w i t h  a n  a c t u a l  power 
g e n e r a t i n g  c a p a c i t y  o f  18 390 MW in tegrg  
t e d  t h r o u g h  d i f f e r e n t  t y p e s  o f  Power - -  
P l a n t s  a s  p e r  T a b l e  1 ,  a c c o r d i n g  t o  i t s  
c a p a c i t y .  

i s  u n d e r  c o n s t r u c t i o n  a s  w e l l  a s  mult iple  
o t h e r  i n s t a l l a t i o n s  f o r  wind  a n d  s o l a r -  
s t u d i e s .  

One N u c l e a r  P l a n t  (Two 654 M V h i t s )  

Dur ing  t h e  l a s t  y e a r ,  t h e  t o t a l  - -  
E l e c t r i c  E n e r g y  Consumpt ion  was - -  
7 3  Z O O  X l o 6  KWH ( 7 3 . 2  TWH), t h a t  i s  - 
a p p r o x i m a t e l y  1 0 0 0  KWH/ p e r s o n .  The-  
s o u r c e  o f  t h i s  e n e r g y  i n  1982 a n d  i t s  - 
c o n s u m p t i o n  s i n c e  1976 ,  i s  shown on - -  
T a b l e s  2 a n d  3 .  

I f  t a k e n  a n  a v e r a g e  o f  9 %  as a re- 
p r e s e n t a t i v e  o f  t h e  v a l u e s  f o r  t h e  p r g  
v i o u s  t a b l e ,  a n d  i n  t h e  case t h a t  o n l y -  
h a l f  c o r r e s p o n d s  t o  a Power G e n e r a t i o n ,  
b y  means o f  C o n v e n t i o n a l  T h e m e l e c t r i c s ,  
s h o u l d  b e  n e c e s s a r y  t o  b u r n  up a l m o s t  - 
1 . 8  X l o 6  b a r r e l s  o f  o i l  p e r  d a y ,  b y  the  
y e a r  2010.. Growth i n  t h i s  manner  c a n  - 
n o t  b e  a f f o r d e d ,  s i n c e  Hydro Generation 
c o u l d  n o t  go as  much a s  t h r e e  t i m e s  i t s  
a c t u a l  i n s t a l l e d  c a p a c i t y ,  c o a l  i s  v e r y  
l i m i t e d  a n d  N u c l e a r  s o  e x p e n s i v e .  

T h e r e f o r e ,  i t  seems more convenient 
f o r  Mexico t o  e l a b o r a t e  a s h o r t  and long 
range planning, for the  construct ion of Power- 
P lan ts ,  based on the  a v a i l a b i l i t y  of a l t e r n  - -  
sources of energy, of which Mexico is p l e n t i f u l .  
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GEOTHERMAL RESERVES. 

To d a t e  i n  Mexico a r e  known 3 4 6  - -  
a r e a s  w i t h  p o s s i b i l i t e s  f o r  Power Gene- 
r a t i o n ,  most  o f  them d i s t r i b u t e d  a l o n g -  
t h e  V o l c a n i c  B e l t  a s  i n d i c a t e d  on Fig. 2 .  

C E R R O  P R I E T O  

FIG. 

7 0 0  M W  

T A B L E  4 -  M E X I C O  G E O T H E R M A L  RE 

2 . -  GEO'lHEFWL 
LOCALIZATION 
OF GEOTHERlfU. AREAS. 

OTHERS 

The a p p l i c a t i o n  o f  m u l t i p l e  e x p l o -  
r a t o r y  a n d  p r o d u c t i o n  t e c h n i q u e s  a s  wel l  
a s  m a t h e m a t i c a l  m o d e l i n g  t o  p r e d i c t  and  
e v a l u a t e  G e o t h e r m a l  P o t e n c i a l  o f  s u c h  - 
a r e a s ,  h a s  p e r m i t t e d  t o  c l a s s i f y  t h e  - -  
r e s e r v e s  a s  p e r  T a b l e  4 .  

a 5 7  Y W  

The d i s t r i b u t i o n  o f  t h e s e  r e s e r v e s  
a r e  : 

- P r o v e d  r e s e r v e s  ; determined through 
e x p l o r a t o r y  a n d  p r o d u c t i o n  wel l s ;  
a n d  a s  a r e s u l t  o f  u s i n g  mathemg 
t i c a l  model t o  e v a l u a t e  potent ia l -  
a n d  a s s u r e  no  l e s s  t h a n  20 y e a r s  
o p e r a t i o n .  

S E R V E S  

W i t h i n  t h e  a c c e s s i b l e  r e s o u r c e  - - -  
b a s e ,  as d e f i n e d  by t h e  U . S . G . S . :  

- I d e n t i f i e d  r e s e r v e s ;  character ized 
by  d r i l l i n g  o r  by g e o c h e m i c a l ,  - 
g e o p h y s i c a l  and  geological evidence. 

LOS AZUFRES M l C H  4 9 2  Y W  

LO5 HUMEROS. P U E  6 6 8  M W  

L A  PRIMAVERP,  J A L  

I A N  MARCOS.  J A L  -- 2 6 0  K W  - 

C E R R O  PRIETO. B C  108  M W  

----___ - - .- -- - 

_ -  . 

1 4 8  Y W  
- -  .~ 

S A N  A G U S T I N ,  MICH. ~ 2 6 0  M W  

A R A R O .  M l C H  ' 260 M W  

_ _  

S A N  BARTOLOME.  GTO.  1 460 MW 

T O T A L  I D E N T I F I E D  14,600 M W  - ~ _ .  ~ ~ 
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-Undiscovered reserves; unspecified- 
concentratios of Geothermal Energy 
surmised to exist on the basis of 
broad geologic, and geochemical - 
knowledge and theory. 

From all the rest of the 346 areas, 
was estimated 6 000 NW as possible. 

_ _  _ _  

LOS A Z U F R E S  I 

_-_ ._ 

POWER PLANTS CONSTRUCTION PROGRAM. 

As o f  the moment, the program indi 
cated on Table 5 is included in the - - -  
construction and investment program o f -  
the Electric Sector (POISE). Graphic - 
Representation is made in Fig. 3. 

___ .___-__ 
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- , - 
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POWER ( Y W I  
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1 9 9  I 

, 

P O W E R T O  
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1 1 I 

T A B L E  5 - P O I S E  G E O T H E R M A L  P O W E R  

P L A  N T  S CON S T R U C T I  0 N P R O G R A M  

A C T U A L  I 2 6  i e o  - - 

One year experience, operating 5 - 
blw portable units in Los Azufres, has - 
demonstrated the convenience of using - 
them especially as complement of Power- 
Plant with condenser. 

One of the main attractives of - - -  
.using these plants is its relative small 
size and short time for hook up and ruG 
ning it after well completion, which - -  
saves ,money and gives very useful reser 
voir information before deciding the - -  
installation of a formal Power Plant. 

An intermediate alternate is the - 
utilizat.ion o f  1 0  MW small plants with- 
condenser. These are not as portable - 
as the 5 MW plants but more efficient. 

The possibility of using small - - -  
plants looks attractive for Mexico, - - -  
since National Manufacturers are able - 
to produce them not totally but in great 
part. 

2 6  I i e o  1 2 0 6  

In table 6, is shown the alterna - 
tive to modify the Geothermal Power - - -  
Plants construction of POISE, but subject 
to financial and economical relation - -  
ships of the country. 

The installation cost per KW for - 
the different types of plants is as - - -  
f o l l o w s :  

C O S T  I N  U S C Y l K W  

W-' 1; 

I S 9  2  I 4 0  I I O  

1 9 9 3  1 4 s  I - 

W E L L S  P O W E R  
P L A N T  I 

I I I 

i e o  7 1 0  I S I 0  
2 1 6  8 4 0  I O 5 6  

9 5 6  I 2 0 5  2 5 6  
3 0 0  0 5 0  I 2 5 0  

5 5  M W  1 5 ' M W  

- 

2 0 0 0  1 e o  

( I )  T A K E N  F R O M  C E R R O  P R I E T O  I1 

( 2 )  T A K k N  F R O M  L O S  A Z U F R E S  

I I O  708  I33 5 2040  

S 7 6  

6 4 6  

% C E R R O  P R I E T O  180 YW 
L O 8  A Z U F R E 8  2 6  Y W  

T O T A L  2 0 6  Y W  

I 

eo e1 e 63 e4 65 e6 e7 69 90 SI 0 2  

1.- G R A P H I C  R E P R E S E N T A T I O N  O r  C O N 8 T R U C T l O N  P O R O O R A Y .  

- 1 4 0 5  1 1006 141 0 

T A B L E $ . - A L T E R N A T I V E  TO COYSTRUCTIOW PROGRAY OF POISE 
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I n  o r d e r  t o  a t t a i n  an e n e r g y  g e n e -  
r a t i o n  a s  m e n t i o n e d  b e f o r e , , i t  w i l l  b e -  
n e c e s s a r y  t o  d r i l l  a t  a p a c e  o f  30 t o  - 
35 we l l s  p e r  y e a r  as a n  a v e r a g e .  

D r i l l i n g  a n d  r e l a t e d  a c t i v i t i e s  - -  
s u c h  a s  e x p l o r a t i o n ,  reservoi r  engineering 
and  s u r f a c e  i n s t a l l a t i o n s  d e s i g n ,  w i l l -  
r e q u i r e  a n  a d e q u a t e  t r a i n i n g  p r o g r a m  o f  
human r e s o u r c e s .  

The f o r e c a s t s  o b t a i n e d  f o r  t h e  year 
2 0 0 0  h a v e  b e e n  b a s e d  on t h e  f o l l o w i n g  - 
p r e s u m p t i o n s :  

EXPLORATION. 

S u s t a i n m e n t  o f  t h e  e x p l o r a t i o n  - - -  
a c t i v i t i e s  u t i l i z i n g  f i v e  g r o u p s  e a c h  - 
c o n s i s t i n g  o f  1 Geologist, 1 Geophysicit, 1 
Geochemist and 1 Reservoir Engineer, besides  - 
t h e  aux i l i a ry  nonspecialized personnel. 

A c c o r d i n g  t o  o u r  p r e s e n t  o r g a n i z g  
t i o n a l  d i a g r a m ,  i n t e r p r e t a t i o n  and  e v g  
l u a t i o n  o f  t h e  c o m p i l e d  d a t a ,  would take 
p l a c e  a t  t h e  C e n t r a l  O f f i c e s  where  5 - -  
Geologists, 3 Geophysicist, 5 Spec ia l i s t s  i n  - 
Petrography and 5 i n  Hydrology would be re - -  
q u i r e d .  

D R I L L I N G  . 
I f  one  e q u i p m e n t  i s  c o n s i d e r e d  t o -  

d r i l l  3 1 / 2  w e l l s  p e r  y e a r ,  10  d r i l l i n q -  
e q u i p m e n t s  w i l l  be  n e c e s s a r y  i n  o r d e r  - 
t o  a c h i e v e  t h e  e s t a b l i s h e d  a n n u a l  g o L i -  
o f  35 w e l l s .  T h i s  means f o r  CFE t o  have 
1 0  Dr i l l ing  Engineers, 30 Supervisors, 10 - - - 
Spec ia l i s t s  i n  E lec t r i c  Ne11 Logs plus  some L J  
T e c h n i c i a n s  a b l e  t o  h a n d l e  t h e  l o g g i n ?  
e q u i p m e n t s .  On e a c h  f i e l d  where d r i l l i n g  
i s  t a k i n g  p l a c e  i t  w i l l  b e  r e q u i r e d  i n -  
a d d i t i o n ,  1 Geologist, 1 Geochemist, 1 Envi-- 

ronmental Protect ion Engineer, 2 Reservoir Engi- 
neers  and 2 Well Termination Spec ia l i s t s .  To 
t h i s  we must add  t h e  r e s p e c t i v e  F i e l d  - 
a n d  L a b o r a t o r y  T e c h n i c i a n s .  

PRODUCTION. 

D u r i n g  t h e  e x p l o i t a t i o n  o f  a f i e l d ,  
p e r m a n e n t  a c t i v i t i e s  o f  well  r e p a i r ,  - -  
m a i n t e n a n c e ,  h y d r o l o g y ,  e v a l u a t i o n  of  - 
t h e  r e s e r v o i r  e v o l u t i o n  a n d  f i e l d  o p e r a  
t i o n s  a r e  r e q u i r e d .  F o r  t h i s  p u r p o s e  - 
we a r e  c o n s i d e r i n g  f o r  e a c h  f i e l d  b e i n g  
e x p l o i t e d ,  2 Dri l l i ng  Engineers, 8 Techni - - -  
cians on Well Repair, 3 on Geochemistry, 2 on - 
R e s e r v o i r s ,  12 on P r o d u c t i o n / G e n e r a t i o n  
and  4 on S p e c i a l i z e d  M a i n t e n a n c e  ( I n s  - 
t r u m e n t a t i o n ) .  

PRELIZIIX4RY PLANS: 

With t h e  p u r p o s e  o f  i n t e r p r e t i n g  - 
t h e  g e o t h e r m a l  d a t a  a n d  s t u d y i n g  t h e  - -  
most  a d e q u a t e  t e c h n i c a l  o p t i o n s  f o r  e z -  
p l o i t a t i o n ,  i t  i s  n e c e s s a r y  t o  c a r r y  out 
t h e  a p p r o p r i a t e  f a c t i b i l i t y  s t u d i e s  and 
p r e l i m i n a r y  p l a n  w h e r e  t h e  thermodynamic 
c y c l e ,  s e p a r a t i o n  and  w e l l  h e a d  p r e s  - -  
s u r e s ,  and  p o l i c i e s  f o r  b e s t  r e s o u r c e  - 
e x p l o i t a t i o n  b e  e s t a b l i s h e d .  T h i s  ill - 
v o l v e s  t h e  p a r t i c i p a t i o n  o f  E n g i n e e r s  - 
S p e c i a l i s t s  on G e o t h e r m a l  P r e l i m i n a r y , -  
P l a n s  i n  a d d i t i o n  t o  t h e  M e c h a n i c a l ,  - -  
C i v i l ,  Chemica l  a n d  E lec t r i ca l  Engineers. 

SCIENTIFIC SUPPORT: 

A s  i n  g e o t h e r m i c s  exceptional cases  - 
a r e  t h e  common r u l e ,  i t  w i l l  b e  n e c e s s a  
r y  t o  c o u n t  on  a g r o u p  o f  h i g h  l e v e l  - -  
s p e c i a l i s t s  d e d i c a t e d  t o  t h e  s t u d y  a n d -  
s o l v i n g  o f  t h e  s p e c i f i c  p r o b l e m s  a r i s ing  
on e a c h  f i e l d .  This group must include a t -  
l e a s t  one Specialized Engineer on each of the-  
following areas :  Reservoirs, Thermodynamics,- 
C o r r o s i o n ,  Geohydrology, Geochemistry, Geg - 
p h y s i c s  , Dri l l ing ,  Environmental Pro tec t ion , -  
C h e m i s t r y  a n d  h l echan ic s .  

We a r e  c o n s i d e r i n g  t h a t  t h e  p l a n t -  
d e s i g n  and  c o n s t r u c t i o n  a c t i v i t i e s  could 
b e  p e r f o r m e d  by t h e  h i g h l y  q u a l i f i e d  - -  
p e r s o n n e l  t h e  C e n t r a l  O r g a n i z a t i o n  should 
h a v e  f o r  t h e  e x e c u t i o n  o f  a construct ion-  
p r o g r a m .  

A l l  human r e s o u r c e s  m e n t i o n e d u n t i l  
now a r e  i n t e n d e d  t o  c o n t i n u e  r e c e i v i n g -  
t h e  s u p p o r t  o f  c o m p a n i e s  d e d i c a t e d  t o  - 
t h e  r e s e a r c h  o f  s u b j e c t s  r e l a t e d  t o  - - -  
G e o t h e r m i c s  a n d  o f  t h o s e  I n s t i t u t i o n s , -  
N a t i o n a l  o r  I n t e r n a t i o n a l ,  i n v o l v e d  a s -  
p r o d u c i n g ,  c o o r d i n a t i n g  o r  r e s e a r c h  a n d  
d e v e l o p m e n t  e n t i t i e s .  

M o r e o v e r ,  o u r  e x p e r i e n c e  seems t o -  
i n d i c a t e  t h a t  f o r  14exico i t  would  be  - -  
v e r y  e n t i c i n g  t o  m a n u f a c t u r e ,  a n d  t o  a -  
c e r t a i n  d e p r e e  d e s i g n  w i t h  i t s  own t e c h  
n o l o g y ,  g e o r h e r m a l  t u r b o g e n e r a t o r s  o f  - 
s m a l l  c a p a c i t y  t o  b e  u s e d  as  i m p o r t a n t -  
complement  t o  t h e  f u t u r e  g e o t h e r m a l  d e -  
v e l o p m e n t .  

We w i l l  c o n c l u d e  s a y i n g  t h e  p a n o r g  
ma we h a v e  p r e s e n t e d  o v e r  t h e  geothermal 
d e v e l o p m e n t  i n  bTexico i s  a m b i t i o u s  b u t -  
r e a l i s t i c .  To b e  a b l e  t o  c a r r y  o u t  t h e  
p r o p o s e d  p l a n  i t  w i l l  b e  n e c e s s a r y  t o  - 
c a r e f u l l y  e s t a b l i s h  a p r o g r a m  f o r  t h e  - 
f o r m a t i o n  o f  q u a l i f i e d  p e r s o n n e l  w h i c h -  
includes formal room ins t ruc t ion  a s  well as  - -  

p r a c t i c a l  f i e l d  t r a i n i n g .  
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