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A STUDY OF THE CERRO PRIETO GEOTHERMAL RESERVOIR

* C. Esquer and M.J. O'Sullivan

Auckland University

ABSTRACT

T h i s report describes a simulation study of 
the Cerro Prieto Geothermal f i e ld . A sumnary of
the most fmportant features of the f i e ld is presented.
Geological , geophysical and hydrostatic models were 
constructed and adapted. These a r e analysed and
discussed, to obtain a good concept of the geothermal
system. Some simulations were carried out us ing the
SHAFT 79 program on a very simply single- layer model.
The resu l t s were not sa t i s fac tory indicating a more

ex, probably ti -1ayer,model i s requ ired.

INTRO ON

Model simulation of reservoirs i s a basic tool
for studying a geothermal system. When i t is used,
greater knowledge of the system can be obtained,
thus helping to answer many questions a s well as
predicting the future reservoir behaviour. This

t h a t an adequate plan fo r the optimal exploi-
ta t ion of the system can be achieved. The simulation
work requires numerical analysis t o solve the

of and energy transfer.
a t the present time are available
which have been developed fo r use w i t h computers.

parameters must be taken into account, therefore,
help is required from sc ien t i s t s such a s geologists,
geophysicists, geochemists, hydrologists, etc.
A preliminary model can be created fo r a system,
based on an i n i t i a l stage of exploration. T h i s model
can then be calibrated w i t h the new wells dr i l led , the
production history and l a t e r studies. T h i s work
shows a simulation example based on the Cerro Prieto
geothermal f i e ld , and even though there was not
enough time, the author t r i e s t o cover the main points.

Fi rs t ly , the more important features of the
reservoir were summarized, based on various sc ien t i f i c
studies carried out i n the area. These features and
t h e i r interpretations were used to create geological
geophysical and hydrostatic models, which are
compared and discussed to obtain a conceptual model
which can be used f o r the simulation study. 

out the simulation; instead, the Shaft 79 program
developed a t Lawrence Berkeley Laboratory was used.
The complicated model obtained i n this work was not
used i n the numerical simulation. Instead, a simple 
model o f a uniform layer was adapted to the f i e ld
characterist ics. The simulation work was based on
the production enthal py and drawdown pressure, which
have measured the more exploited zone of the

However,

To create a good simulation a large number of

A numerical model was not created to carry

* UNDP Fel low, 1981.

geothermal f i e ld from 1973-78. The resul ts
obtained were not successful; they indicate
that a f a i r l y good simulation can be obtained
only i f the real parameters a re based on the
conceptual model. Any i f i ed model must
be a representative model of the geothermal
system.

I - DATA REVIEW AND INTERPRETATIONS

General kqround

The Cerro Prieto geothermal f ie ld i s situated
nearly 30 km southeast of Mexicali City, Baja
California.
Colorado River del t a , w i t h the Cerro Prieto
volcano prominance standing out.

The region i s a plain on the

Geological evidence indicates tha t the age o f
the Cerro Prieto volcano is approximately
110,000 years B.P. (De Boer and the
age of the geothermal system, defined by some
authors a s a young system, is between 50 and
10,000 years (Truesdell e t

The first shallow wells were dr i l led i n 1961,
b u t the exploratory deep dr i l l i ng was not
started until 1964. The Comision Federal de
Electricidad began generation of e lec t r i c i ty i n
1973, using two turbogenerators o f 37.5 MW each.
An average o f 15 wells w i t h a production of 730

of steam (Bermejo M. e t (1978))
were required; six years l a t e r the capacity of
the plant was increased to 150 A t present,
88 wells have been dril led, most of them w i t h i n
an area of about 22
a conceptual model of the reservoir a review o f
data on tectonics, geology, geophysics, geochemis-
try, hydrology and 1 completion was undertaken.
Details of this review are contained in Esquer
(1981).

In order to develop

- MODELLING

Geological Model

The geological model ( F i g . 1 ) was adapted
from De l a Pena e t (1979) and Abril and
Noble (1978).
between the consolidated and unconsol idated
sediments i s shown.

On the model, only the boundary

For the purposes o f this work, the reservoir
i s considered to be a homogeneous porous rock,
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since the production zone i s not a uniform layer
(Lyons and Van de Kamp (1979)).

The basement depth, due to the lack of
information, a t l eas t on the western part, was
adapted form the res i s t iv i ty model.

by dif ferent authors are shown on the model.
Some of the fau l t s which have been inferred

Geophysical Model

The geophysical model (F ig .2 ) taken from
Wilt and Goldstein (1979). Even though the l ine
under consideration fo r this model does not corres-
pond to the l ine fo r which the res i s t iv i ty model
was developed, previous analysis showed a f a i r l y
good correlat ion.

Hydrothermal Model

through the reservoir, cross-sections were drawn
(a typical example is given i n Fig.3)
data from M. e t (1979) and Mercada G.
(1975) were used.

I t was assumed that the temperatures are
the water-rock equilibrium temperatures, and that
the central part of the f i e ld had not been affected
by the exploitation.

To determine the distr ibution of temperatures

Temperature

Model Analysis

(not shown i n t h i s work) show the geothermal zone
a thermal plume of 350°C i n i t s hottest  part ,  
which ascends from east to west.
the other authors previously mentioned.

which i s approximately perpendicular to the previous
ones, indicates the w i d t h of the thermal plume.
I t shows a more defined boundary towards the n o r t h ,
near well M-172. In contrast, towards the south,
the gradient i s more uniform. Most of the cross-
sections a gradual decrease of the plume a t
the southeast of the f i e ld .

In some of the cross-sections, i t i s evident
tha t there is an upflow o f the thermal plume. I t
is located approximately in an elongated zone
heading approximately south-north. This upflow i s
where the thermal f lu ids discharge to the upper
s t r a t a of the reservoir.

the wells located within th i s zone, whose isotherms
clear ly indicate the existence of a discharge zone.

This zone clearly coincides w i t h the location
of the Hidalgo f a u l t according to De la Pena e t
(1979) and Bermejo M . e t or w i t h a
very fractured zones, as Puente C . and De la
(1978) describe i t .
f a u l t o r f a u l t s d i f f e r s according to the dif ferent
a u t h o r s . This upflow zone was so compared with
the dipolar anomaly proposed by Corwin e t (1978,
1979) and the two are very similar.

An analysis of the production data indicates
t h a t most of the wells which are located along this
upflow zone showed high enthalpy a t the beginning
of the i r exploitation.

The cross-section AA' (Fig.3) l ike other ones

T h i s agrees w i t h

Another cross-section CC' (see Esquer, )

Section DD' (see Esquer, 1981) shows some of

The exact location of the

This was interpreted as

the existence of a steam zone (Bermejo M . e t
(1979) and Truesdell e t This steam
could have formed during the ascent of the f lu ids
and i t accumulated i n the upper s t r a t a of t h i s
zone, since, as Bermajo M. e t (1979) mention, 
this steam was extracted during the f i r s t years
of exploitation.

advance towards the western par t of the f i e ld ,
and some of them become present i n the thermal
manifestations i n tha t area, where the A/B
boundary is le s s evident (Puente C. and De l a

(1978)).
have decreased due to exploitat ion.

The wells located i n the west, southwest and
northwest of the d show reverse temperatures,
forming convection cel l s, which indicate the 

of colder f lu ids  in to  the reservoir.
The hottest f lu ids seem to extend up to b u t not
beyond the upf 1ow zone.

The gradual temperature gradient towards the
eas t of the f i e ld suggests a large cold front
acting over the thermal plume; this cold front
could be the waters coming from the Colorado
River, as was suggested by Mercado G. (1975).

When the geological model is compared w i t h
the hydrothermal model (F ig . 1 and the
thermal profi les look l ike the A/B boundary.
T h i s indicates the e f fec t of hydrothermal
metamorphism on the sediments, as Elders e t
(1978) mention.

rature cross-sections; others, however, located
i n the eastern part , which have been proposed
by the authors, are not apparent. 
require a more analysis.

f a u l t according to Abril , G. and (1978).
I t indicates the boundary of the f i e ld , as was
suggested by other authors, because this fau l t
could be a conductor fo r colder f lu ids coming
from the alluvian fans (Mercado G. (1975)) or
the recharge indicated by Truesdell e t

The steep slope of the thermal prof i le between
wells M-53 and M-172 suggests the existence of
a boundary nearby.
s ta ted by De l e e t (1979) and Bermejo
M. e t who believe tha t the Hidalgo
f a u l t passes about 0.5 km north of well M-172.

When the geophysical model i s compared w i t h
the hydrostatic model, the res i s t ive body of
4 ohm-m seems to be the thermal plume a t i t s
hot tes t part b u t i t is not similar i n
the eas t , where the thermal plume is w i t h i n the
res i s t ive body of 1.5 ohm-m. T h i s body of 1.5
ohm-m seems to be a body o f water, the tempera-
tures of which are and less .

The thermal plume i s deeper towards the
southeast, perhaps indicating the gradual upward
movement of the h o t f lu ids coming from that
direction, which is in accord w i t h a magnetic
anomaly a t the southeast of well NL 1, stated
by Fonseca and Razo (1979).

The horizontal flows shown by the cross-sections

These thermal manifestations

Some of the f a u l t s are evident on the tempe-

T h i s may

Figure 2 shows the location of the Cerro Prieto

T h i s could be a fau l t , as
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FIGURE 1 : Geological model. (Adapted from Puentec and De l a and Abril , G . and
Noble (1978).
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FIGURE 2 : Hydrothermal model, d i s t r i b u t i o n o f t empera tu res along the AA ' cross s e c t i o n .
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Summary CONCLUSIONS

1 . A f a i r l y good concept of the geothermal system 
has been obtained.
simulation work.

The upflow zone seems to be dominated by
several f a u l t s instead of one. I t corresponds
to a very fractured zone as Puente C. and De
l a (1978) stated.

3. The geological, geophysical and hydrostatic
models were placed i n an east-west position
because of the f lu id movement in this
direction.

4. A t present, the temperature patterns of the
exploited zone have been affected due to
continuous exploitation. The scaling deposition
which is found mainly i n the wells surrounding
the shallow zone, the geochemical evidence
and downhole measurements suggest the
intrusion of colder f lu ids , which must have 
affected the f lu id and rock properties in
that part of the reservoir.

T h i s can be adapted for

2.

- SIMULATION

Previous Work

a suitable model fo r the Cerro Prieto geothermal
f i e ld . From these ea r l i e r studies the author
only has of advances unti l 1979.

t o compare the effec ts using isothermal data in
geothermal systems (not isothermal applying 
these t o a simple model of Cerro Prieto. They
show the effec ts of the upper and lower recharges
upon the reservoir temperature.

Lippman and Goyal (1979) carried out numerical
simulations on a geological model, establishing

recharge and discharge conditions of the f ie ld
before expl oi t a t i on.

ibrated under production character is t ics through
the exploitat ion time, and he simulates the evolution
o f the unexploited area.

C. e t u s i n g a confined aquifer
i f ied model, predict the future conditions

under 1500 MW generation.

Earlier work reveals the attempts to construct

Lippman e t (1978) develop numerical models

Liguori (1979) shows a mathematical model

The Model 

As a f i r s t attempt a simple square model was
chosen. I t was divided into 9 blocks, each one
o f 1.6 km x 1.6 km x 200 i n s ize . The model
was adapted to the dr i l l ed area, and most o f the
production wells were taken into the central block.

this simple model (see Esquer, 1981, for de ta i l s )
b u t none were successful i n producing a good match
of pressure and enthalpy history.

Several simulations were carried o u t using

1.

2.

3.

CONCLUSIONS

None of the simulations carried out can be
considered successful .
The enthalpy and pressure matches could 
have been obtained, b u t even then t h i s project
could not have been considered successful ,
because the conditions considered as in i t i a l
conditions of the reservoir would not have
corresponded to the real conditions.

The model chosen fo r simulation was not the
most appropriate one fo r doing this work,
which requires a t l eas t three layers.  The
reservoir should have been considered as a
central divided into small blocks,
because the model considered was too big to
be considered a s isothermal and w i t h isotropic
permeabi 1 i ty.

T h i s simulation work shows why the simulation
must be based on the real character is t ics
of the system.
b u t the resul ts should be more successful.

More time would be required,
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FIGURE 3: Geophysical model. (Adapted from Wilt and Goldstein (1979)) .




