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ABSTRACT 

It presents a systematic methodology to  eval- 
uate the reservoir characteristics of Chipilapa- 
Ahuachapan geothermal field through the highly 
diluted natural manifestations (springs and do- 
mestic wells) in its surroundings. The manifes- 
tations are classified in three main groups ac- 
cording to  their mechanism of formation: high 
salinity water (HSW), medium salinity water (MSW), 
and Sulfated Water (SW). The reservoir temper- 
ature at Chipilapa geothermal field is around 
220°C which is estimated with application of 
various chemical geothermometers. The isotopic 
studies indicate that the heating of local me- 
teoric water with the separated steam of deep 
reservoir fluids is a dominating process in the 
formation of springs and domestic wells fluids. 
The process of formation of primary and sec- 
ondary vapor explains the isotopic composition 
of fumaroles. 

INTRO DU C TI0 N 

To evaluate prospects of a geothermal field, the 
geochemical studies of natural manifestations, 
springs and fumaroles are of great help as they 
provide preliminary estimates of reservoir char- 
acteristics and hydrothermal model of the sys- 
tem. As geochemistry of fumaroles is yet not 
very clear, the geochemical exploration is ba- 
sically based on spring water samples. If the 
springs are highly diluted (Le. containing a very 
small component of deep reservoir fluid), it is 
quite difficult t o  obtain concrete results. Thus 
it requires a special attention in interpretation 
of the data of such highly diluted natural man- 
ifestations. 

The Chipilapa geothermal field is located in the 
western part of El Salvador, in north-west of the 
coastal cordillera, the east of Ahuachapan City, 
and south-west of Turin and Atiquizaya locali- 
ties (Nieva et al, 1990). Ahuachapan geother- 
mal system is located west of Chipilapa geother- 

mal field and its has an installed capacity of 90 
MWe. Chemical analyses of production fluids 
from Ahuachapan geothermal system indicate 
a gradient in temperature and calculated reser- 
voir chloride concentration from 265°C and 9000 
ppm C1 in the western part to  235°C and 6000 
ppm C1 in the eastern part (Truesdell, 1989). 
This is considered as a mixing of cooler and less 
saline water. 

Stewart (1990) reassessed the isotopic work of 
Nuti et a1 (1986) with the aim to  obtain reser- 
voir conditions. The isotopic composition of the 
fumaroles indicates their formation from high 
temperature (200’C) steam within the geother- 
mal aquifer. 

In the present article we report the results of 
geochemical studies obtained under the project 
“Geoscientific and Reservoir Engineering Stud- 
ies of the Chipilapa Geothermal Field”. This 
project contemplates Geochemical, Geophysi- 
cal, Geological and Reservoir Engineering stud- 
ies to  estimate geothermal potential of the Chip- 
ilapa system to  produce electricity. 

GEOCHEMICAL EVALUATION OF 
NATURAL MANIFESTATIONS 

The hydrothermal activities at Chipilapa geother- 
mal field are evident in the form of a number of 
fumaroles, cold and hot springs, and hot water 
domestic wells. A program of continuous mon- 
itoring the chemical behavior of natural man- 
ifestations has been carried out by ‘Comisi6n 
Ejecutiva HidroelCctrica del Rio Lempa’ (CEL) 
during 1980 and 1983. These data have been 
compiled by Nieva et a1 (1990) to  define the 
program of sampling of the manifestations for 
chemical and isotopic studies in order to assess 
geothermal potential of the field. 

The chemical and isotopic (Sl’O and 6D) anal- 
yses of the samples collected during 1990 are 
given in the Table 1. The chemical analyses 
were performed at  ‘Centro de Investigaciones 
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Geotdrmicos de CEL, El Salvador’, whereas the 
isotopic analyses are carried out a t  ‘Instituto 
de Investigaciones ElCctricas, Mdxico’. There is 
a good agreement in the chemical analyses of 
these samples and that of the sampling points 
analyzed during 1980 and 1983. 

No / 1000 

A Symbol  

Average (previous 
doto) 

A April, 90 

0 AhuOchopon reservoir f luid 

Classification of the Manifestations 

In an internal report of CEL, it has been ob- 
served the existence of various types of waters 
from Ca-Mg-HC03 type to  Na-Cl type, and sul- 
fated waters (CEL, 1986). This classification 
is based on the utilization of comparative di- 
agrams such as Pipper diagram. Nieva et al 
(1990) have shown that the springs waters have 
a very small percentage of deep geothermal fluid, 
one has to  take care in case of classification of 
such manifestations. 

Giggenbach (1988) proposed a triangular dia- 
gram of Na, K, and Mg, using the thermody- 
namic properties of stable minerals to distin- 
guish waters in equilibrium with high temper- 
ature minerals, waters formed of partial equi- 
librium, dilution or mixing, and shallow waters. 
The fluids from Chipilapa-Ahuachapan geother- 
mal system are plotted in this triangular di- 
agram (Figure 1). The fluids obtained from 
the drilled wells of Ahuachapan geothermal sys- 
tem are situated at the rock-water equilibrium 
curve. It also indicates the equilibrium tem- 
perature of 260°C. Whereas the fluids from the 
springs fall in the region of shallow waters. This 
may be due to  high dilution with superficial wa- 
ter or re-equilibrium with rocks at low temper- 
ature. However, there exists a good correlation 
in concentration of Na and K, which supports 
the highly dilution of geothermal fluid with lo- 
cal meteoric water. 

With bi-variable diagrams of concentration of 
dissolved species in the fluids of the manifesta- 
tions, Nieva et  a1 (1990, 1990a) have shown the 
existence of various types of geothermal waters, 
although the fluids are highly diluted with lo- 
cal meteoric water. The manifestations may be 
grouped in the following dominant types: High 
Salinity Water  (HSW) which are derived with mix- 
ing of high saline water (separated jluid of deep reser- 
voir Juid)  and meteoric water , Medium Salinity Wa-  
ter (MSW), formed with dilution of medium saline 
geothermal component with meteoric water and Sul- 
fated Water  (SW), and mixture of these waters. 
Under this classification the meteoric waters be- 
longs to  both groups, HSW and MSW as they 
are end member of tendencies of the groups in 
bi-variable diagrams. The SW manifestations 
have very low salinity, but high concentration of 

K / 1 0 0  

Fig. I :  Triangular diagram in relative contents of Na,  
K, and Mg to evaluate rock-water interaction 
equilibrium temperature of a geothermal sys- 
tem (Giggenbach and Stewart, 1982). 

bicarbonates and sulfates. These are in general 
located in the high mountain range in the south 
of the Chipilapa-Ahuachapan geothermal field, 
whereas the manifestations related to  HSW and 
MSW are located in the low elevation part in 
the north the geothermal system. 

Chemical Geothermometers 

The reservoir temperature of Chipilapa geother- 
mal system is estimated by applying Na-K-Ca 
(Fournier and Truesdell, 1973), Na-K-Ca with 
Mg correction (Fournier and Potter, 1979), 
Cation Concentration (Na-K-Ca-Mg, Nieva and 
Nieva, 1987) and Na-K (Fournier, 1979) geother- 
mometers. These geothermometers show a wide 
variation in underground temperature. The Na- 
K-Ca geothermometer indicates temperatures 
up to  215”C, whereas the temperatures mea- 
sured by the Na-K geothermometer are mostly 
around 260°C. However, the geothermometers 
which consider the correction of Mg, such as 
Na-K-Ca with Mg correction and Cation Con- 
centration (CCG) geothermometers, show quite 
low temperature. The high concentration of Mg 
in these samples, relatively, indicates that  the 
thermal component of water might have suf- 
fered a re-equilibrium at  low temperature dur- 
ing ascending to  surface or its composition has 
been altered sufficiently with mixing of high pro- 
portion of superficial cold waters. 

It has been observed that the temperature mea- 
sured for the high concentration samples of MSW 
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Table 1: Chemical and isotopic analysis of natual manifestat.ions in surroundings of Chipilapa-Ahuachapan geothermal system 

E724 
E 7 3 i  
P438 
P448 
P457 
P481 
h12 

F i 1 7  
F i 3 0  
F i 3 3  
F733E 
F i 3 4  
F i 3 5  
F i j i  
F i 6 0  
P468 

F719 
F i 4 0  
F i 4 1  
P412 
P413  
h l l  

F716 
F i 2 0  
F726 
F 7 2 i  
F i 2 8  
F i 2 9  
F i 4 i  
P469 
P526 
h128 

F i 2 2  
F i 2 5  
E752 
F i 5 4  
P410 
P414 
P414 
F i 4 4  

Sample Da te  Na I< C a  RIg C1 SO4 C 0 3  " 2 0 3  S i 0 2  B Fe Li SI pH Elec. T Charge 6l'O 6D 

Meteoric water with very low proportion of geothermal component 
Cond. ("C)  bd.( ) 

11/04/90 
11/04/90 
11/04/90 
10/04/90 
27/06/90 
27/06/90 
11/04/90 

11 /04/90 
11 /04/90 
11 /04/90 
11/04/90 
11/04/90 
11/04/90 
11/04/90 
11/04/90 
2i /06/90 

27/06/90 
20/06/90 
27/06/90 
11/04/90 
11 /04/90 
11/04/90 

11/04/90 
11/04/90 
10/04/90 
10/04/90 
10/04/90 
10/04/90 

5/04/90 
11/04/90 
10/04/90 
05/04/90 

11/04/90 
10/04/90 
11/04/90 
11/04/90 
11/04/90 
11/04/90 
25/06/90 
10/04/90 

22.6 5.6 25.0 11.7 
25.3 5 . i  37.5 18.2 
35.0 6.9 22.0 11.0 
3 i . 2  9.6 28.8 13.1 
38.2 i . 4  29.0 13.6 
37.2 7.5 30.0 11.2 
35.4 6.2 24.6 10.0 

201.0 23.0 13.9 3.6 
18i.0 23.6 15.1 3.5 
128.0 20.8 34.0 7.0 
132.0 21.0 34.0 i . 2  
164.0 23.0 23.4 4 . i  
175.0 22.8 20.4 4.2 
109.0 17.5 22.4 4.6 
100.0 15.2 18.7 4.6 
174 20 23.8 6.0 

154 25.2 29.8 12.1 
229.0 39.0 28.0 10.3 

70 15.7 26.8 12.8 
139.0 25.2 36.8 12.6 
154.0 24.4 30.4 10.0 
148 23.6 28.4 10.6 

16.2 7.5 43.0 13.8 
24.0 5.6 20.9 9.2 
29.9 9.5 53.0 11.2 
29:3 9.6 49.0 10.8 
12.0 2 . i  36.4 8.3 
11.5 2.2 39.5 8.4 
23.4 6.2 64.0 14.2 
15.1 4.5 28.2 8.2 
12.5 4.1 22.6 10.8 
49.8 17.8 24.6 5.9 

165.0 23.4 21.4 6.5 
8 . i  4.1 21.0 6.5 

167.0 20.8 20.0 6.3 
167.0 22.2 15.0 7.0 
i1 .5  16.6 36.4 16.0 

166.0 23.6 22.4 i .0  
164 24.2 22.8 7.8 

10.2 3.3 ?1.2 3.9 

6.5 
22.9 
23.2 
26.9 
2 i . i  
43.5 
23.9 

75.0 
81.8 
8 0 . i  
i 8 . 2  
80.2 
86.9 
46.7 
3i .2  
61.8 

185 
342.0 
104 
183.0 
l iO.0 
1 8 i  

4.0 
9.6 
0.4 
0.3 
3.5 
4.0 
2.3 
2.0 
2 . i  
2.6 

136.0 
3.1 

105.0 
118.0 
140.0 
149.0 
152 

1.9 

- .  
12.5 2.5 156 90 0.07 ND ND 
1 8 . i  3.6 182 89 0.Oi ND ND 
14.0 5.4 150 94 0.38 ND 0.06 
12.0 7 . 2  183 85 0.36 0.9 0.08 
12.0 200 89 0.5 0. i6  0.08 
11.3 209 89 0.3 0.21 0.07 
13.3 3.6 156 96 0.31 ND 0.06 
Thermal water belongs to MSW group 

29.9 461 143 2.70 0.3 0.67 
2 i .9  22.8 394 156 2.iO ND 0.66 
30.4 10.8 33i 137 1.50 ND 0.46 
29.7 4.8 358 152 1.52 ND 0.48 
29.3 10.8 3 8 i  150 2.20 0.2 0.59 
28.7 15.6 376 143 2.40 ND 0.60 
26.0 13.8 265 128 0.92 0.3 0.32 
22.2 6.0 256 128 0.68 1.3 0.32 
25.4 447 132 2.1 ND 0.53 

l i . 8  2.4 254 128 4.3 0.06 0.4 
19.9 244 133 6.5 0.12 
1 0 . i  162 96 1.6 0.1 0.11 
16.4 12.0 220 133 4.20 1.6 0.40 

9.5 12.0 232 118 3.90 0.5 0.41 
l i . 1  4.8 265 136 3.9 ND 0.4i  

49.8 1.2 136 102 0 . O i  ND ND 
20.6 122 92 0.22 ND 0.05 
95.4 6.1 158 81 0.03 ND 0.06 
98.3 3.6 153 76 0.02 ND 0.04 
33.4 133 64 0.02 ND ND 
40.6 1.8 132 64 0.01 ND ND 

138 1.2 168 121 0.06 3.5 0.04 
48.4 101 S i  0.04 ND ND 

2.6 3.0 135 102 0.04 ND ND 
126.0 85  219 0.48 ND 0.04 
Water formed with mixing of HSW-MSW 

21.4 301 146 3.60 ND 0.56 
22.1 52 64 0.03 ND ND 
21 . i  371 133 2.80 0.3 0.59 
22.0 15.0 331 146 3.60 0.2 0.59 
12 . i  4.2 139 101 2.30 0.3 0.08 
20.9 24.0 248 144 3.90 0.4 0.56 
20.5 2 9 i  139 3.T 0.14 0.49 
2 i . 5  76 54 ND ND ND 

Thermal water belongs HSW group 

Sulphate water (SUL) 

0.12 8.54 
8.58 

0.13 8.54 
0 . l i  8.57 

8.16 
5.26 

0.13 8.50 

0.12 8.26 
0.13 8.74 
0.27 8.64 
0.23 8.54 
0.18 8.69 
0.13 8.69 
0.18 8.64 
0.18 8.37 

7.88 

8.34 
8.00 
7.83 

0.25 8.64 
0.20 8.62 

8.43 

8.46 
0.12 7.95 
0 . O i  8.56 
0.12 8.49 
0.20 6.98 
0 . l i  8.42 

8.49 
0.25 8.09 
0.12 8.48 
0.20 7.48 

0.13 8.14 
8.03 
8.28 

0.13 8 . i 0  
0.32 8.48 
0.15 8.66 

7.62 
8.22 

318 
460 
380 
420 
400 
390 
370 

968 
940 
810 
824 
919 
940 
640 
588 
880 

940 
1400 
597 
960 
962 

1000 

3 8 i  
295 
460 
454 
300 
310 
522 
309 
250 
455 

940 
250 
940 
959 
i o 0  
462 
860 
235 

30.3 3.9 -7.89 -57.3 
28.2 5.4 -7.32 -53.4 
31.5 2.9 -5.43 -56.5 
30.4 1.6 -7.48 -52.7 
30.0 1.7 -7.62 -57.3 
29.4 -3.1 -7.54 -54.0 

1.8 -7.50 -55.7 30 

62.3 0.7 -7.21 -50.6 
57.6 -1.1 -7.39 -51.7 
50.6 -2.0 -7.24 -50.6 
50.6 -1.2 -7.26 -52.4 
57.6 -1.1 -7.29 -50.1 
59.3 -0.4 - i .28 -52.2 
40.3 0.5 -5.22 -52.5 
38.4 1.6 -6.91 -51.7 
44.2 2.2  -7.07 -51.3 

42.4 0.3 -7.41 -52.8 
35 -7.04 -51.4 
29.3 1.0 -7.47 -53.3 
34.3 0.6 -7.26 -53.0 
36.3 2.8 -6.39 -51.3 
44.4 -3.7 -7.21 -54.5 

40.0 9.0 -7.42 -51.4 
28.3 5.9 -7.07 -51.3 

3.3 -7.91 -55.6 
33.3 1.8 - i .94 -55.3 
24.4 9.4 -7.14 -50.6 

0.6 -7.27 -52.5 28 
38.6 -1.7 -7.71 -49.4 
2 i . 5  2.8 -5.97 -47.3 
24.9 4.3 -7.06 -48.9 

4.1 -6.43 -49.0 8 1  

45.6 1.6 -7.10 
19 . i  -7.69 

51.3 -0.4 -5.30 
59.6 -2.5 -6.99 
28.8 0.4 -7.08 
41.3 0.5 -6.99 
41.7 1.4 -6.99 
21.7 1.1 -i.T4 

-50.1 
-52.7 
-51.5 
-53.2 
-54.2 
-55.8 
-52.5 
-54.6 



group with various geothermometers are quite 
consistence. The geothermometers CCG and 
Na-K-Ca with Mg correction show very low tem- 
perature except samples 717 and 730. It may be 
concluded that the samples 717 and 730 have lit- 
tle effect in alteration of chemical composition 
due to  mixing of cold waters. Thus the samples 
(717 and 730) provide information about deep 
temperature as in the range 220-230°C. 

ISOTOPE HYDROLOGY OF CHIPILAPA- 
AHUACHAPAN GEOTHERMAL SYSTEM 

The isotope compositions (Sl'O and SD) of the 
springs and the domestic wells, together with 
the condensed waters from fumaroles (Stewart, 
1989) and the total discharge composition of five 
productive wells (AH-6, AH-19, AH-22, AH-24, 
and AH-31) of Ahuachapan geothermal system 
(Nieva et al, 1990) are shown in Figure 2. 

Stewart (1990) has reported the isotopic com- 
positions of rainfall at different altitude in the 
region, which were collected and analyzed by 
Nuti et a1 (1986). These samples fall close to  the 
global meteoric water line (6 = 8 6I8O + 10) with 
a mean deuterium excess of 10.3°/00. He argued 
that these samples should not be used to  de- 
termine the mean isotopic composition of local 
meteoric water as the average isotopic compo- 
sition of these rainfalls because they only cover 
three months of one year. The weighted mean 
isotopic composition (SD = -47.0, & 1 8 0  = -7.0) 
of six years rainfall at San Salvador, which is 
about 120 km from the studied area and has a 
very similar geographic setting, is a good alter- 
native to  consider the average meteoric 'water 
composition and the local meteoric line as pass- 
ing through this point with a gradient of 8. The 
meteoric line and this point are also shown in 
the Figure 2. 

MIXING MODELS 

The geothermal fluids are, in general, formed 
by an interaction of hot rocks and local mete- 
oric water which infiltrates through faults and 
fractures in the field. During their ascent to  
superficies, these fluids cool to  a temperature 
equal or less than the local boiling point by the 
three important processes: (i) Adiabatic cooling: 
steam separation due to adiabatic expansion of 
the fluid with decreasing pressure, (ii) Mixing: 
dilution and mixing with waters derived from 
shallow sources, and (iii) Conductive cooling: heat 
loss in heating country rocks. Normally, the 
three processes take place in formation of man- 
ifestations. However, it is possible to  under- 
stand mechanism occurred during ascent of the 

-30 

-4c 

6D 

-5c  

-6C 

Fig. 2:  
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Fig. 3: 

A 

8 
0 0  

Manifestotion water 

n Fumorol 

0 Ahuochapan reservoir f luid 

-10 -8  -6 -4 -2 0 

6 l 8 0  

The isotopic relation ( S " 0  vrs. &D) of Chip- 
ilapa geothermal field. 

Solubility curve 

0 Meteoric water 
e M S W  

A H S W  

Enthalpy ( J / g r  1 

A mixing model diagram of Enthalpy vrs. 
SiOz. It demonstrates the formation of the 
HSW and MSW groups with mixing of mete- 
oric water and separated deep reservoir fluid 
at 13O-l4O0C, and 170-180", respectively. 
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deep fluids through mass and energy balance 
equations, if the first two processes have major 
contribution. 

The formation of the two groups manifestations, 
HSW, and MGW is demonstrated through an 
quartz solubility vrs. enthalpy diagram (Figure 
3). The solubility curve of quartz is a locus 
of all the  points of quartz concentration which 
are in equilibrium at corresponding enthalpy or 
temperature (Fournier and Potter, 1982). The 
reservoir temperature between 220-230°C sug- 
gests the equilibrium concentration of SiOz in 
reservoir fluid in between 340-360 ppm. The ex- 
trapolated least square fitted lines in the points 
corresponding the two groups are also shown in 
the Figure 3. According to  this mixing model 
the reservoir fluid flushes in two phases (vapor 
and liquid) and then the flushed liquid mixes 
with the local water in formation of natural man- 
ifestations. The model indicates that the group 
HSW formed by flushing at  13O-14O0C, whereas 
MSW formed by flushing at 170-180°C. 

The evidences obtained during drilling of wells 
CH-7 and CH-8 at  Chipilapa geothermal field 
also support the reservoir temperature around 
220°C. The chloride concentration of reservoir 
fluid, calculated according to  this model from 
HSW, should be in between 2200-2450 ppm, 
whereas MSW indicates only 380-400 ppm (Nieva 
et al, 1990a). This anomaly arises on account of 
differences in formation mechanism of these two 
groups of water and it is used in nomenclature 
of these groups. 

The isotopic mixing model provides an impor- 
tant clue to  understand the mechanism of natu- 
ral manifestation formation. The isotopic com- 
position of condensed waters from fumaroles in 
the Ahuachapan-Chipilapa field has been ex- 
plained with a hypothesis of mechanism of for- 
mation of primary and secondary vapor in the 
hydrothermal system (Stewart, 1990). The pri- 
mary steam originates from the separation of 
geothermal fluids. This steam may be absorbed 
in superficial aquifer and may cause its boil- 
ing. The steam produced through the boiling 
this superficial aquifer is named as secondary 
steam (Giggenbach and Stewart, 1982). Stew- 
art (1990) postulated existence of underground 
water of 80°C with isotopic composition (SD = 
-48, 6"0  = -7.25) to  explain the phenomenon 
in formation of manifestations in Ahuachapan- 
Chipilapa geothermal field. 

Nieva et a1 (1992) explain the evolution of iso- 
topic composition of fumaroles and the waters 
of groups, HSW and MSW through the mixing 
mechanism of local meteoric water and compo- 

nents of geothermal fluid according to  model 
proposed by Giggenbach and Stewart (1982). 
The isotopic composition of deep geothermal 
water (6'0 = -4 and SD = -45) is chosen same 
as reported by Stewart (1990) and the local me- 
teoric water is considered as a cold, low saline 
spring with isotopic composition (6l'O = -7.5 
and SD = -54). The data  points corresponding 
to  the fumaroles, lie in bet,ween the curves re- 
lated to  isotopic composition of primary steams 
from undiluted deep water and secondary steam 
from primary undiluted steam. 

HYDROGEOTHERMAL MODEL OF 
CHIPILAPA FIELD 

Figure 4 shows a schematic diagram of the Chip- 
ilapa's hydrogeothermal model which is an out- 
come of the above evidences. The local me- 
teoric water infiltrates deeply in formation of 
deep reservoir fluid (DRF) which is reservoir at 
Ahuachapan geothermal system at 260°C. This 
DRF separates a t  220-230°C in formation fu- 
maroles in the high mountain range and reser- 
voir fluid at  Chipilapa geothermal system. A 
mixture of DRF and primary and secondary 
condensed vapor (PCV and SCV) are diluted 
with meteoric water (MW) in formation of the 
two HSW and MSW. The rnanifestations of the 
group are located a t  low elevation part in the 
north of the field . The springs associated with 
sulfated water are found generally near to  these 
mountains. The sulfated water formed by heat- 
ing of meteoric water with the separated steam. 
This explains existence a heat source under the 
mountainous part of the field which is located in 
the south of the Chipilapa-Ahuachapan geother- 
mal reservoir. The fluid is flowing laterally from 
the high elevation to  low elevation in the north 
of the system. 

CONCLUSIONS 

The geothermal model of Chipilapa is a lateral 
flow model. The local meteoric water infiltrates 
deeply through faults and fracture in the up- 
per part of mountain range and gets heated up 
t o  260°C. The reservoir fluid at Ahuachapan 
geothermal system are in rock-water interac- 
tion equilibrium at 260°C. As chemical geother- 
mometers indicates 250-270°C reservoir tem- 
perature and all the data points correspond- 
ing to  geothermal wells fall near to  the equi- 
librium curve at  the point of 270°C. The chemi- 
cal geothermometers indicate the reservoir tem- 
perature of 220-230°C at  Chipilapa geothermal 
field. The most of the manifestations (springs 
and domestic wells) in the lower portion of the 
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Fig. 4: Sketch diagram of hydrothermal model of Ahuachapan-Chipilapa geothermal system. 

field are grouped in two classes, high salinity wa- 
ter (HSW) and medium salinity water (MSW), 
according to their formation mechanism. The 
chemical and isotopic studies of the fluid ob- 
tained through the drilled wells at Chipilapa 
geothermal field will contribute significantly in 
improvement of the presently preliminary model 

Nieva, D. and Nieva, R. (1987) ‘Developments 
in geothermal energy in Mexico. XII. A cationic 
composition geothermometer for prospection of 
geothermal resources’, Heat Recovery Systems & 
CPH, Vol. 7, pp. 243-258. 

Nieva, D., Verma, M.P. aiid Portugal, E. (1990) 
‘ Informe de  revisi6n de evidencia previa para el of the system. 
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