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Introduction The &uachapan geothermal 
mer plant has been the subject of several 
recent reports and papers (1-7). This ar- 
ticle is a condensation of the author's ear- 
lier writings (5-7), and incorprates new in- 
formation on the geothermal activities in El 
Salvador obtained recently through a telephone 
conversation with Ing. R. Caceres of the Co- 
mision Ejecutiva Hidroelectrica del Rio -pa 
(C.E.L.) who has been engaged in the design 
and engineering of the newest unit at Ahua- 
chapan. 

El Salvador is the first of the Central Amer- 
ican countries to construct and operate a 
geothermal electric generating station. Ex- 
ploration began in the mid-1960's at the geo- 
thermal field near Ahuachapan in western El 
Salvador. The first p e r  unit, a separated- 
steam or so-called "single-flash'' plant, was 
started up in June 1975, and was followed a 
year later by an identical unit. 
the Canision Ejecutiva Hidroelectrica del Rio 
Lanpa (C.E.L.) will complete the installation 
of a third unit, a dual-pressure (or "double- 
flash") unit rated at 35 MW. The full Ahua- 
chapan plant will then constitute about 20% 
of the total installed electric generating 
capacity of the country. During 1977, the 
first twa units generated nearly one-third of 
all the electricity produced in El Salvador. 

C.E.L. is actively pursuing several other 
promising sites for additional geothermal 
plants. 
tuallygeathennal energy will contribute about 
450 MW of electric generating capacity. 
any event it appears that by 1985 El Salvador 
should be able to meet its domestic needs for 
electricity by means of its indigenous geo- 
thml and hydroelectric F r  plants, thus 
eliminating any dependence on imported pe- 
troleum for power generation. 

Reservoir characteristics The Ahuachapan 
geothermal field is located in westerrumst 
El Salvador about 18 Ian (11 m i )  east of the 
F5o Paz which forms the international bound- 
ary with Guatemala. 
derately sloping terrain on the northern 
side of a string of volcanic muntains. 
in the 3000 ha (7400 acre) geothermal region, 
there are a number of areas of active sur- 

In July 1980, 

There is the possibility that even- 

In 

The area consists of 

With- 

face them1 miifestations including f-- 
roles, hot springs, steaming ground, and boil- 
ing mud pmls. 
consist of the following layers of rocks (top 
to bottom): 
andesites, agglmrated tuffs and pyrcclastics, 
andesites, young agglomerates, Ahuachap 
andesites, and old agglmates (basement 
rock). The Ahuachapan andesites serve as the 
aquifer, the permeability of which is created 
through fractures in an otherwise hard forma- 
tion. 
cap rock for the reservoir. 
of the geofluid in the reservoir is about 
230W (445oF). The aquifer is believed to be 
recharged from a volcanic lake to the south 
of the field. 

The reservoir is believed to 

brawn tuffs and pyroclastics, 

The young agglamerates constitute the 
The temprature 

Drilling programs About 30 wells have been 
drilled in the field. 
wells is not less than about 150 m (490 ft) , 
with an average density of one well per 23 ha 
(55 acres). 
of the field there is one well per 11 ha (27 
acres). Figure 1 s h m  the drilling program 
for well AH-26. The well was completed in 49 
days to a depth of 804 m (2644 ft); the aver- 
age penetration rate was about 2 m/h (6 ft/h). 
Drilling mud was used for the first 400 m 
(1310 ft) and water was used while drilling 
through the aquifer. 

A typical production well has the followkg 
configuration: 17-1/2 in dia. bole with a 
13-3/8 in casing cemented to a depth of about 
100 m (328 ft); 12-1/4 in hole with 9-5/8 in 
casing to 400 m (1310 ft) or to the top of 
the reservoir; 8-1/2 in hole through the 
production zone. In .sane cases, a 7-5/8 in 
slotted liner is hung frm the 9-5/8 in cas- 
ing, although the formation is sufficiently 
hard to prevent cave-in for m y  wells. Re- 
injection wells are conrpleted in a similar 
way except that they are drilled deeper, into 
the basanent rock, and fitted with a 7-5/8 in 
casing down to the top of the basement to 
prevent the reinjected fluid frcnn entering 
the aquifer. 

Steam gathering system The main production 
area of the field is shown schmtically in 
Figure 2. 
er house consists of surface t h e  m i -  

The spacing between 

However in the central portion 

The area to the south of the pow- 
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Fig. 1 Drillinq Frogram for well AH-26 (6). 

festations. The solid lines indicate the 
general paths of the main steam lines from 
each well to the receivers for Units 1 and 2 
at the plant; the actual pipelines contain 
numerous expansion bends which have been 
dtted in the figure for clarity. 
dashed lines indicate reinjection lines. 
Steam lines are made of ASP4 A-53 Grade B 
seamless carbon steel pipe and are insula-. 
ted,with blocks of calcium silicate. The 
insulation is wired onto the pipes, covered 
with compsite kraft paper/aluminum sheet, 
and enclosed within a jacket of galvanized 
steel. Reinjection pipes are uninsulated. 
For the operation of Units 1 and 2, of the 
nearly 600 kg/s (9300 gal/min) of liquid 

The 

Fig. 2 Plant and well arranqment (7). 

which is separated at the wellheads, about 
370 kg/s (5720 gal/&) is reinjected into 
the basment rock. 
uid is disposed of by means of surface dis- 
charge and evaporation, with the effluent 
from several wells being collected and con- 
veyed through a covered concrete channel to 
the Pacific Ocean, a distance of roughly 75 hn 
(47 m i ) .  

The reminder of the liq- 

The total m u n t  of dissolved solids in the 
liquid at the wells averages about 18,400 ppn 
or 1.84%. The main constituents are: chloride 
(10,430 ppn), sodium (5690 ppn), potassium 
(950 ppn), silica (537 ppn), calcium (443 ppn) 
and boron (151 ppn) . A large number of other 
elements are present in concentrations less 
than 100 ppn. 
roughly to 0.05% by weight of the total well 
flow, or about 0.2% of the steam flow. These 
gases consistminly of carbn dioxide (86.8% 
by volume) and hydrogen sulfide (12.1% by 
volume), with small  munts of hydrogen, ni- 
trcqen, amnonia and methane. 

~ n e r g y  conversion systems The p e r  units 
mprise: (1) an auxiliary turb-generator 
used for start-up; (2) two single-flash 30-MW 
sets ; and ( 3 ) one dual-pressure , "double- 
flash" 35-MW set. 

Noncondensable gases m u n t  

A 1.1 MW, noncondensing geotherrral steam unit 
is used €or station start-up from cold con- 
ditions. The unit is completely self-con- 
tained, requiring neither an external power 
source nor coolinq water. Power is generated 
from a single Curtis stage fed with separated 
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steam; the lubricating oil is air-rooled. 
All mechanical, electrical, and control ele- 
ments are munted on a single platform. The 
technical particulars may be found in Table 1. 

The two single-flash main p e r  units are 
essentially identical. A simplified flow 
diagram is shown in Fig. 3. Each unit qloys 
a 5-stage, double-flow turbine with impulse- 
reaction blading, munted in a single housing, 
and develops 30 MW. 
to a low-level, direct-contact condenser 
equipped with a slanted barmtric pipe. This 
arrangement assures a negligible pressure 
IGSS between the condenser and the turbine 
exhaust hood, as well as ease of accessibility 
to condenser auxiliary equipnent. 
condensable gases are drawn from the gas 
cooler section of the condenser, through a 
2-stage, steam ejector with inter- and aft- 
coolers, and discharged to the amsphere 
via stacks atop the p e r  house. 
of extraction systems are installed on each 
unit for redundancy. 
sulfide abatement system. The technical 
specifications m y  be found in Table 1. The 
overall resource utilization efficiency 
(Second Law) for Units 1 and 2 is about 37%. 
These two units require about 44 kg (97 Itsn) 
of geofluid at the wellhead for each kW-h of 
electricity generated; the steam rate is 7.6 
kg/kW-h (16.8 Um/kW-h). Five wells supply 
each unit. 

Each turbine exhausts 

The non- 

W sets 

There is no hydrqen 

steam 
separator Yellheat si lencer 

Moisture separator 

The new dual-pressure unit is rated at 35-Mw 
and is supplied with steam from three addi- 
tional wells (mediumpressure, M p  steam) plus 
steam flashed from the waste liquid from the 
wellhead cyclone separators (low-pressure, 
LP steam). A highly simplified flow diagram 
is shawn in Fig. 4. The broken lines repre- 
sent hot water from eight wellhead separators. 
The liquid is flashed in two horizontal flash 
tanks, producing LP steam (solid lines) which 
is added to the turbine at the pass-in sec- 
tion. The M P  steam (heavy lines) is scrubbed 
before entering the first stage of the tur- 
bine. Provision is made to flash a portion 
of the M P  steam down to the LP section if 
necessary. Auxiliary steam (thin lines) is 
used for turbine gland seals, steam ejectors 
for gland steam, and noncondensable gas re- 
mval. 
double-flow type in a single housing, with 
the M P  section consisting of 3 stages of 
essentially impulse blading followed by the 
LP section of 4 impulse-reaction stages. 
Table 1 lists the technical specifications 
for this unit. The geothenml resource uti- 
lization efficiency for the third unit will 
be about 42%, ksed on design specifications. 
Since all three units will be interrelated, , 
the overall plant utilization efficiency, 
for the three units, will be approximately 
43%, assuming that the 13 wells which will 
supply the full plant have the same average 
conditions of tmprature, pressure, and flow 

The turbine is of the dual-admission, 

I 
I 

! 
I 
I 

riot weli I 

Fig. 3 Flaw diagram for Units 1 and 2 ( 6 ) .  
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HOT WATER FROM COLLECTING TANKS rate as the 10 wells now serving units No. 1 
and 2. 

Waste liquid handling T h o  mthcds are used 
for the dispsal of waste liquid from the 
plant. One methcd. is reinjection and the 
other is discharge to the surface, as men- 
tioned earlier. 

The temperature of the reinjected liquid 
from Units 1 and 2 is not less than 15OoC 
( 3 0 2 9 )  , thus avoiding any problesns with 
silica depsition that might otherwise occur 
at lower tmpratures. 
kilograms (3.5 billion gallons) have been 
returned to the formation since reinjection 
was begun in 1975. Reinjection is carried 
out at the pressure of the separators, about 
550 kpa (80 lbf / in2) ,  thus eliminating the 
need for booster pqs. 

STEAM HEADER 

Over 13 billion 

i *----J 

Fig. 4 Flaw diagram for Unit 3. 

Table 1. Technical Specifications for Energy Conversion Systems 

Year of start-up 

Turbine data: 
w 

Rated capacity, MW 
r&ixirmrm capacity, f.Iw 
speed, rpn 
Main steam pressure, kpa 
Secondary steam pressure, kPa 
~ a i n  steam temperature, OC 

Secondary steam tanperature, C 
Exhaust pressure, H a  
Main steam flow rate, Mg/h 
Secondary steam flow rate, Mq/h 
Last-stage blade height, mn 

condenser data: 
Type 

cooling water tmprature, Oc 
Outlet water twa;ure, OC 
cooling water flaw rate, G g / h  

Gas extractor data: 
Type 

Suction pressure 
Gas capcity 
steam conscrmptian 

T Y P  

ikmner of cells 
&sign wet-bulb temp. 
Fan lrotor p € T  

Cooling mer data: 

Unit No. 1 and 2 
1975, 1976 

Single-cylinder, 
double-flow, 
impulse, 5 x 2 

30, each 
35, each 

3600 
558.9 
(none) 
156.1 
(none) 

8.33 
230, each 
(none) 
520 

Unit No. 3 
1980 

Single-cylinder , 
double-flaw, 
dual-admission, 
impulse-reaction , 
(31 41 x 2 

35 
40 

3600 
548.1 
150.0 
155.3 
111.4 

1 7 1  
145 
565 

8.33 

bw-level, direct-contact type with 
slanted barometric pipe 

27.0 27.0 
40.3 40.3 
8.65 12.26 

-stage, steam jet ejector with inter- 
and after-condenser 

7.84 kPa (n.a.1 
11,700 rn3/h1 each (n.a.) 

4.1 .%/n, each (n. a. 1 

Cross-flow, mdianical induced-draft with 
vertical axial fans 

5, ea01 5 
2 2oc 22 oc 

80 kN/fm 80 kN/fan 

Auxiliary Unit 
1975 

Single-cylinder , 
one Curtis stage, 
non-condensing, 
geared 

1.1 
1.3 

7129/1800 
552.9 
(none ) 
156.0 
(none ) 
96.2 
2 1  
(none ) 
(n.a.) 

(none) 
- 
- 
- 

(none) 

- 
- - 

(none) 

- 
- 
- 

n 
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A portion of the liquid intended for the dis- 
charge channel passes first through one of 
tm labyrinth retention tanks which provide 
50-60 rnhutes of hold-up. It has been dem- 
onstrated that the settling tank is an ef- 
fective mans of converting monomer silica 
into polymer silica. This effect stabilizes 
the silica in solution and eliminates silica 
deposition in the surface channel. Periodic 
&intenance of the hold-up tanks is required 
to r m v e  scale from the walls, but this is 
a relatively easy task. Surface discharge 
is a tanprary practice; eventually all waste 
liquid will be reinjected. 

Hydrogen sulfide emissions Hydrogen sulfide 
is emitted at the stack along with the other 
noncondensable gases. Roughly 95 kg/h (209 
Ihn/h) or 1580 g/MW-h (3.5 lby'Mb7-h) is dis- 
charged from the first tm units. There are 
no emissions controls installed on the plant. 
The concentration of hydrogen sulfide is 1-4 
ppn at the boundary of the plant site. 

operating experience The operation of the 
Ahuachapan plant has ken highly successful; 
the plant forms a vital link in the electri- 
city supply system of El Salvador. 
gives the total generation, capacity factor, 
and percentage of total electricity in El 
Salvador contributed by the first tm units 
of the Ahuachapan plant. The geothermal 
plant has been essentially free of major 
breakdams. In 1977 the availability factor 
was 95% based on forced outages. 
tor is reduced to 84% when scheduled outages 
for maintenance are included. 
overhaul of each p e r  unit is carried out 
once every tm years. 
abut one month. Wellhead equipxmt is 
thoroughly inspected and cleaned at least 
once each year. One month is required to 
service all the wells. There has been no 
plugging of production or reinjection wells. 
It has been denonstrated that the reservoir 
pressure can be controlled and mintained 
through proper reinjection of waste liquid. 
Reinjection wells have been sited along the 
periphery of the field and downstream of the 
assumed recharge flaw in the aquifer. The 
lack of subsidence may also be related to 
reinjection, although the field should not 
be subject to significant subsidence because 
of the hardness of the andesitic formation. 

Table 2 

This fac- 

A ccarplete 

Each inspection takes 

Table 2. Generating expe rience at Ahuachaw 

Electrical Capacity Pct. of total 
generation factor generation 

bW* h % % 

1975 72,331 47 11.8 
1976 279,800 67 25.4 
1977 400,051 76 32.3 

Future developents The Ahuachapan power 
plant has reached its full capacity. Wre- 
over, the experience at Ahuachapan has shown 
that a liquid-dcaninated resource of derate 
salinity (18,400 ppn) and relatively high 
tepnperature (23OoC, 445%) can provide elec- 
tricity in an economical and reliable m e r .  
Encouraged by their success at Ahuachapan, 
the engineers and scientists of C.E.L. are 
intensively investigating several other p r m  
ising geothermal areas in El Salvador. These 
include Berlin (100 MW, est.) , Chinarea 
(100 m, est.), San Vicente (100 MW, est,) 
and Chipilapa (50 MW, est.). The Berlin area 
is particularly exciting. The reservoir 
temperature is about 3OO0C (5729) and al- 
ready three wells have been successfully 
completed. The plan is to build a 50-lulw 
flash-steam plant at the site by 1985. 
unit will likely be of the "double-flash'' 
type. 

The 

It' is clear that El Salvador is intent on 
maintaining its leadership role m n g  the 
Central mrican countries in the exploita- 
tion of its indigenous geothenml energy re- 
sources. 
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