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Abstract. and condensing units have been
strategically positioned in the expansion
plan El Salvador to make it efficient bath
technically and economically. Four 5 Mu each
backpressure units were acquired, each with
different technical features to the tield
conditions for which they were A
locally designed arrangement 2x5 Mu units was

at Berlin, two producers single
which feeds in the

turbines located in the lower elevation The
units have satisfactorily 3 years, showing

efficiency over the operating of steam flows
and helping to discover problems related

to corrosion, damage in the wells, effects
and silica depositions.

production of @otherma-electricity with respect
total 14% in average for the last

two ycars, but has well above such value since
1975, and than 25% for half of that period. A
mall of this generation has wellhead
units remarkable benefits which encourage

utilization.

exploration of the ES geothermal resources in
the mid 60's thanks to the of the United

Some areas were found attractive.

included a first deep exploratory well) Ahuachapan
Chipilapa

and de in the
of ES. shows these zones

other hydrothermal sites in the c o u n t r y ,
differentiating those that have evolved to projects; in
conjunction with the hydroelectric and thernal
facilities the national electricity

national potential, in respect to the resource that
could f o r the production of electricity, has been

evaluated at 4W to
areas located the young volcanic chain that

runs near the pacific coast.

By starting the works in 1970, the first condensing
unit, a separated steam or so-called "single flash"
plant, was in June 1975; fallowed one year
later by an unit. It should that the
construction the 2nd. unit (1973-July
only half the of the first one due to the

originated in price crisis of
1973. march 1901 a 3rd. unit 35 "double flash"
was lacking the additional wells
originally planned for the due different
constraints that made the drilling activity halt since

The lack of extensive drilling caused the
problems of a centralized of the reservoir
conditions, affecting the functioning the wells,
which lead CEL to impose a limitation an the
extraction from the field. This reduced the
generation by abut 200 which became
sensible 1987 when, induced by a dry year crisis,
the Generation began to retake a significant
annual thermal contribution.
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1976 to with a great deal of its
resources, CEL also pursued the exploration of
Chipilapa to the east of Ahuachapan and of eastern-
central of San Vicente, Berlin and The

profitable was that Berlin (see
where a 3 0 C liquid dominated reservoir was

discovered, with 4 of the 5 deep exploratory wells
producers for a total capacity of about 28

Production testing of the wells was
finalized only by 1987 because of the field work
limitations imposed by the already existing civil war.
A first evaluation of the feasibility of installing a
condensing power station was also available by 1982,
but the cited limitations prevented the
of a 1x55 chi unit by which rnuld have
delivered another 4CC the System.

In spite of the war, by 1985 a new effort was
undertaken by with the support of bilateral

from friendly governments like Italy,
and France, which were oriented to the

exploration the central western zone of the country
and to the acquisition of small
wellhead units to electricity from the
available stem. This has been possible at Berlin
giving an opportune reinforcement with local resources

the under the above cited crisis.

Frm 1990 onwards, the peace and
financial institutions, a renovated impulse has been
undertaken to develop projects such the 1st.
condensin,; development at
(modular the stabilization
(additional and reinjection), and the final

San Vicente (see location in

OF

The system E l Salvador is of
hydroelectric (47.5%) and thermal
powers a total installed
capacity 817.5 Mu in 1994. That of geotheml
105 composed of 95 Mu at Ahuachapan and
10 Mu backpressure at Berlin.

Another 5 Mu backpressure are expected be
by the end of this year.

Only of the actual capacity can be operated due
to limitations in the three types of plants, the
deficits from hydro and very at
around 6% of the total.

shows the recent evolution of supply (installed 
capacity) and in tern of power. In the
last years, this reached an equivalent of
470 Mu, which in of a total capacity of 817

to indicate no problems to satisfy the of
next years. However, it is the lack that

has been found to be a critical situation, making any
contribution of

Table 1 shows the historical contribution of electrical
since 1975 from the three sources the

country. it be noted that a Geothermal
participation of than 14% extended along the whole
19 years period of operation, or a value greater than
25% for half of that period. After a period of
reduced of around 4%, the (fossil
fired) generation increased by 1987, a year in
which 1 0 Berlin and Ahuachapan could
virtually be added the system.

The price of in El Salvador increases as thermal
participation increases, because of the cost impact of

fuels. This that the importance of
geotheml is not only to exploit the local
resources to reduce dependency but also
to reduce the cost of base energy.
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The magnitude of the contribution from backpressure
units since 1992, has produced benefits in
energy and as shown in table 2, in the
theoretical cases of 1, 2 and 3 units operating at
rated capacity has also been calculated to observe the
benefits under conditions. An
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Table 1. Gross Generation by Sources

of 20 from one of the wellhead units,
equivalent t o 5.5% the total
in would yield income of :he order 1
million and contribute to recovery of

in exploration. The lower of the table
the situation for one three

units a t some 0.9 plant factor, in
case revenues would range from 2 to 6 million

US$, contributions of than 10% the
total.
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is by now atand-by as the production wells drilled
in Chipilapa did not meet the technical

of the facility at Berlin.
application wellhead units at was
with features. The layout takes into
consideration the m difference in elevation between

wells far a separation distance of about 500
m, favoring a phase transport pipeline. The
specific analysis was also in accordance with the fact
that the production capacity of the well at higher
elevation is than 5 even when considering a
high Steam while that of the other is

below such capacity. location both
units at the lower elevation producer, was then 
convenient to join bath mixtures in a separator

which a flexible and use of the
Steam can be made, thus a 10 operation (see
scheme and general flow diagram in figs 4 and

Technical Characteristics of For the
field, a 6 to 10 of inlet pressures

was specified to give attention to the high ranee of
wellhead pressures. A five stages turbine finally
adapted by the manufacturer to achieve steam

in the range of 12.6 to 14
to an backpressure of 0.94-0.95

bar.

Only for the purpose of identification we name this
turbine as type 1. On the other a stages
turbine with a single inlet pressure of 5.5 bar was
selected for other applications, on a
conservative for the new areas. This here
differentiated as type 2 group. Table
3, summarizes all major technical data and
characteristics of these ypes of backpressure

together with those of the condensing
units of

Operating The most critical factor
delaying the planned of the project, the
construction of the hot reinjection well. In spite of

efforts, there were many outside constraints.
with a to the drillin rig, then a

shallow of stem at depth of 144m lead to
abandon the site each of events implying
relevant administrative complications, for a total
delay of about 3 years. To have project in

1992
1993
1994

IN

general philosophy to decide an the acquisition of
backpressure units was procure a rapid utilization
of the available steam from existing producers,

low cost electricity and obtaining
for the years that the successfully exploratory
wells have to wait for a condensing power plant. In
fact, Berlin is an example case of a very wait of
1 5 years to present. Two real situations were
considered: that at Berlin, in which at least
could be installed on producers a very
favorable economic even though 
drilling for reinjection; that of new areas under
deep exploratory drilling, like Chipilapa, for which an
straight forward process can not be assured because the
wells are still to drilled, but existing other areas
with similar drilling like Coatepeque or
Vicente, that could also be a possibility to
such installations.

of Units. A m a x i m of 3 units of 5 each
for every possible area was established,
also that 3 5 Mu wellhead units utilize or less
the stem a 1x20 1x25 plant,
and on the other hand, below 20-25 the economics of
condensing becomes poor. The individual size of 5 Mu
comes from the local experience normal
productivity. 2x5 wellhead units were
the first requested for Berlin (valid for the
eastern zone of the country) and the same for
Chipilapa (for the western zone).

of in the expansion plan.
As can be seen i n fig. 3, the use of wellhead units has
always been conceived for early exploitation of each
area under exploration thus, the pair
of units at Berlin could be

San Vicente once this area reaches the drilling
which in turn is expected to happen in

correspondence with the arrival a condensing
solution for Berlin. of course, does not that
those wellhead units could not remain at Berlin if
convenient a t a given ment. Similarly, the two units
requested for Chipilapa, could be moved to
or , in principle, to any of the other areas. By now,
the real situation is not different than originally
thougth, and a 3rd unit (one of those acquired for the
western zone) has been moved to Berlin, be

by the end of this year. fourth unit
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Development of the
geothermal

Fig. 3. Wellhead in the Generating Expansion Plan.

operation, a temporary of hot reinjection the
second producer m9 was implemented; enabled by the
versatility of the original layout, although this
resulted in of the well.

The generation of electricity in February 1992,
using both units in a way and the
waste water with hot reinjection in TR9 and cold
reinjection in the old producer It was only
until 1994, when a reinjection well was

and tested, that a 5 operation
was initiated in a normal way; the units to
prevent other possible problems due inactivity after
the field test. to recover the temperature and
productivity conditions of the well TR9, were
restricted by the lack of waste disposal means. By mid
1994 a second well was drilled north of the field
and resulted in permeability, therefore increasing
the reinjection capacity. Berlin i s intended t o be in
any case a totally reinjected field indicated the
scheme of fig.6.

After a few of operation, it was found that the
producer sending ferrous and materials
probably from the inside of the well, caused by
corrosion phenomena or damage. This finding has been

the benefits of the wellhead
units operation, because it would otherwise have
remained hidden an probably increased the damage during
the many years of shut-in conditions of the well before 
a condensing utilization.

Similarly, the cold reinjection in resulted in a
reduction of the absorption capacity of the well due to
silica deposition, was almost re-established by

the well (after recovery and
the other hand, attempts to recover the

conditions of as producer may include steam or

from or another method, a
action start of electricity

capacity.

of units capital
referred to thn of

2x5 units at reinjectionwell and
and not including the costs the production

wells, However, the current additional
investments related reinjection drillin;
probably lead to a final of

the operation has not been possible with the
two units at f u l l capacity, the cost has 
resulted in about 30 attractive low cost
for the generation of electricity, specially in

the of 70-100
tricity.

The wellhead units at have very
satisfactorily. reinjection tics imposed

delays than expected, the benefits obtained from
their operation are both and economical.

of electricity, even if limited by
factors, has been important. In to
the fact that the time the

increased, reasons exist t o
continued use of wellhead units.

Special thanks to David
Fernando i a
U. de for their

in this paper.



4 . of 2x5 facility at Berlin.
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5. General flow of wellhead facility at Berlin
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