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Chapter 11 FUTURE INVESTIGATION PLAN

1.1 Preface

Chapter 5 deals with the estimated reserves of geothermal energy and the scale
of potential geothermal power generation of the entire triangular district
embracing the identified area including COP-1, COP-2 and COP-3 and the
geothermal manifestation areas, such as Termas de Copahue, identified by the
joint survey of JICA and the competent Government agencies of the Argentine

Republic.

In the same Chapter, the optimum scale of geothermal power generation in the
Project area is worked out as 30 MW, 1In this case, the scale of the confirmed
area will not be sufficient to generate 30 MW, and geothermal energy
generation from the remaining part of the entire triangular district will be
required. It 1s necessary, therefore, to undertake a survey in the entire

triangular district to substantiate the power requirements.

This Chapter discusses a plan for carrying out such a survey.

11.2  Knowledge of Steam Dominant Geothermal Reservoir in Project Area

In GOP-1, COP-2 and COP-?, a steam dominant reservoir is encountered at a
depth ranging from 800 to 1,100 m. The three wells are found in andesitic

volcanic rocks of the Las Mellizas Formation.
COP-2 has the highest temperature, followed by COP-1 and COP-3 in that order.
In terms of the relationship with rupture, the higher temperature well exists

near the large rupture.

From the foregoing observations, it is highly probable that steam dominant

reservolr is formed in the vicinity of the WNW-ESE ruptures.

Geochemically, the gas compositions of the Termas de Copahue and Las Maquinas

are sgimilar to those of COP-1, COP- 2 and COP-3, and there is great
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possibility of steam dominant reservoir occurring near the Termas de Copahue

and Las Maquinas.

At present, a binary geothermal power plant is operated through the use of
steam from COP-1. Jose L. Sierra, Franco D’Amoré, Hector Panarello and
Graciela Pedro, in their reports, ‘discuss the properties of this steam
dominant reservoir in terms of changes over time in the water-gas ratio, CO,
density, H,5-H, ratio, $1%0 and other properties of steam. These analyses
provide an important viewpoint for the future development of steam dominant

reservoir.

11.2 Investigation of Confirmed Area

In the confirmed area, it is necessary to determine the extent of the
geothermal reservoir already identified and how geothermal fluids occur in the

rupture system.

To define the extent of the known geothermal reservoir, it is proposed to
carry out a field survey by the Mise-a-la-mass method using COP-2 and GOP-3

as electrodes.

In order to determine the occurrence of geothermal fluids in the rupture
system, exploratory wells with the production sizes will be drilled in the
direction of ruptures at locations selected by taking the results of the
survey by the Mise-a-la-mass method into full consideration. In this case,

it is necessary to drill inclined wells.

A steam dominant geothermal reservoir may be encountered at a greater depth
than 800 m below the ground level and in such a ‘case, loss of circulating
water may be caused in the entire well, making it impossible to continue
drilling by the wmud water circulation method; If this happens, the
air-entrained mud water circulation method is recommendable to continue
drilling as deep as possible so as to complete the well as planned. The final
depth of the casing tip is necessary to be less than 800 m and it is neceésary
to ensure full-hole cementation., It is not considered to be required to

insert a production casing which may be reduced in diameter depending on the
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conditions of layers with a resulting increase in friction. However, if
sedimentary rocks are encountered as in COP-2, a production casing may need
to be inserted. It is important to decide on whether to insert a casing

depending on the conditions of well drilling.
(1) Mise-a-la-masse Method

Electrode Well: COP-1 and COP-3
Arrangement of measuring points:
A total of 100 measuring points is to arranged in an area with a

radius of 1 km from the electrode wells,

Method of measurement:
Measurement of current potential is to be taken twice at each
measuring point by switching the electrode wells. With the
electrode well as an electrode and an infinite electrode set at
other positions, the potential at the measuring points is to be

measured by charging the electrodes with electricity.

(2) Drilling of Exploratory Well

Drilling length: 1,200 m

Inclination of well: 30°C from the vertical
Final diameter: 8 5/8 in.

Final casing depth: 800 m

11.4 Investigation of Whole Area

From its geological structure and a series of previous geophysical explora-
tions, geochemical surveys and other investigations conducted in it, the
triangular area is considered to contain geothermal reservoir. To date,
however, no borehcle has been drilied_in this area to establish the occurrence
of such reservoir. The stratigraphical sequence of the: triangular area does
not vary widely from that of the identified area. It is conceivable that
brittle parts of the Las Mellizas Formation have deveioped many fissures due

to ruptures, etc. to form geothermal reservoir.
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In the proposed survey, an exploratory well with the production size is
proposed to be drilled at a location near Las Maquinitas and where rupture
systems are believed to intersect and where fissures are presumably found in

abundahce, in_order to determine the occurrence of geothermal fluids,

Simultaneously, an electrical survey is also proposed to be carried out by the

CSAMT method in the entire triangular area including the identified zone.
‘When the exploratory well succeeds in emitting'steam,‘a survey is to be
undertaken by the Mise-a-la-mass method using the well as an electrode to
determine the position of the next exploratory well.

Two or three small-diameter geological boreholes are to be drilled to define
the extent of geothermal reservoir. From the borehole explorations the
drilling position of production wells is to be determined.

(1) CSAMT Method

6 survey lines and 60 survey stations

(2) Drilling of Exploratory Well

Drilling length: 1,200 m

Inclination of wellﬁ 30°C from the vertical
Final well diameter: 8 5/8 in.

Final casing depth: 800 m

(3) Mise-a-la-masse Method

Electrode well: Exploratory well
Arraﬁgement of measuring points:
A total of 100 measuring points is to be arranged in an area with

a radius of 1 km from the electrode wells.
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(4)

115

Method of measurement: _

Measurement of streaming potential is to be taken at each measuring
point with the exploratory well as an electrode and an infinite
electrode set at another position by charging the electrodes with

electricity.
Structural drilling well

A structural drilling well with a final diameter of NQ is to be drilled
with equipment supplied by JICA. A drilling length of about 860 m will
be sufficient to serve the purpose of determining temperature
distributions. However, a drilling length of nearly 1,000 m is
requiréd to determine the occurrence of steam. When a major layer
causing loss of &irculating ﬁud'water is encountered during drilling,
the drilling is stopped immediately and wﬁen the necessary temperature
is recovered, a production test is to be conducted to assess the
geothermal energy potentials., Fig. 11-1 illustrates the survey and

well drilling locations considered appropriate at the present time.

Ofher Investigations

With a view to recording changes over time in the production of geothermal

fluids from COP-1 and COP-3 and defining the properties of the steam dominant

reservoir, it is preferable to undertake periodical analysis of the propérties

of steam from successful wells found in future surveys, such as well head

pressure, amount of steam, temperature, water-gas ratio, H,5-H, ratio, CO,

content and 8'%0.
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