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ABSTRACT

The long term development and successful utilisation of the

Tongonan geothermal field for electric power generation is

ultimately a function of the response of the reservor

to extensive exploitation.

A field drawdown test of several years duration has been

planned to test this response. A number of nuclear chemical

techniques have been incorporated into this to assist in

quantitatively tracing the subsurface movements of both

reservoir and. reinjected fluids; and to provide an early •

warning of changes in the physical and chemical properties

of the reservoir fluids which ntigH-t̂  indicate over-exploitation

with respect to natural recharge.

The programme will be implemented by PAEC under contract to

PNOC-EDC.



INTRODUCTION

Scientific and engineering geothermal studies have been in

progress in the Tongonan area of N.W. Leyte since 1973.

These studies were initiated as a joint technical cooperation

project between the Governments of the Philippines and New

Zealand. The executing agencies of the two governments have

been, respectively; the National Power Corporation initially,

and more latterly the Energy Development Corporation of the

Philippine National Oil Company (PNOC-EDC Geothermal); and

Kingston Reynolds Thorn G Allardice Ltd.

By late 1976, a geothermal resource had been identified at

Tongonan and a deep well drilling programme then initiated to

enable utilising the high pressure/high temperature

characteristics of the resource for electric power generation.

Twenty three deep wells have been drilled to date; twenty one

provin'g highly successful. The total steam reserve available

presently exceeds 200 MW(e). Planning and design studies for

a 112.5 MW(e)' geothermal power station are nearing completion.

This plant, due for commissioning in 1982/1983 will form a

first stage development of future geothermal power complex

with an ultimate total generating capacity of perhaps 500 MW(e).
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RESERVOIR RESPONSE TO EXPLOITATION AND UTILITY OF
NUCLEAR CHEMICAL TECHNIQUES

A number of modelling studies of the Tongonan reservoir have

been undertaken (see for example, Barnett, 1979; Ward, 1979;

Whittome 3 Smith, 1979). These have, however, all been based

on the essentially pre-exploitation reservoir characteristics.

Observations on the longer term behaviour of known geothermal

reservoirs such as Wairakei, New Zealand, demonstrate that

exploitation can produce a considerable change in reservoir

characteristics from the initial states. For instance,

field pressures adjacent to wells may decrease, and sharp

temperature and pressure flow gradients may occur (Trues'dell

and Frye, 1977). Of particular concern are the possibilities

for near surface recharge and short circuitry flows from cooler

parts of the field.to production zones (Barry et al., 1979).

These effects, generally lead to rapidly declining mass outputs

in geothermal wells (Bolton, 1973) and hence reduced power

generating capacities.

The Tongonan field development is in an early phase as yet,

with a limited discharge history presently available.

Consequently, the large scale r< ;ponse of this reservoir to

a sustained withdrawal of steam and hot water over twenty

five years, the nominal plant life of the planned generating



equipment, is not known. This can only be assessed from a

period of extensive exploitation that is of a sufficient

duration, to induce in the deeper reservoir fluid, a

measurable physical and chemical response to such.

A field drawdown test has thus been planned at Tongonan

which will involve discharging, simultaneously, for a period

of one to two years, most of the presently available wells.

The data detained from this testing will be/considerable

value in optimising longer term field management procedures

and all future stages of power development, and in testing

the viability of bulk reinjection of waste water from surface

separators, back into the reservoir.

Radioisotopic and stable isotopic chemical methods have been

incorporated .into the drawdown test because of their utility

in tracing the origin, subsurface /novements and condition of

both reservoir and reinjected fluids during exploitation.

The various nuclear techniques presently available, and the

intended specific application of each to the Tongonan field

drawdown test, are now discussed.



RADIOISOTOPE TRACING TECHNIQUES

Two specific applications are intended. These are based on

techniques developed by the New Zealand Institute of Nuclear

I Sciences, reported in Barry et. al., (1979).

j A. Assessing if horizontal permeability connections exist

between two well bores; an important factor in determining

I the minimum practical bore spacing (greatest well density)

I that can be achieved in field development without any

interwell pressure reactions occurring, which could lead

I to rapidly declining mass outputs. Having obtained a

minimum well spacing, the costs of drilling and steam

I collection systems can then be optimised.

Tests of this type will involve introducing a radioisotope

I into the- standing fluid column of a shut well, while

discharging a neighboring observation well to which a

I permeability connection test is required. The fluid*-

I discharged from the observation well (both steam and water

' phases) will be*continuously-monitored to determine to

I what extent, if any, the radioisotope migrates from the

closed well with respect to activity with time. By this

method, well bore permeability conncections can be



quantitatively assessed.

B. Tracing the subsurface movements of a fluid that has

been reinjected back into the reservoir following energy

utilisation. The first programmed test of this type

involves discharging well 101 to a steam/water separator

from which the water phase will be piped under pressure

into 105- a reinjection well (Fig. 2).

Immediately prior to flowing down 105, this water will

be labelled with a radioisotope tracer. All wells within

a 600 m radius from 105 will be then placed on a slow

steam/vrater bleed and continuously monitored, for initially,

one month. The fluids continuing to be produced from

well 101, and the Mahiao river at a site opposite well

1R10, wij.1 also be monitored throughout this period. .

A number of conclusions might be possible on the movement

of reinjected fluid from 105 depending on which monitoring

station(s) tracer return is noted. For example:

I. If tracer return is restricted to well 101 only,

then cycling of reinjected water between the fluid



accepting horizon in 105 and the production horizon

in well 101 is indicated.

II. Tracer movement from well 105 to any of the wells

remaining on bleed would indicate that interwell

permeability connections exist. A dominant hydrologic

directional component to the reservoir may also be

apparent from this type of result.

III. Any tracer return to the Mahiao river would be

diagnostic of rapid movement of reinjected fluids

from depth to the surface, via the extensive structures

present in the vicinity of well 105. As the primary

purpose of rcihjection is to isolate potentially toxic

geothermal waste water from any contact with the

environment, a result such as this would then preclude

105 as% suitable for reijection purposes.

After discussions with the Philippine Atomic Energy

..Commiss.ion (PAEC) and the New Zealand Institute of

Nuclear Science (N^INS), two' rsdioisotopes have been

selected for use in the above tests - 1-131, a gamma

emitter with a half life of 8.1 days; and S-35, a soft

beta emitter of half life 87.2 days. ^ third nuclide,



Cr-51, was considered but later rejected because of

the likely instability of the organic bonds in the

supporting EDTA complex, at the high reservoir

tempertaures to be encountered (greater than 300°C).

It is proposed to initially use 1-131 in test A above

and at relatively low activity levels eg 10"3 to 10"2

curies. This is to avoid any significant activity

contribution carrying over and contaminating later

tracer tests. In test B, it will probably prove

necessary to use S-35 to maintain tracer activity over

the greater migration distances (and times) being

investigated* TTacer velocities in well interference

tests in New Zealand and Japan have yielded a range

in velocities of 0.06 mm/sec to 9.4 mm/sec. Thus

I .tracer .migration from well 105 out to a 600 m radius,

_ based on these figures, couia take from to 116 days.

• This strongly suggests that test B will require a

• S-35 label.
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STABLE ISOTOPE TECHNIQUES

The deuterium contents of geotherraal waters can he used to

determine the source area in which local meteoric water

enters into and recharges a geothermal reservoir (Truesdcll

and Frye, 1977). If this source area is far removed from

the immediate reservoir, then a large resource may be

indicated. It would be of considerable interest to monitor

deuterium and 0 throughout the planned Tongonan field

drawdown test for this purpose, and to also assess if

extensive exploitation results in a rapid influx of cooler

water into the field area, or if near surface recharge within

the field is induced. By reference to tritium levels, it

would also prove possible to date any cooler water inflows.

Any cooling in the reservoir that might occur as a function

of exploitation can be quantitatively followed by chemical

geothermoinetry. There are a wide variety of temperature '

calibrated chemical equilibria that may be used for such -

inorganic aqueous equilibria; organic and inorganic

heterogeneous gas equilibria. These different geothermometers

equilibrate at different rates so that if a fluid is decreasing

in temperature with time as it flows toward a well, then a

comparison of the various indicated temperatures will reveal

the temperature history of the fluids.
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CONCLUSIONS

This paper is a brief resume only, of some intended

applications of nuclear techniques in the Tongonan field

development. Such techniques have proved invaluable,

particularly stable isotope studies in geothermal exploration

and reservoir interpretation, in projects in New Zealand,

U.S.A., Italy, Japan, Mexico and Chile.

The Philippines is rapidly evolving toward becoming the

second largest geothermal power producing country in the

world. Consequently PAEC could well consider the merits of

establishing a geothermal nuclear specialist group to

actively participate in this thriving sector of the energy

industry.
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