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ABSTRACT

Extensive geothermal explorat ion studies have been con-
ducted i n the Phi l ippines over the past decade leading
t o the de ta i l ed surface invest igat ion o f sixteen pros-
pects. Eleven o f these have been d r i l l e d and four have
been developed t o a t o t a l  o f  894 The proceedurs
used during these explorat ion studies are discussed,
and the character is t ics o f a typ ica l Phi l ipp ine geo-
thermal system are described.

1. INTRODUCT ION

though the development o f Phi l ipp ine geothermal
resources has long been i d e n t i f i e d as a v iab le source
o f e l e c t r i c a l power, ear ly geothermal explorat ion was
sporadic. it was not u n t i l the nineteen seventies
t h a t serious explorat ion was undertaken wi th the
i n t e n t i o n o f reducing the country 's dependance upon
imported fue l o i l s f o r the generation o f e l e c t r i c i t y .

more than f o r t y prospective geothermal resource
areas have been i d e n t i f i e d (Fig. 1). T h i r t y one of
these have been reconnoitred, sixteen explored, eleven
t e s t d r i l l e d , and four have been developed wi th 894

t o t a l o f generating plant now i n s t a l l e d and
commissioned, const i tu t ing approx. o f the country 's
cu r ren t l y i n s t a l l ed power generating capacity.
(Table 1 ) .

subduction zones, e i the r a t ind iv idual volcanic centres, 
o r along the Phi1 ppine Faul t Zone where i t in tersects a
volcanic f r o n t (Fig. 2 ) .

This f r o n t model provides a very
useful p red ic t i ve method f o r iden t i f y ing potent ia l geo-
thermal resources, and has now directed explorat ion 
in te res t toward -

( i ) an examination of the en t i re length o f volcanic
f ronts f o r geothermal potent ia l , rather than t o
obvious volcanic centres only. 

( i i ) central which i s barely explored, but
where there are a number o f large volcanic
complexes associated w i th act ive subduction a t
the Davao Trough, the southern and o f the Negros
Trench, and possibly the Cotabato Trench.

3. GEOSCIENTIFIC PROSPECTING

Geos ent f c prospect ng i fo l 1 owi ng
i d e n t i f i c a t i o n o f a potent ia l resource area. Through
considerable explorat ion experience gained i n the young,
rugged volcanic ter ra ines character is t ic  o f most
Phi l ipp ine geothermal prospects, the invest igat ive
methods as de ta i l ed i n Table 2 have been found t o be
wel l su i ted t o providing la rge ly d e f i n i t i v e data
together w i th  rap id  areal coverage and cost e f fec t i ve-
ness.

I n response t o such extensive geothermal
invest igat ion, a systematic has progressively
evolved over the past decade f o r explor ing fo r , and
assessing Phi l ipp ine geothermal resources. This con-
s i s t s of the fol lowing stages o f sequential ly higher
leve l inves t iga t ion -

Although explorat ion prospecting i s carr ied ou t through

The

regional i d e n t i f i c a t i o n o f prospective target
a

geosc ien t i f i c surface prospecting methods.
( i i i ) exp lorat ion and del ineat ion wel l  d r i l l i n g .

assessment o f resource potent ia l .

2. R E G I O N A L IDENTIFICATION OF PROSPECTS

During ear l y explorat ion i n the Phi l ipp ines,
regional target i d e n t i f i c a t i o n was based exc lus ive ly on
an associat ion o f surface thermal a c t i v i t y to

Quaternary volcanic land forms. More recent-
l y i t has been recognised b Bogie and (1984)

(ii

del of a prospect i s prepared from
r a t i o n o f r e s i s t i v i t y and
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history of an area. The productiontectonic and hydrothermal
nature o f a possible heat source may also be inferred
from a consideration of geologic, aeromagnetic and
gravity data.

5.2 Recoverabi 1 i ty of Stored Energy

The amount of energy that can be recovered from a stored
heat resource and the rate a t which i t can be 'mined' or
recovered i s principally a function of reservoir permea-
bil (assuming liquid dominated reservoir conditions).
For an isotropic reservoir where permeability is wholly
primary the ra te of heat extraction is optimal. O n the
otherhand where permeabil i t y i s secondary i n nature,
heat recovery will proceed less eff icient ly and will
depend on individual fracture size, fracture spacing
and the degree to which fractures connect into a field-
wide 3 dimensional network (Donaldson and Grant, 1981).
To allow for the uncertainties that variable permeabi-
1 introduces on heat recoverability, a recoverability
factor i s used to downgrade the amount of stored heat
available, t o a level of recoverability which i s con-
sidered to be consistent w i t h the mixed primary and
secondary i t y controls character is t ic of
Philippine geothermal systems. 

By the above methods, an assumed potential for a
resource is arrived at . This potential must then
validated fo r each development sector by means of well
testing and analysis of reservoir performance (KRTA
Limited, 1980).
delineation dr i l l ing and prior to
to development, sector output t e s t s would w i t h
production dr i l l ing being deferred until  the sector 
performance t e s t s had been completed. Because of the
t igh t schedule i n the Philippine geothermal development 
over the past decade, th i s deferment in dr i l l ing has
generally not been possible.
testing has been conducted i n place of sector output
test ing as a means for predicting early reservoir 
performance.

Ideally, a t the completion of the

Instead, interference

4. EXPLORATION AND DELINEATION DRILLING

Any model of a geothermal resource as conceptualized
from exploration data acquired a t surface can only be
tested sa t i s fac tor i ly by dr i l l ing .

Test dr i l l ing proceeds in two stages:

an in i t i a l 3 well exploration dr i l l ing
to confirm the presence of a high temperature
resource. These are typically dri l led vert ical ly
to depth.
permits, i t is desirable to locate one well i n
the centre of the resource as indicated by the
exploration model. The other 2 wells are si ted
w i t h i n the inferred resource area a t locations
suck that the 3 wells collectively t e s t a block
of about 5 o f potential resource area.
Drill ing then ceases until the resul ts obtained
from exploratory dri 11ing have been
evaluated.

Providing the terrain

( i i ) findings obtained from the 3 exploration wells
generally resul t i n refinements being necessary
to the exploration model. Adjustments are made
and i f indications remain encouraging, an
additional 4 delineation wells are si ted with the
objective of testing the exploration model out-
wards to i t s boundaries. Extensive use of long
throw deviated well dr i l l ing is made during f i e ld
del ineation i n order to maximize boundary
information from infield wellheads which can
l a t e r be piped u p as production wells. Vertical
d r i 11ed depths of with horizontal
deviations (throws) of 1.3 to 1.5 km are typical
during del ineation dri l l ing.

6. CHARACTERISTICS OF A 'TYPICAL' PHILIPPINE

With approx. deep wells now dri l led i n 11
Philippine geothermal systems i t has been found t h a t
they have many physical and chemical characteristics in

w i t h volcanic fronts derived from melting of subducting
oceanic crust, s imilar i t ies are then to be expected
because i t i s the geological which predo-
minantly controls the physical and chemical character-
i s t i c s of a hydrothermal system. 

Considering that these systems are associated

5. RESOURCE POTENTIAL

Successful geothermal development requires not only a
knowledge of the amount of energy in the reservoir b u t
a l s o the quantity of energy that can be recovered, and
the  ra te  of which i t can be extracted. This deter-
mines the electr ical generating capacity that a
resource can support (KRTA Limited, 1980).

5.1

The geothermal resources developed by the Energy
Development Corporation of the Philippine National
Company (PNOC-EDC) have been sized, for the purpose of 
i n i t i a l a method of volumetric
stored heat calculation for example and
Grant , 1981). The method considers the total heat
stored i n both f l u i d and rock within a closed system
to which no f l u i d o r heat recharge occurs. The method
i s not part icular ly sensitive to the value assumed for
rock porosity, and yields a conservative estimate of
t h e energy content of the resource because of the

The Amount of Stored
The Philippine systems are classif ied as
volcanic geothermal systems and are dominantly 1iquid
in the pre-exploited state . They may or may not be

A general schema for such systems has
recently been published (Henley and E l l i s , 1983) which
has been modified in Fig. 3 to more closely describe
the 'typical Philippine system.

The principal elements of these systems are: ,

( i ) The central reservoir area i s dominated a near
vertical plume o f ascending neutral kal i
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with reducing pressure where i t spreads
la te ra l ly and moves down a hydraulic gradient
away from the plume.
almost invariably found a t some considerable
distance from the plume (10-20 km) where the
chloride water gradient f i r s t intersects the
topography. During early exploration of
Philippine geothermal resources, attention was
frequently misdirected the outflow regions
of resources due to the prescence of obvious
temperature anomalies i n shallow temperature
gradient 1s, pronounced Schlumberger 
res i s t iv i ty and-considerable surface 

of chloride water from a
snallow source fluid a t

Chloride springs are

Above the chloride water, the systems are
frequently capped by a zone of s i l i c a and
anhydrite deposition. Where reservoir
temperatures closely follow boiling point for
depth conditions ( for example Tongonan - see
Whittome Smith, 1979) then considerable

of free steam and gas occurs
forming vapour dominated pockets beneath the
cap.

I t i s also apparent tha t free gas can
beneath the cap of a non boiling system due to
gas stripping from the deeper chloride water in
response to declining gas so lubi l i t i es with
decreasing pressure during upward fluid
movement. Migration of CO, + H S through cap 
fractures and oxidation in vadose zones 
produces acid sulphate low chloride fluids
above the cap zone. 

Although Philippine geothermal systems are fre-
quently sol f a t a r i c the frequency of occurrence
o f magmatic volat i les in well f luids i s
surprisingly low. This probably ref lec t s  tha t  
no large scale mixing occurs between magmatic 
and meteori c waters unless deep permeabi 1 t i es
are exceptionally high (Bogie and Palma, 1984).
Where volati l es have been detected
they are manifest as HF, SO, rich steam
emissions a t surface and show a close
association to single, prominent geologic
structures. A t s l igh t ly lower elevations t o
such magmatic contaminated emissions, d i s -
t inc t ive acid chloride sulphate springs occur
due to gas scrubbing in shallow ground waters
(see f o r example Lawless Gonzales, 1982).

( i v ) Most of the Philippine geothermal systems are
underlain a t shallow depth (approx 3 km) by
large plutonic bodies of gabbroic to grano-
d io r i t i c composition (see for example Ignacio
and Bromley, 1982). As these masses are quite
old, typically 10 BP, i t i s believed t h a t
the active systems are heated by l a t e
current stage of porphyries along the
periphera of the older plutonic bodies (Leach, 
1982). This association i s well documented i n
r e l i c t Philippine geothermal systems, exhumed
by up l i f t and erosion, and now being mined for
porphyry copper ore (see for example Loudon,
1976).

t o

The s ize o f the economically exploitable f luid
resource (down t o 180°C) i n a typical active
Philippine geothermal system i s generally 15 to
25 sq. km. i n surface area; yielding a
recoverable stored heat resource o f u p to
25000 years energy equivalent.
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