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ABSTRACT

Wells d r i l l e d i n t o the Pal impinon geothermal
f i e l d have intersected an extensive high temperature
i qu id reservo i r i n fractured rocks o f Miocene age 

and younger. Production i s t y p i c a l l y from o r
more feed zones and averages approximately 7
per 1.

The assessed amount o f recoverabl e o r p o t e n t i a l l y
recoverable stored heat energy f r o m the d r i l l e d area
i s equivalent t o approximately 9000 MW years o f
e l ec t r i ca l energy but a l a rge  pa r t  o f res ides
i n p lu ton ic rocks, t he  exp lo i t ab i l  i t y o f which has
y e t  t o  be tested. Construct ion o f a 112.5 
power s ta t i on a t Puhagan represents the f i r s t
i n f i e l d development. The extent o f development
beyond t h i s f i g u r e w i l l depend on several fac to rs
inc luding the performance of Pal impinon I,fu r the r
t es t i ng o f t h e pluton and also the f u l l extent o f
the resource.

RESULTS FOR SURFACE INVESTIGATIONS EARLY DRILLING

The geothermal f i e l d i s located on the
is land o f Negros i n the Central Visayan region o f
the tec ton i ca l l y a c t i v e is land arc which comprises
the Ph i l ipp ine Republic. I n te res t was f i r s t aroused
i n the ea r l y 1970's by the presence o f hot springs
and hydrothermally a l t e red ground i n the Okoy Val ley
and Tagbac-Magaso geothermal areas.
spr ing sampl es by sc ien t i s t s o f t he Phi l ipp ine
Comnission on Volcanology showed high concentrat ions
o f ch lo r i de ion, a f i nd ing confirmed by fu r t he r
geological and geochemical reconnaissance, which

so located extensive hydrothermally tered
country. These encouraging resu l t s provided the

j u s t i f i c a t i o n f o r a programne o f Schlumberger
r e s i s t i v i t y traverses covering approximately 260 km .
The regional pa t te rn o f r e s i s t i v i t y i s shown i n
Figure 1. This survey fu r t he r supported the concept
of a geothermal reservo i r and i n 1975 the Okoy Val ley
was selected as having most promise f o r development.

The major surface manifestat ions occur i n the
Okoy Val ley which i s located between Quaternary
volcanic centres, Balinsasayao t o the no r th and
Cuernos de Negros t o the south, Figure 1. Several
near-boi l i ng springs w i t h high concentrat ions o f
ch lo r i de ion occur a t low elevations.
low ch lo r ide but h igh sulphate, cha rac te r i s t i c o f
steam-heated water, occur i n the higher

Analysis o f

Others having

country fu r t he r west.

Figure 1:

Regional apparent r e s i s t i v i t y , Southern Negros -
Schl umberger ar ray - = 500 m.

These data together w i t h the extensive hydrothermally 
a l t e red ground, spr ing geothermometry, and r e s i s t -
i v i t y f ind ings provided strong evidence f o r a hot
water reservoi r , and i n January 1976 d r i l l i n g began
w i t h two shallow, 600 m explorat ion wells, Negros 1
and 2 i n t he lower Okoy Valley, 2.

though ne i ther produced sa t i s f ac to r i l y , both
confirmed t h e existence o f high temperatures a t
r e l a t i v e l y shallow depths. Well data, inc luding
geochemistry, suggested t h a t they had intersected
an outf low f r o m a o r ho t te r l i q u i d reservoi r .
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Schl umberger apparent r e s i s t i v i t y ,
Palimpinon geothermal f i e l d - = 500 m.

It was recognised t h a t t he c lose l y confined
10-20 ohm-metre r e s i s t i v i t y anomaly along t h e Okoy
r i v e r was s t rong ly inf luenced by topography and t h a t
t he extension of the hot water beneath the higher
country would be marked by higher apparent
r e s i s t i v i t i e s and less pronounced anomal ies. Two
such anomal i es (20-30 ohm-metre) branched northwest
and southwestwards f r o m the Okoy Valley, and a ser ies
of exploratory 1 encountered progressively
higher temperatures t o the southwest.

Two o f the deep explorat ion wells, Okoy 4 and
5 OK5) both have high measured temperatures

and respec t ive ly w i t h no invers ion -
and OK5 produces an equivalent o f approximately
8 MW It i s noteworthy t h a t t h i s well was the

i n the  Ph i l ipp ines  t o be stimulated i n t o
discharge by steam generated by a bo i l e r .

Reappraisal o f the r e s i s t i v i t y data showed a
la rge area of similar values i n t h e upper Okoy
catchment and it was postulated t h a t t h i s might
represent an extension o f t he high temperature
resource a t OK4 and OK5.
by add i t iona l deep wel ls i n the area
fu r t he r west.

This was l a t e r confirmed

A t t h i s stage the decis ion t o proceed w i t h a
112.5 geothermal power development,
Palimpinon I,was taken by the Energy Development 
Corporation d i v i s i o n o f the  Ph i l  ipp ine National O i l
Company. Construct ion o f t he power s ta t i on and
f l u i d transmission system a t Puhagan are well
advanced and commissioning i s scheduled f o r mid
1983.
number o f su i tab le s i t e s f o r ve r t i ca l wel ls .  This 
l e d t o the adoption o f d i r ec t i ona l d r i l l i n g , a l l o f
t he ta rge ts being reached from s i t e s c lose t o the
loca t i on o f t he power s ta t ion . Obvious advantages
o f t h i s st rategy a re  t he  use o f shorter pipel ines, 
easier access, common services, simpler wel l tes t ing ,
easier wel l con t ro l and f i e l d management.

The steep topography severely l i m i t e d the

RESULTS OF DEEP DRILLING

A t the t ime o f w r i t i n g a t o t a l o f 15 deep explo-
r a t i o n and development we l ls w i t h an average depth
o f 2800 m had been d r i l l e d i n the Palimpinon f i e l d .

bores discharge a two-phase mixture o f steam
and water a e-phase 1iqu id  b r i ne  reservo i r

and usua l l y from two or more zones.
derived f r o m f rac tu res fed f r o m rocks o f varying
porosi ty ; it i s indicated i n cu t t i ngs by drusy vein
minerals, p a r t i c u l a r l y quartz and adularia, and
a f t e r completion by comparison o f downhole temp-
erature p ro f i l e s . Enthalpy o f t he discharged f l u i d
averages approximately 1230 J/g a t a 1head
pressure o f 0.8 abs. and non-condensable gases
approximately weight percent o f steam.
Average e l e c t r i c a l equival ent output o f t he producing
we l ls a t a separator pressure o f 0.55 abs. i s
about 7 Wells i n the eastern par t o f t he
f i e l d have provided steam f o r two 1.5 

turbogenerators since l a t e 1980. The
e l e c t r i c i t y from these u n i t s i s used both by the
p ro jec t and the nearby c i t y o f Dumaguete.

Permeabil i ty i s

A general ized s t ra t ig raphy o f t he Pal impinon
F i e l d has been given by Leach e t a l . (1982 t h i s
conference). Puhagan 1s i n the east penetrate
andesites o f t h e Southern Negros Formation and
younger Cuernos volcanics which are under la in t o
d r i l l e d depths by rocks o f the Okoy Sedimentary
Formation. though some o f t h e highest temperatures
occur i n the sedimentaries, permeabi l i ty i s poor
except where they have been interbedded w i t h volcanics,

Fur ther west, we l l s in te rsec t an extensive body
o f monzodiori te which has been intruded i n t o the
over ly ing volcanics.

Subsurface geology based on the deep wel ls
i s shown i n Figures 3 and 4; t he temperature
d i s t r i b u t i o n i s shown on the same sections. Co l lec t-
i v e l y these data underscore t he importance o f t he
Nasuji  monzodiori te t o l a r g e scale exp lo i t a t i on i n
t h i s area.
intersected a t depths as shallow as 500 m below
mean sea leve l and accounts f o r t he greater pa r t
o f t he resource w i t h temperature i n excess o f
It thus accounts f o r a l a rge proport ion o f t he
assessed thermal energy content i n t h i s pa r t o f the
f i e l d .

I n par t i cu la r , t he pluton has been 
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Figure 3: Section A- A' . Subsurface geology and
sot
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Figure 4: Section . Subsurface geology. 

Results f o r completion and f low tes t s ind ica te
tha t the monzodiorite accounts f o r a substantial
proport ion o f t he production f r o m three wel ls
located i n the western pa r t o f t he f i e l d . One,

i s cased i n t o the pluton and therefore draws
on i t f o r i t s e n t i r e production o f more than
5 MW

i n t he sector of the f i e l d
are given i n Table 1 below.

Character is t ics o f t h i s and other bores

Well No.

OK-11

SG-2

NJ-1

abs. and separator
pressure of 0.55

abs.

1665 50+ 288 10.7

1270 10 265

1815 31 277 5.2

1918 37 283 8 . 5

1978 10 291 3.5

1743 15 24 7

i n progress

Production f r o m p lu ton ic rocks has also been
observed i n the Tongonan f i e l d . Wells d r i l l e d i n
the Mali tbog sector i n t e r sec t an average o f 500 m o f
d i o r i t e which ies approximately o f
andesite volcanics. Neverthel ess natura l systems
developed i n rock o f t h i s k ind have ye t t o be
commercially explo i ted and hence l i t t l e  i s  known
about t h e i r long term energy y ie l d . C lear ly however,
production f r o m such reservo i rs must r e l y more
heavi ly on the  f r ac tu re  network than i s t h e case f o r

those developed i n more porous rocks such as
volcanics. I n t r u s i v e rocks which have been 
in tense ly and more o r l ess homogeneously f rac tu red
could, under production conditons, be expected t o
behave i n a manner s im i l a r t o a porous reservo i r .
However, where t h i s f r ac tu re network i s confined t o
a few widely-spaced structures such as fau l ts ,
reservo i r capaci ty w i l l be r e l a t i v e l y small and heat
t r ans fe r from rock t o f l u i d l ess e f fec t i ve . Under
these condi t ions the r a t e a t which f l u i d i s removed
f r o m t h e reservoi r , and the nature and r a t e o f f l u i d
recharge a re l i k e l y t o be o f c r i t i c a l importance.

Production from wel l s i n the western par t o f
t he f i e l d i s no t confined t o the monzodiorite.
There i s c l e a r evidence f r o m d r i l l i ng c i r c u l a t i o n
losses, we l l discharge, downhole measurements and 
petro logy f o r permeabil i t y a t t he contact between
t h e pluton and over ly ing volcanics p a r t i c u l a r l y
where the l a t t e r comprises a potpourr i o f i n t e r -
calated andesites, po rphy r i t i c d i o r i t e s and
andesites, and micro-monzo and monzodiorites.
However i n o ther wells, Okoy 8, Okoy 11 and
Nasuj i 1 where the contact takes
the form o f a contact metamorphic hornfels,
permeabi l i ty i s poor t o absent.

The d i s t r i b u t i o n o f permeabil i t y w i t h i n the
we l ls has been assessed l a r g e l y on

the basis o f completion tes t s and data f o r f lowing
surveys and i s shown i n Figures 3 and 4. Although
a t present on l y 5 we l l s have been d r i l l e d i n t o the
pluton some observations are possible. F i r s t l y
there i s no evidence f r o m these data t h a t
permeabil i t y w i t h i n the monzodiori te i s other than
random; nor i s there any ind i ca t i on t h a t production
could not be expected f r o m greater depths. o f
t h e f i v e we l ls are on ly poor ly permeable. One o f
these, Nasuj has been successfu l ly discharged
but output t o date has been small and unsustained.
The other, has the lowest i n j e c t i v i t y o f
those shown but perhaps s i g n i f i c a n t l y penetrated
the pluton t o a depth o f l ess than
The contact between the p l utonics and over ly ing
volcanics occurs as a hornfe ls i n both these wells.

A pe t ro log ica l study o f t he nature and pat te rn
o f hydrothermal t e r a t i o n has provided evidence
f o r the o r i g i n o f t he f rac tu re t h a t i s
found w i t h i n the pluton. De ta i l s o f t h i s study a re
given by Leach e t . (1982 - t h i s conference).
The pat te rn i s and t o some extent resembles
t h a t found i n associat ion w i t h porphyry
o re deposits; t h a t i s , a high temperature potassic
zone a t t he contact o f t he pluton w i t h rocks o f t he
int ruded Southern Negros Formation, a surrounding
advanced a r g i l l i c zone and beyond th is , a zone o f
propyl i t i c a l t e ra t i on . t e ra t i on minerals present
i n the potassic and i c zones were formed a t
higher temperatures than those measured a t
corresponding depths.
equ i l ib r ium w i t h ex i s t i ng f l u i d s but r e f l e c t higher
temperatures o f a past hydrothermal regime. This
i s also t r u e o f t he p r o p y l i t i c a l t e r a t i o n where it
occurs i n the uppermost par ts o f t he Southern Negros
Formation but, a t greater depths mineral s encountered
i n the Puhagan wel ls appear t o be i n equ i l ib r ium w i th
ex i s t i ng f l u i d s .

They a re there fo re not i n
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The i c t a l t e r a t i o n observed i n the
Southern Negros Formation does not appear t o
extend i n t o the over ly ing Cuernos Volcanics and
as such pre-dates t h e i r eruption. Furthermore,
t he persistence o f high temperature mineral s
t o the top o f t he Southern Negros Formation
indicates t h a t these volcanics were eroded t o a
considerable depth, perhaps i n the order o f 1000 m.
A per iod o f erosion i s consistent w i t h repor ts o f
a paleosol between the formations.

There i s some evidence from most Puhagan wel ls
t h a t t he i c t a l t e r a t i o n has been succeeded i n
pa r t by a lower temperature mineralogy which i s i n
equ i l ib r ium w i t h measured temperatures. The

t e r a t i o n i s characterized var ious ly by
mor o n ite, n t e r layered illite-montmorillo n it e
and zeo l i tes , and although not pervasive t h i s
a l t e r a t i o n appears t o be widespread and extends
i n t o the over ly ing Cuernos Volcanics.

The po in t has been made t h a t h igh temperature
potassic a l t e r a t i o n extends no fu r t he r than
300 m i n t o the pluton. Although some a l t e r a t i o n
pers is ts below these depths w i t h i n the monzodiorite,
i t i s l ess in tens ive and was formed a t temperatures
s im i l a r t o those now i n existence.

It thus appears tha t there have been
episodes o f hydrothermal a l t e r a t i o n i n the d r i l l e d
pa r t o f the f i e l d ; a phase potassic, a r g i l l i c
and p r o p y l i t i c  a l t e r a t i o n  and a l a t e r phase o f
a l t e r a t i o n by more neutra l f l u i d s a t c lose t o
present temperatures. This more recent episode i s

ected i n the te ra t i on observed a t greater
depths w i t h i n the pluton, t he lower grade o f
a l t e r a t i o n i n the upper par ts o f t h e S.N.F. and
lower members o f Cuernos Volcanics, and possib ly
the deep a l t e r a t i o n a t Puhagan. It i s bel ieved
t h a t the f i r s t episode o f a l t e r a t i o n formed i n
response t o the monzodiori te in t rus ion .
b e l i e f i s based on the d i s t r i b u t i o n o f a l t e r a t i o n
w i t h respect t o the pluton, the s i m i l a r i t y between
the observed a l t e r a t i o n pat te rn and t h a t found i n
porphyry ore deposits which are commonly associated
w i t h int ruded igneous rocks, and the probable
magmatic o r i g i n o f t he  ac id i c  advanced i c

e t . (1982).

This

ec t i ve l y  t he  above observations imply t h a t
deep t e r a t i o n present w i t h i n the pluton
in t r us i on o f t h e monzodiorite.
f r ac tu re permeabil i t y w i t h which it i s associated
i s not l i m i t e d t o  j o i n t s  formed dur ing cool ing o f
the pluton. Indeed, t he nature and pat tern of the
more recent a l t e r a t i o n i s consistent w i t h a period
o f renewed tectonism fo l low ing a period o f cool ing.
Such a c t i v i t y would 1i k e l y have resu l ted i n wide-
spread f rac tu r i ng o f t he rock inc lud ing the pluton
and as a consequence, a modif ied hydrology.

It fo l lows t h a t

A d e f i n i t e re l a t i onsh ip has y e t t o be
establ ished between the occurrence o f f a u l t s and the
incidence o f permeabil i t y w i t h i n the pluton
although traces o f several major f a u l t s l i e on l y a
short  d is tance from producing we l l s OK6 and i n
the Nasuj area.
and associated shat ter zones may be important upflow

early, however these

channels f o r geothermal f l u i d . Conceivably they may
so access poten t ia l recharge aqu i fe rs both above

and beyond the producing f i e l d .

has been provided by a comparison o f f l u i d chemistry
and measured temperatures from Okoy 1s.

Some knowledge o f t h e ex i s t i ng f i e l d hydrology

Computation o f t he deep aqu i fe r chemistr ies has
been complicated by t h e f a c t t h a t most o f the  we l l s  
produce f r o m a t l eas t feed zones, t he cont r ib-
u t i o n o f each vary ing w i t h wel l head pressure.
Corresponding changes i n the discharge chemistry 
have been observed f o r several o f the  we l l s  and are
most marked f o r those d r i l l e d a t Puhagan. There i s
there fo re a r i s k t h a t apparent in te rwe l l va r i a t i on
may mask rea l trends across the f i e l d . I n an e f f o r t
t o avoid such problems, t he data used i n the analys is
were those obtained from samples discharged a t high
wel l head pressures. It was assumed t h a t discharge
under these condi t ions most c l ose l y approximates
f l u i d derived from the deepest feed zone. Even so,
some con t r i bu t i on f r o m shallower aqu i fe rs cannot be
r u l ed out. Therefore, observed f i e l d patterns are
v a l i d on l y i n s i tua t ions where va r i a t i on across the
f i e l d exceeds t h a t obta inable from a given wel l .

A comparison o f wel l chemistr ies on t h i s basis
has shown some in te res t i ng trends.
t he r a t i o o f ch lo r i de t o boron var ies l i t t l e across
the f i e l d . F l u i d supplying we l ls i n the
Sogongon and Puhagan areas i s therefore l i k e l y t o
have a common or i g i n , The small va r i a t i on i n reservo i r
pressure across the f i e l d i s consistent w i t h t h i s
inference . Furthermore,temperat u r e it ve parameters
inc lud ing the r a t i o s and

suggest a progressive decl ine i n temperature
t o the northeast, nor th and west from w i t h i n the
v i c i n i t y o f OK5. These trends are general ly
consistent w i t h those deduced from measured well
temperatures. Cation geothermometry indicates a
reservo i r temperature o f no t l ess than which
i s i n reasonable agreement w i t h the maximum s i l i c a
temperature o f approximately and the maximum
measured f i e l d temperature o f i n

I n par t i cu la r ,

d ch lo r i de concentrat ions contoured i n
Figure 5 a lso show considerable var ia t ion . These
reach a maximum o f approximately 4200 ppm i n the
Puhagan area, and decl progressively i n
the d i rec t i on o f and The range o f
approximately 1200 f a r exceeds t h a t obtained f o r a
given wel l (approximately 500 and i s therefore
taken t o ind ica te a progressively 1ess mineral ized
reservo i r f l u i d from east t o west.

The same general pa t te rn i s indicated by the
isotherms a t MSL-500 m and MSL-1500 m i n Figure 5
and by the p l o t o f aqu i fe r ch lo r i de concentrat ion
versus supply water temperature, based on the
concentrat ions o f d issolved Figure 6.
decl i ne i n ch lo r i de concentrat ion from Puhagan t o
the area i s thus c l e a r l y re la ted t o
a f a l l i n g supply water temperature and cool ing o f t he
resource, and i s considered t o ind ica te progressive
d i l u t i o n o f t he reservo i r f l u i d w i t h a cooler l ess
mineral ized water.

The
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Wet bcations deviated well track

Figure 5: Isotherms, isochlorides, major s t ruc tu ra l
features.

i s
Va1

d i f f e r e n t though equal ly  wel l  -defined trend
shown i n Figure 6 by wel ls d r i l l e d i n t h e Okoy
ley . Despite a progressive decl i ne i n supply

I

Figure 6: P l o t o f aqui fer ch lo r i de concentrat ion
VS. Supply water temperature.

water temperature from OK7 towards the most east-
e r l y d r i l l e d wel l , aqu i fe r ch lo r i de concent-
ra t ions vary 1ittle from an average o f approximately
4000
process o f conductive cool ing w i t h i n the reservo i r
i n an eas ter ly d i r ec t i on and i s supported by s tab le
isotope analys is o f t he wel l f l u i ds . However, i t
should be noted t h a t it i s possib le t o combine
b o i l i n g  w i t h  d i l u t i o n t o g ive the same r e s u l t .
Isotope analyses a re consistent w i t h  t he  pa t te rn
o f d i l u t i o n indicated by the chemistry but more
data a re needed f o r confirmation.

Such a trend i s consistent w i t h the

pat te rn i s indicated by isotherms a t depths o f 500 m
and 1500 m below mean sea 1 . There a re however
some in te res t i ng di f ferences. The r a t e o f cool ing
a t t he shallower plane i s l ess uniform than t h a t a t

m p a r t i c u l a r l y t o the west t he
Sogongon sector. The depth of these isotherms,
500 m below sea leve l , and the productive contact 
zone between t he and over ly ing Southern
Negros Formation a re i n general agreement i n t h i s
area. These observations together w i t h evidence
f o r  d i l u t i o n  of t h e reservo i r f l u i d from east t o
west suggest a wester ly flow across the Nasuji-
Sogongon area a t t he contact between the pluton and
volcanics. Flows o f t h i s k ind have also been
detected a t t he Tongonan geothermal f i e l d .
pockets o f anomalously high temperature a re shown
a t t he SL-500 m depth. One o f these l i e s on the
out f low t o the northeast and may represent loca l i zed
convective heat f low along a deep f racture,  possib ly  
t h e T ica la f a u l t . Supporting evidence f o r t h i s
explanation i s provided by the chemistry which
ind ica tes t h a t f l u i d s i n t h e out f low path are cooled
by conduction. The absence of d i l u t i o n by meteoric
water impl ies t h a t t he pressure drop along the out-
flow i s small and as a consequence, t h a t permeabi l i ty
i s r e l a t i v e l y high, a cond i t ion which could be
s a t i s f i e d by the presence o f a f a u l t . Fau l t contro l
o f f l u i d movement t o the northeast may also account
f o r t he r e l a t i v e l y steep thermal gradients indicated
by the isotherms i n t h i s area.

The other zone o f anomalously high temperature
was intersected by a t l ess than 100 above the
500 m datum plane but s t i l l w i t h i n the contact zone.
Ava i lab le evidence suggests t h a t t h i s too i s a
loca l i zed feature and as such the two areas may have
a s i m i l a r  o r i g i n .  

Total extractabl e or potent l y extractable
stored heat energy f o r the 11 km d r i l l e d area o f t he
Okoy f i e l d has been assessed a t approximately 9000

years. For a p lan t l i f e o f 25 years t h i s
f i g u r e corresponds t o a maximum generating capaci ty
o f 360 megawatts, but as discussed elsewhere i n t h i s
paper a l a rge  pa r t  of t h i s resides i n the pluton
and e x p l o i t a b i l i t y has ye t t o be tested.
112.5 Palimpinon I power s ta t i on under con-
s t ruc t i on a t Puhagan represents the f i r s t stage o f
t he development of the Palimpinon f i e l d .
extent o f fu tu re development beyond t h i s f i g u r e w i l l
depend on several factors inc luding the performance
o f Palimpinon I , fur ther t e s t i n g of t he pluton and
a lso  the  f u l l extent o f the geothermal resource.
There i s evidence tha t the hydrothermal system
extends beyond the d r i l l i n g area, p a r t i c u l a r l y  t o  
t he south where some o f t h e highest subsurface
temperatures have been recorded. Supporting
evidence f o r t h e concept o f a source i n t h i s
d i rec t ion , possib ly underlying t h e Kaipohan area
where there a re numerous as vents i s provided
by the regional (Figure and deeper r e s i s t i v i t y
data. It thus appears 1i k e l y t h a t the Okoy, Baslay-
Dauin, Dobdob, Cal inawan and Siaton manifestat ions
which rad ia te from Cuernos de Negros share a c o m n
heat source.

The

The

Further d r i l l i n g i n Baslay-Dauin w i l l t e s t
t h i s thes is and conf i rm the f u l l extent o f the
resource.

The po in t has been made t h a t t he same general
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