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THE BULALO GEOTHERMAL RESERVOIR 
MAKILING-BANAHAO AREA, PHILIPPINES 

Philip H. )lesser and Val F. de l a s  A l a s  
Philippine Geothermal, Inc. 

P.O. Box 7336, Airport, Metro Manila, Philippines 

The Bu la lo  f i e l d ,  l o c a t e d  w i t h i n  t h e  Makiling-Banahao 
geothermal  p r o s p e c t ,  i s  be ing  explored  and developed by 
P h i l i p p i n e  Geothermal Inco rpora t ed  ( P G I ) ,  a branch of t h e  
Union O i l  Company o f  C a l i f o r n i a .  During t h e  p a s t  four 
y s a r s ?  twenty-eight  w e l l s  have been d r i l l e d  and completed 
i n  t h e  Bu la lo  h e a t  anomaly. These w e l l s  have d e f i n e d  a 
l a r g e  geothermal r e s e r v o i r  c h a r a c t e r i z e d  by a high-  
tempera ture  e f f l u e n t  which can be spontaneous ly  produced 
t o  g e n e r a t e  commercial power. 

An e x t e n s i v e  f l o w  t e s t i n g  program has  r e s u l t e d  i n  t h e  
p roduc t ion  of ove r  t h i r t e e n  b i l l i o n  pounds o f  r e s e r v o i r  
e f f l u e n t .  A f t e r  f l a s h i n g  t h e  s t e a m  t o  a tmospher ic  condi- 
t i o n s ,  n e a r l y  seven b i l l i o n  pounds of produced reservoir 
fluid have been reinjected into the Bulalo reservoir. In 
s p i t e  of t h e  l a r g e  q u a n t i t y  of r e s e r v o i r  e f f l u e n t  t h a t  h a s  
bcefi produced and r e i n j e c t e d ,  i n s u f f i c i e n t  t e s t i n g  h a s  been 
conducted t o  determine t h e  t o t a l  commercial power g e n e r a t i n g  
c a p a c i t y  o f  t h i s  l a r g e  l iquid-dominated r e s e r v o i r .  

The p r e l i m i n a r y  estimate o f  g e n e r a t i n g  c a p a c i t y  h a s  l e d  t o  
t h e  c u r r e n t  i n s t a l l a t i o n  of 220 MW. F i e l d  development f o r  
t h e  i n s t a l l a t i o n  of f o u r  55 MW u n i t s  i s  i n  p r o g r e s s .  The 
i n i t i a l  55 MW u n i t  i s  scheduled f o r  o p e r a t i o n  i n  J u l y ,  1 9 7 9 ,  
wi th  U n i t  2 t o  o p e r a t e  i n  t h e  f o u r t h  q u a r t e r  o f  1979 .  Con- 
t i n u e d  d r i l l i n g  and p roduc t ion  t e s t i n g  up t o  t h e  i n i t i a t i o n  
of com,ercial o p e r a t i o n  w i l l  a f f o r d  p e r i o d i c  reserve upda t ing  
and conf i rma t ion  f o r  a d d i t i o n a l  power g e n e r a t i n g  u n i t s .  
A f t e r  commercial power g e n e r a t i o n  commences, d a t a  w i l l  be 
a v a i l a b l e  t o  e s t a b l i s h  a m o r e  r e l i a b l e  estimate o f  t h e  
B u l a l o  f i e l d  p o t e n t i a l .  

I M ‘I: ROD UC T I ON 

A s  a r e s u l t  of t h e  i n c r e a s i n g  worldwide energy  crisis,  t h e  
economic harness ing  of a l t e r n a t e  energy s o u r c e s  has become 
m o r e  a t t r a c t i v e .  O f  p a r t i c u l a r  i n t e r e s t  i n  t h e  P h i l i p p i n e s  
i s  the development o f  geothermal  energy which h a s  been 
encouraged because of i t s  r e l a t i v e l y  l a r g e  p o t e n t i a l .  S e v e r a l  
geothermal  a r e a s  hdve been appra i sed  and r ecogn ized  by t h e  
P h i  Lippine government as having p o t e n t i a l  f o r  power genera-  
tion. One such  area, the Makiling--Banahao r e g i o n ,  h a s  been 
contracted t o  PGI for f u r t h e r  e x p l o r a t i o n  and subsequent  
devc lopmen t . 
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The Bula lo  geothermal anomaly is  one f i e l d  w i t h i n  t h e  
Makiling-Banahao area t h a t  has  been d i scove red  and i s  b e i n g  
developed by P G I .  During t h e  p a s t  f o u r  y e a r s ,  twenty-e ight  
w e l l s  have been d r i l l e d  and  completed i n  t h e  Bu la lo  h e a t  
anomaly. These w e l l s  have de f ined  a l a r g e ,  l iquid-dominated 
geothermal r e s e r v o i r  c h a r a c t e r i z e d  by a h igh- tempera ture  
e f f l u e n t  which can be produced t o  g e n e r a t e  commercial power, 

P G I  has  developed an a c t i v e  d r i l l i n g  and e x p l o r a t i o n  program 
which has  i n v e s t i g a t e d  approximately 7 .3  s q u a r e  k i l o m e t e r s  
(i800 acres) of t h e  Bu la lo  f i e l d  p rospec t .  Cont inua l  expan- 
s i o n  of t h i s  e x p l o r a t i o n  acreage  is  augmented by t h e  d r i l l i n g  
and completion of  a n  a d d i t i o n a l  w e l l  n e a r l y  eve ry  month, A 
comprehensive w e l l  t e s t i n g  program h a s  been developed t o  
understand and d e f i n e  t h e  geothermal reservoir c h a r a c t e r i s t i c s .  
However, t h e  u l t i m a t e  p roduc t ive  c a p a c i t y  and e x t e n t  of t h e  
Bu la lo  anomaly w i l l  on ly  be determined by f u t u r e  d r i l l i n g  and 
long-term product ion .  This  r e p o r t  describes what i s  c u r r e n t l y  
known about  t h e  Bula lo  f i e l d  w i t h i n  the Makiling-Banahao area. 

GEOLOGY 
_I_- 

T h e  Makiling-Banahao c o n t r a c t  area, as shown i n  F i g u r e  1, 
i s  l o c a t e d  i n  t h e  Laguna province  s o u t h e a s t  of Manila,  below 
the Laguna de Bay. The area i s  c h a r a c t e r i z e d  by s u r f a c e  
h o t  springs most p r e v a l e n t  nea r  t h e  town of Los Bafios  a t  
t h e  no r the rn  base  of t h e  Makiling volcano. Spas and thermal  
b a t h s  are popular  i n  t h i s  area. Other  h o t  s p r i n g s  and geo the r -  
R i a l  s u r f a c e  m a n i f e s t a t i o n s  are widely s p r e a d  between t h e  Maki- 
l i n g  and Banahao volcanoes i n  an area of several hundred 
squa re  k i lo ine te rs .  

The Bu la lo  f i e l d  i s  located t o  t h e  sou th  of t h e  Makil ing 
volcano.  The p r o s p e c t  i s  c u r r e n t l y  t h e  southernmost  geo- 
thermal anomaly t h a t  i s  be ing  a c t i v e l y  developed by PGI 
within t h e  Makiling-Banahao c o n t r a c t  area. The Bulalo 
f i e l d  i s  l o c a t e d  approximately s i x t y  k i l o m e t e r s  s o u t h e a s t  
of Manila a s  shown i n  F igu re  1. The area l i es  between 
t h e  Banahao and Makil ing volcanoes  and i s ,  i n  g e n e r a l ,  
c h a r a c t e r i z e d  by t u f f s ,  lahars  and  l a v a  f l o w s  of t h e  
b a s a l t i c - a n d e s i t e  t ype .  The Makiling v o l c a n i c s  are  o l d e r  
and  are o v e r l a i n  i n  areas by t h e  Banahao v o l v a n i c s  l e a d i n g  
t u  d i f f i c u l t y  i n  a c c u r a t e l y  d e f i n i n g  t h e  s t r a t i g r a p h y .  

The  d r i l l i n g  and product ion  t e s t i n g  programs have d e f i n e d  
the subsu r face  Bula lo  s t r u c t u r e  a s  a l a r g e  h e a t  anomaly 
p r i n c i p a l l y  composed of a f r a c t u r e d  a n d e s i t e  formation i n  
t h e  no r th  and c e n t r a l  p o r t i o n s ,  and a f r a c t u r e d  t u f f  t o  
the s o u t h e a s t .  The f r a c t u r e  system w i t h i n  the  reservoir 
i s  b e l i e v e d  t o  be  c o n t r o l l e d  by major f a u l t i n g ,  o r i e n t e d  
;iccord.iny t o  t h e  main nor th-south  r e g i o n a l  t r e n d ,  w i t h  
t ransverse  f a u l t i n g  t r e n d i n g  i n  t h e  e a s  t - n o r t h e a s t  d i r e c -  
t i o n .  
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S U Y M R Y  OF DRILLING OPERATIONS 

Twenty-eight w e l l s  have been completed i n  t h e  Bula lo  f i e l d  
by PGI s i n c e  January,  1975. These complet ions comprise t h e  
t o t a l  Bu la lo  f i e l d  exposure t o  date. The w e l l s  have been 
d r i l l e d  on a 0.26 square  k i lome te r  (65 acre) p a t t e r n ,  i n  
g e n e r a l ,  w i t h  approximately 7 .3  squa re  k i l o m e t e r s  (1800 acres) 
of t o t a l  r e s e r v o i r  exposed t o  d a t e .  The degree o f  i n f i l l  
d r i l l i n g  over t h e  economic p r o j e c t  l i f e  w i l l  be dependent 
upon a more a c c u r a t e  assessment  of t h e  reservoir. Each 
comnletion is  composed o f  a seven-inch p e r f o r a t e d  l i n e r  
suspended i n  a 9-5/8-inch cemented cas ing .  To ta l  dep ths  
rangz from n e a r l y  3 ,000  f e e t  f o r  complet ions l o c a t e d  i n  t h e  
cen t r a l  p o r t i o n  of t h e  f i e l d ,  t o  over 9 , 0 0 0  f ee t  i n  t he  
f l a n k  complet ions.  Wellbore exposures  r e f l e c t  t h e  commer- 
c ia l .  t empera ture  g r a d i e n t s  and p roduc t ive  i n t e r v a l s  encoun- 
t e r e d  i n  each  complet ion.  

Cool ing o f  t h e  geothermal format ion  r e s u l t s  f r o m  t h e  c i r c u -  
l a t i o n  of t h e  mud f l u i d s  du r ing  d r i l l i n g .  Normally, several  
months  of a s t a t i c  wel lbore  c o n d i t i o n  must fol low t h e  d r i l l -  
i n g  arid Completion phases  of  a w e l l  t o  adequa te ly  d e f i n e  t h e  
static bottomhole temperature  p r o f i l e .  Maximum s t a t i c  bottom- 
hole tempera tures  range from 520°F t o  655OF. I n d i v i d u a l  
w e l l  p roduc t ion  i s  a r e s u l t  of t h e  f l u i d s  associated w i t h  
t h e  inost permeable zones exposed t o  t h e  wellbore, which 
may n o t  be of maximum exposed tempera ture .  

SUPDIARY OF WELL TESTS 

Product ion  t e s t i n g  has  been regarded  as  an impor t an t  phase 
i n  t h e  assessment  o f  t h e  Bu la lo  r e s e r v o i r .  S u r f a c e  produc- 
t i on  equipment has  heen c o n s t r u c t e d  t o  afford a v a r i e t y  of 
flow t e s t i n g  c o n d i t i o n s  t o  cha rac t e i - i ze  each complet ion.  
During each  t es t  t h e  w e l l  i s  g e n e r a l l y  produced a t  commer- 
c i a l  o p e r a t i n g  c o n d i t i o n s  f o r  s u f f i c i e n t  f l o w  p e r i o d s  t o  
d e f i n e  t h e  s t a b l e  flow c h a r a c t e r i s t i c s  o f  each  w e l l .  

M o s t  of t h e  Bu la lo  complet ions have been s u b j e c t e d  t o  
several flow tests; however, t h r e e  f l a n k  comple t ions  w e r e  
i n i t i a l l y  a s s e s s e d  a s  having margina l  p r o d u c t i v e  c a p a c i t y  
and were conve r t ed  t o  injectors .  The produced f l u i d  i n  
tJie Ru la lo  f i e l d  has  always been r e i n j e c t e d  i n t o  t h e  reser- 
t.oir. T h i s  produced e f f l u e n t  has  been f l a s h e d  t o  atmos- 
p h e r i c  c o n d i t i o n s  and subsequent ly  r e i n j e c t e d ,  

EE S I2 RVO I R ASS E S S ME NT _-_. -..------- 

T h e  twenty-e ight  complet ions i n  t h e  Bu la lo  f i e l d  have d e f i n e d  
two t y p e s  of geothermal format ions .  T h e  n o r t h e r n  and central  
complekions have d e f i n e d  a h i g h l y  p r o d u c t i v e  a n d e s i t e  for- 
mati.on, w i t h  an a p p a r e n t l y  wel l -def ined  f r a c t u r e  network of 
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good rpermeabi l i ty  and commercial temperature .  
eastern complet ions have exposed a f r a c t u r e d  t u f f  format ion  
of h igh  temperature  and lower f l o w  c a p a c i t y .  Both fo rma t ions  
a r e  b e l i e v e d  t o  have s i m i l a r  f l u id - in -p lace  characterist ics 
and t h e  reserve p o t e n t i a l  i s  comparable fo r  b o t h  types  of 
f o r m a t i o n .  

The south- 

P r o d u c t i v i t y  C h a r a c t e r i s t i c s  The product ion  t e s t i n g  program 
ha5 de f ined  t h e  s t a b l e  t o t a l  m a s s  f low rates a t  a commercial 
o p e r a t i n g  p r e s s u r e  o f  1 4 0  p s i a .  Product ion  a t  t h i s  p r e s s u r e  
i s  a mixture  of s t e a m  and w a t e r ,  t h e  re la t ive  p r o p o r t i o n s  
depending p r i m a r i l y  upon t h e  r e s e r v o i r  f l u i d  e n t h a l p y .  Com- 
mercial t o t a l  m a s s  f l o w  rates f o r  t h e  B u l a l o  f i e l d  vary  f r o m  
130 ,000  l b s / h r  t o  833,000 l b s / h r .  Commercial s t e a m  rates for 
i n d i p i d u a l  complet ions range from 50,000 l b s / h r  t o  over 
275,000 l b s / h r .  

I n d i v i d u a l  s t e a m  rates have been found t o  v a r y  modera te ly  
w i t h i n  a c o n t r o l l e d  range  o f  economic p r e s s u r e  c o n d i t i o n s .  
The f i rs t  110 MW p l a n t ,  composed o f  Uni t s  1 & 2 ,  w i l l  
r e q u i r e  2 . 1  m i l l i o n  l b s / h r  of steam. Nine teen  p roduce r s  
have been a l l o c a t e d  t o  supply t h e  r e q u i r e d  s team f o r  
U n i t s  1 & 2 o p e r a t i o n .  

- I n j e c t i v i t y  C h a r a c t e r i s t i c s .  The produced w a t e r  f r o m  a l l  
t h e  f l o w  t e s t i n g  has  been r e i n j e c t e d  i n t o  t h e  r e s e r v o i r .  
N o  measurable i n j e c t i v i t y  loss  o r  s t a t i c  reservoir p r e s s u r e  
a l t e r a t i o n  has  been d e t e c t e d .  Although t h e  tempera ture  
of t h e  r e i n j e c t i o n  f l u i d  t o  d a t e  has  been 135OF, commercial 
o p e r a t i o n  w i l l  i nvo lve  t h e  d i s p o s a l  of produced f l u i d  a t  
325°F. The r e i n j e c t i o n  o f  f l u i d  a t  t h e  elevated t empera tu re  
w i l l  have t h e  b e n e f i t  of  reducing  any long-term damage 
phenomena; and less f l u i d  heat-up w i l l  be  r e q u i r e d  p r i o r  
t o  any subsequent  product ion  of  t h e  r e i n j e c t e d  f l u i d ,  i f  
such occur s .  

The steam product ion  requi rements  f o r  Un i t s  1 & 2 w i l l  lead 
t o  a r e i n j e c t e d  demand of 6 . 0  million l b s /h r  of produced 
f l u i d .  F ive  i n j e c t i o n  w e l l s  are c u r r e n t l y  p lanned  t o  d i s -  
pone of the 3 . 0  m i l l i o n  l b s / h r  of produced f l u i d s  associated 
w i t h  Unit  1. A d d i t i o n a l  i n j e c t i o n  c a p a c i t y  w i l l  be r e q u i r e d  
for commercial o p e r a t i o n  of  subsequent  u n i t s .  

L o i g - T e r m  Product ion  T e s t .  A long-term p r o d u c t i o n  tes t  
irtvo'lving the p roduc t ion  of f o u r  w e l l s  and r e i n j e c t i o n  
i n t o  one w e l l  has j u s t  been completed. The p roduc t ion  
for o v e r  six months demonstrated t h e  ve ry  s t ab le  f lowing  
c o n d i t i o n s  of t h e  Bu la lo  complet ions.  S e n s i t i v e  reservoir 
p r e s s u r e  r eco rd ing  in s t rumen t s  were located i n  t h r e e  i d l e  
w e l l s  sur rounding  t h e  producers .  P r e s s u r e  data  monitored . 
i n  each obse rva t ion  w e l l  i n d i c a t e d  a p r e s s u r e  r e sponse  
r e s u l t i n g  from t h e  p roduc t ion  t es t .  Analyses  of t h i s  
p r e s s u r e  i n t e r f e r e n c e  t e s t  are ongoing. 

- ------ 
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Rese rvo i r  D e  n i t i o n .  Along w i t h  t h e  e x t e n s i v e  product ion  
t e s t i n g ,  a C I  2 rehens ive  reservoir e n g i n e e r i n g  program 
has  been developed t o  d e f i n e  t h e  p roduc t ive  formation 
c h a r a c t e r i s t i c s .  P r e s s u r e  response  d a t a  fo l lowing  t h e  
m a j o r i t y  flow tes ts  have been monitored and t h e  a a a l y s e s  
o f  t h e  r e s u l t s  have i n d i c a t e d  a d e f i n i t e  t r e n d .  The 
c e n t r a l  complet ions,  which are g e n e r a l l y  t h e  sha l lower  w e l l s ,  
behave as a r a d i a l  flow system wi th  h igh  flow c a p a c i t y .  

The deepe r  f l a n k  complet ions a r e  g e n e r a l l y  dominated by 
v e r t i c a l  f r a c t u r e  behavior  wi th  less flow c a p a c i t y .  These 
r e s u l t s  have l e d  t o  t h e  c u r r e n t  f e e l i n g  t h a t  t h e  cen t r a l  
r e s e r v o i r  p o r t i o n  i s  composed o f  a f r a c t u r e d  m a t r i x  w i t h  
wel l -def ined  h o r i z o n t a l  and v e r t i c a l  f r a c t u r e  exposure.  
The deepe r  f l a n k  complet ions are b e l i e v e d  t o  expose p r i -  
m a r i l y  a v e r t i c a l l y  f racture-dominated system. P r e s s u r e  
bu i ldup  a n a l y s i s  has  i n d i c a t e d  t h a t  t h e s e  f l ank  complet ions 
expose ve r t i ca l  f r a c t u r e s  ranging  from 2 5  t o  175 f e e t  i n  
f r a c t u r e  h a l f - l e n g t h .  

Chemical a n a l y s e s  of t h e  produced f l u i d s  have de f ined  a 
r e s e r v o i r  b r i n e  c h a r a c t e r i z e d  by 2330 ppm chlorides,  1 6  
ppm c a l c i u m ,  3 8 5  ppm potassium, and 615 ppm silica with 
pll o f  6 . 6 .  
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