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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 rospec t ,  i s  be ing  exp lo red  and developed by 
P h i l i p p i n e  Geothermal Inco rpora t ed  ( ] ? G I ) ,  a branch  o f  t h e  
Union O i l  Company o f  C a l i f o r n i a .  
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 de f ined  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 h igh-  
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. 

During t h e  p a s t  f o u r  

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 su l t ed  i n  t h e  
p roduc t ion  of o v e r  t h i r t e e n  b i l l i o n  pounds of reservoir  
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  to a tmosphe r i c  condi-  
t i o n s ,  n e a r l y  seven b i l l i o n  pounds of produced reservoir 
f l n i d  have been r e i n j e c t e d  i n t o  t h e  Eiulalo reservoir. I n  
s p i t e  o f  t h e  l a r g e  q u a n t i t y  of reservoir e f f l u e n t  t h a t  h a s  
been 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  of  t h i s  l a r g e  l iquid- dominated reservoir. 

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  has l ed  t o  
t h e  c u r r e n t  i n s t a l l a t i o n  o f  2 2 0  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  progress. 
i n i t i a l  55 NV 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 ,  1979, 
w i 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 product 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 comnlercial 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 updat 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, data 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 more r e l i a b l e  est imate of t h e  
Bula lo  i i e l d  p o t e n t i a l .  

The 

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 h a r n e s s i n g  of a l t e r n a t e  energy sources has become 
more a t t rac tx ive .  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  t h e  development of gco thermal energy which h a s  been 
encouraged because of i t s  r e l a t i v e l y  large p o t e n t i a l .  S e v e r a l  
geothermal  arcas have been appra i sed  and r ecogn ized  by t h e  
P h i  Lippine yot'ernment as having p o t e n t i a l  €or power genera- 
tion. One such area, t h e  Makiling--Banahao r e g i o n ,  h a s  been 
cont rac ted  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 1 opine n t . 
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The Bula lo  geothermal anomaly i s  one f i e l d  w i t h i n  the  
Makiling-Banahao a r e a  t h a t  has  been discovered 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- 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  heat  
anomaly. These w e l l s  have d e f i n e d  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 c a n  be produced t o  g e n e r a t e  commercial power. 

PGI 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  Bula lo  f i e l d  p rospec t .  Cont inual  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 complet ion 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 has been developed t o  
unders tand and d e f i n e  t h e  geothermal r e s e r v o i r  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 produc t ion .  This  r e p o r t  d e s c r i b e s  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 -- 
T h e  Makiling-Banahao c o n t r a c t  a r e a ,  a s  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 
t h e  Laguna de  Bay. The a r e a  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  s p r i n g s  most p r e v a l e n t  near  t h e  town of Los Bafios a t  
t h e  n o r t h e r n  base  of t h e  Makiling volcano.  Spas and thermal  
b a t h s  a r e  p o p a l a r  i n  t h i s  a r e a .  Other h o t  s p r i n g s  and geo the r-  
mal s u r f a c e  m a n i f e s t a t i o n s  are widely sp read  between t h e  Maki- 
l i n g  and Banahao volcanoes i n  an  a r e a  of several hundred 
square  k i l o m e t e r s .  

The Bula lo  f i e l d  i s  l o c a t e d  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 
w i t h i n  t h e  Makiling-Banahao c o n t r a c t  area. The Bula lo  
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 igure  1. The a r e a  l i e s  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 lows of  t h e  
b a s i i l t i c - a n d e s i t e  type .  
and  a r e  o v e r l a i n  i n  a r e a s  by t h e  Banahao v o l v a n i c s  l e a d i n g  
to  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  arid product ion  t e s t i n g  programs have d e f i n e d  
thr; subsur face  Rula 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 o f  a f r a c t u r e d  a n d e s i t e  formation i n  
t h e  nor 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  s y s t e m  w i t h i n  t h e  r e s e r v o i r  
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 ien ted  
accord ing  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 r a n s v e r s e  f a u l t i n g  t r e n d i n g  i n  t h e  eas t - n o r t h e a s t  d i r e c-  
t i o n .  

The Makiling v o l c a n i c s  are o l d e r  
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SUYMARY OF DRILLING OPERATIONS 

Twenty-eight w e l l s  have been completed i n  t he  Bu la lo  f i e l d  
by PGI s i n c e  January ,  1975. These c:ompletions 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  reservoir exposed t o  date.  The degree of 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 
comnlet ion i s  composed of 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 .  
ran92 f r o m  n e a r l y  3 , 0 0 0  feet  fo r  complet ions  l o c a t e d  i n  t h e  
c e n t r a l  p o r t i o n  of t h e  f i e l d ,  t o  over 9 ,000  f ee t  i n  t h e  
f l a n k  complet ions .  
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- 
tered i n  each  complet ion.  

Total  dep ths  

Wellbore exposures  ref lec t  t h e  commer- 

Cooling 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  condi t icm must follow t h e  d r i l l -  
i n g  and complet ion phases  o f  a w e l l  t o  adequa te ly  d e f i n e  t h e  
s t a t i c  bottomhole tempera ture  p r o f i l e .  Maximum s t a t i c  bottom- 
holti t empera 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  o f  t h e  f l u i d s  a s s o c i a t e d  w i t h  
the itiost permeable zones exposed t o  t h e  wellbore, which 
may n o t  be of m a x i m u m  exposed tempera ture .  

SUMMARY 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  reservoir .  
t ion  equipment h a s  heen c o n s t r u c t e d  t o  a f fo rd  a v a r i e t y  of  
f low t e s t i n g  c o n d i t i o n s  t o  c h a r a c t e 2 i z e  each complet ion.  
During each  t e s 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  
defir ic t h e  s t a b l e  f l o w  c h a r a c t e r i s t i c s  of each  w e l l .  

S u r f a c e  produc- 

Most of t h e  B u l a l o  complet ions  have been s u b j e c t e d  t o  
several f l o w  tests; however, three f l a n k  comple t ions  w e r e  
i n i t i a l l y  assessed a s  having marginal  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  i n j e c t o r s .  
[.lie Hulalo f i e l d  has  always heen r e i n j e c t e d  i n t o  t h e  reser- 
tuir .  This produced e f f l u e n t  has been f l a s h e d  t o  atmos- 
pheric  condit:ions and subsequent ly  r e i n j e c t e d .  

The produced f l u i d  i n  

T h e  twenty-eight  complet ions  i n  t h e  Bula lo  f i e l d  have d e f i n e d  
twc; types of geothermal format ions .  The n o r t h e r n  and c e n t r a l  
corcpletions have de f ined  a h i g h l y  prloductive a n d e s i t e  for- 
ination, w i t h  a n  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 rpe rmeab i l i ty  and commercial tempera ture .  
eastern complet ions have exposed a f r a c t u r e d  t u f f  format ion  
of h igh  tempera ture  and lower flow c a p a c i t y .  Both fo rmat 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 i d- i n- p l a c e  c h a r a c t e r i s t i c s  
and t h e  reserve p o t e n t i a l  i s  comparable for  bo th  types  o f  
formation. 

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 p roduc t ion  t e s t i n g  program 
has  d e f i n e d  t h e  s t a b l e  t o t a l  mass flow rates a t  a commercial 
o p e r a t i n g  p r e s s u r e  of 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 wa te 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  mass flow rates  f o r  t h e  B u l a l o  f i e l d  vary  from 
130,000 l b s / h r  t o  833,000 l b s / h r .  Commercial steam rates for 
i n d i p i d u a l  comple t 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 team rates have been found to  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  of  economic p r e s s u r e  c o n d i t i o n s .  
The f i r s t  1 1 0  MW p l a n t ,  composed o f  Uni ts  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  o f  steam. Nineteen  p roducers  
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 t e a m  f o r  
U n i t s  1 & 2 o p e r a t i o n .  

I I x 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 water f r o m  a l l  
t h e  flow 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  r e s e r v o i r  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  t empera tu re  
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  o f  produced f l u i d  a t  
325°F. The  r e i n j e c t i o n  of  f l u i d  a t  t h e  e l e v a t e d  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  p roduc t ion  of t h e  r e i n j e c t e d  f l u i d ,  i f  
such occurs .  

The  s team produc t ion  requi rements  fo r  Uni t s  1 & 2 w i l l  l e a d  
t o  a r e i n j e c t e d  demand of 6 .0  m i l l i o n  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 -  
pose of the  3.0 m i l l i o n  l b s / h r  of produced f l u i d s  a s s o c i a t e d  
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  
f o r  commercial o p e r a t i o n  of subsequent  u n i t s .  

LoIg -Te rm Product ion  Test. A long- term p r o d u c t i o n  tes t  
i r ivoiving 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. 
for o v e r  six months demonstrated t h e  ve ry  s t a b l e  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 
pressure r e c o r d i n g  ins t ruments  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  d a t a  monitored . 
i n  e s c h  o b s e r v a t i o n  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 u s u l  t i n g  from t h e  p roduc t ion  t e s 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  tes t  are ongoing. 

The p roduc t ion  
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Rese rvo i r  D e f i n i t i o n .  
t e s t i n g ,  a comprehensive r e s e r v o i r  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  format ion 
character is t ics .  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  f low tests have been monitored and t h e  a n 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  the shallower w e l l s ,  
behave as a r ad i a l  f low system w i t h  h igh  f l o w  c a p a c i t y .  

Along w i t h  t h e  e x t e n s i v e  product ion  

The deepe r  f l a n k  complet ions  are 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  w i th  less f low 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  c e n t r a l  
r e s e r v o i r  p o r t i o n  i s  composed of 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 believed t o  expose p r i -  
m a r i l y  a v e r t i c a l l y  fracture-dominat.ed 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 a n k  complet ions  
expose ve r t i ca l  f r a c t u r e s  ranging  f r o m  2 5  t o  175 feet  i n  
f r a c t u r e  ha l f- leng th .  

C h e m i c a l  a n a l y s e s  of t h e  produced f l u i d s  have d e f i n e d  a 
r e s e r v o i r  bri .ne c h a r a c t e r i z e d  by 2330 ppm c h l o r i d e s ,  1 6  
ppm c a l c i u m ,  385 ppm potass ium,  and 6 1 5  ppm s i l i c a  wi th  
pII o f  6 . 6 .  
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