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AN OVERVIEW O F  GEOTHEF3UA.L DEVELOPlENT 

I N  T I W I  AND MAK-BAN, PHILIPPINES 

G. D .  Raasch, P h i l i p p i n e  Geothermal, I n c . ,  P h i l i p p i n e s  

INTRODUCTION 

Commercial-scale geothermal  development i n  the P h i l i p -  
p i n e s  began i n  1 9 7 2  w i t h  t h e  complet ion of  t h e  d i scove ry  
w e l l  i n  t h e  s o u t h e a s t e r n  p o r t i o n  of Luzon I s l a n d .  A second 
geothermal  anomaly w a s  d i scove red  i n  1975 on t h e  s o u t h e r n  
f l a n k  o f  M t .  Maki l ing,  f o r t y  m i l e s  sou th  of  Manila.  Both 
f i e l d s  are b e i n g  developed and o p e r a t e d  by P h i l i p p i n e  Geo- 
the rma l ,  I n c .  ( P G I ) ,  a wholly-owned s u b s i d i a r y  of  Union 
O i l  Company of C a l i f o r n i a .  C u r r e n t l y  t h e  P h i l i p p i n e s  r anks  
second worldwide i n  i n s t a l l e d  geothermal-powered e lec t r ica l  
g e n e r a t i o n  c a p a c i t y  w i t h  443 MW and P G I  h a s  developed 4 4 0  
PW of  t h e  4 4 3  MW coun t ry  t o t a l .  A d d i t i o n a l  g e n e r a t i o n  capa- 
c i t y  i s  planned o r  under c o n s t r u c t i o n  i n  b o t h  f i e l d s .  Over 
1 . 9  b i l l i o n  k i l o w a t t - h o u r s  of e lec t r ica l  p o w e r  have been 
produced t o  d a t e .  This  r e p r e s e n t s  a s a v i n g s  of  approximately 
t h r e e  m i l l i o n  b a r r e l s  of imported f u e l  o i l  f o r  power 
g e n e r a t i o n .  

TIWI FIELD OVERVIEW 

The T i w i  geothermal  f i e l d ,  l o c a t e d  220 m i l e s  s o u t h e a s t  
o f  Manila was d i scove red  i n  1 9 7 2  w i t h  t h e  complet ion and 
t e s t i n g  o f  w e l l  Naglagbong No. 1. Development and explo-  
r a t o r y  w e l l  d r i l l i n g  h a s  confirmed t h a t  a t  l eas t  3225 acres 
a r e  commercially p r o d u c t i v e .  F i g u r e  1 i s  a w e l l  l o c a t i o n  
map showing t h e  c u r r e n t  scale of development. The e a s t e r n  
p o r t i o n  of  t h e  f i e l d  h a s  been we l l -de f ined  by a series of  
d ry  and sub-commercial w e l l s ,  b u t  t h e  l i m i t s  o f  t h e  r e s o u r c e  
on t h e  wes te rn  s i d e  of t h e  f i e l d  have n o t  y e t  been d e t e r -  
mined. A s  o f  December 1, 1980, s ix ty - seven  w e l l s  have been 
d r i l l e d  and t h r e e  are c u r r e n t l y  be ing  d r i l l e d .  F o r t y - t h r e e  
w e l l s  a r e  commercially p roduc t ive .  The twenty-four remain- 
i n g  w e l l s  are non-commercial f o r  d i f f e r e n t  r easons :  
1) n i n e  wells have e x c e s s i v e l y  h igh  we l lbo re  s c a l i n g  ra tes ,  
2 )  s i x  w e l l s  a r e  t o o  c o r r o s i v e  f o r  t h e  carbon s teel  pro- 
d u c t i o n  system, 3 )  f i v e  w e l l s  are d r y  h o l e s  and d e f i n e  t h e  
e a s t e r n  l i m i t s  of  t h e  f i e l d ,  4 )  two w e l l s  w e r e  P and A due 
t o  mechanical problems d u r i n g  comple t ion ,  arId 5)  t w o  w e l l s  
w e r e  d r i l l e d  t o  monitor  p o s s i b l e  seawater encroachment from 
t h e  Lagonoy Gulf .  The average  w e l l  dep th  f o r  a l l  w e l l s  
d r i l l e d  t o  d a t e  i s  5040 f e e t .  The s h a l l o w e s t  commercial 
w e l l  i s  1574 f e e t  and t h e  d e e p e s t  i s  9 0 0 0  f e e t .  
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PRODUCTION SYSTEM 

The T i w i  p roduc t ion  system d i f f e r s  from most h o t  
w a t e r  geothermal  p roduc t ion  systems i n  i t s  use  of s a t e l l i t e  
s t a t i o n s ,  r e g i o n a l  community s e p a r a t o r s  t h a t  c o l l e c t  t h e  
p roduc t ion  from t h r e e  t o  s i x  w e l l s  and s e p a r a t e  t h e  steam 
from t h e  b r i n e  a t  1 4 0  p s i a .  This  t ype  of a p roduc t ion  
system e l i m i n a t e s  t h e  need f o r  long  d i s t a n c e  two-phase 
p i p e l i n e s .  High p r e s s u r e  steam and h igh  p r e s s u r e  b r i n e  
f low from s e v e r a l  s a t e l l i t e  s t a t i o n s  t o  t h e  p l a n t  s t a t i o n  
l o c a t e d  a d j a c e n t  t o  each power p l a n t .  A t  t h e  p l a n t  s ta -  
t i o n  t h e  h igh  p r e s s u r e  steam p a s s e s  through a sc rubbe r  and 
t h e n  t o  t h e  power p l a n t .  The h igh  p r e s s u r e  w a t e r  f lows  t o  
a l o w  p r e s s u r e  s e p a r a t o r  o p e r a t i n g  a t  40  p s i a .  The low 
p r e s s u r e  steam flows from t h e  s e p a r a t o r  through a s team 
s c r u b b e r  t o  t h e  power p l a n t .  The b r i n e  from t h e  low 
p r e s s u r e  s e p a r a t o r  f lows  t o  a l a r g e  c o n c r e t e  d i f f u s e r  where 
it i s  f l a s h e d  t o  t h e  atmosphere.  The r e s i d u a l  b r i n e  f lows  
by c a n a l  t o  t h e  s e a .  A s i m p l i f i e d  flow diagram i s  shown 
i n  F igu re  2 .  

E l e c t r i c a l  power g e n e r a t i o n  i s  accomplished by two 
55 MW dua l -p res su re ,  dual-f low Toshiba t u r b i n e - g e n e r a t o r s  
i n s t a l l e d  i n  each of two power p l a n t s .  The t o t a l  p l a n t  
s team requi rements  a r e  1 , 8 4 0 , 0 0 0  l b s / h r  of 1 1 5  p s i a  s team. 
and 6 5 0 , 0 0 0  l b s / h r  of  35 p s i a  s t e a m  a t  s a t u r a t e d  c o n d i t i o n s .  
An a d d i t i o n a l  power p l a n t  c o n t a i n i n g  two 55 MW dual-f low 
t u r b i n e s  is  c u r r e n t l y  under c o n s t r u c t i o n ,  and should  be 
f u l l y  o p e r a t i o n a l  by t h e  f i r s t  q u a r t e r  of 1 9 8 2 .  

More than  134 b i l l i o n  pounds of  f l u i d  have been pro- 
duced from t h e  T i w i  r e s e r v o i r  as a r e s u l t  of r e s e r v o i r  
t e s t i n g  and e l e c t r i c a l  g e n e r a t i o n .  Over 1.1 b i l l i o n  n e t  
k i lowa t t -hour s  of e l ec t r i ca l  power have been produced i n  
less t h a n  t w o  y e a r s  of commercial o p e r a t i o n .  

RES E RVO I R DE S C R I  PT I ON 

The T i w i  geothermal anomaly i s  p r i m a r i l y  a l i q u i d -  
dominated r e s e r v o i r .  P roduc t ion  is  from a h i g h l y  f r a c t u r e d  
a n d e s i t e .  The e n t i r e  r e g i o n  i s  g e o l o g i c a l l y  ve ry  a c t i v e .  
Numerous seismic e v e n t s  are recorded  each month. The 
dominant f e a t u r e  i n  t h e  w e s t e r n  p o r t i o n  of t h e  f i e l d  i s  
t h e  Malinao volcano.  The ex t remely  rugged topography i n  
t h i s  a r e a  h a s  been a d e t e r e n t  t o  development. Exp lo ra to ry  
d r i l l i n g  h a s  begun t h i s  y e a r  i n  t h i s  area. The e a s t e r n  
p o r t i o n  of t h e  f i e l d  is  very  f l a t  and covered by r ice  f i e l d s .  
I t  is  i n  t h i s  area t h a t  m o s t  o f  t h e  development has  taken  
p l a c e .  

The maximum s t a t i c  we l lbo re  t empera tu re  v a r i e s  from 
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510°F up t o  575OF. The t y p i c a l  produced f l u i d  compo- 
s i t i o n  is: 4500 ppm C1 , 2450 ppm N a + ,  4 7 1  ppm K+, 4 4 0  ppm 
Si02+,  58 ppm C a + + ,  w i th  a n  average  pH of  6 . 0 .  
chemical  s p e c i e s  a r e  less t h a n  50 ppm each .  

A l l  o t h e r  

Each w e l l  i s  f low t e s t e d  f o r  5 t o  2 0  days s h o r t l y  a f t e r  
complet ion.  Upon s h u t - i n  a p r e s s u r e  b u i l d u p  i s  taken .  
Most w e l l s  behave a s  i f  t hey  are v e r t i c a l l y  f r a c t u r e d  i n  
a n  i n f i n i t e  system, w i t h  w e l l b o r e  s t o r a g e .  The permea- 
b i l i t y - t h i c k n e s s  p roduc t  (kh)  f o r  T i w i  w e l l s  r anges  from 
1 0 0 0  md-ft t o  g r e a t e r  t h a n  1 5 0 , 0 0 0  md-ft. The s k i n  v a l u e s  
are g e n e r a l l y  s l i g h t l y  n e g a t i v e  b u t  range  from +40 t o  -10 .  
I n  a d d i t i o n  t o  t h e  i n d i v i d u a l  w e l l  t e s t s ,  t w o  long-term 
p roduc t ion  tests have been conducted.  Both tests have 
confirmed s u f f i c i e n t  r e s e r v e s  f o r  a t  l e a s t  330 megawatts 
f o r  t h i r t y  y e a r s .  I n  a d d i t i o n  t o  t h e  tests,  t h e  reservoir 
p r e s s u r e  response  t o  p roduc t ion  i s  con t inuous ly  monitored.  
F i v e  w e l l s  are o u t f i t t e d  w i t h  n i t rogen-charged  Sperry-Sun 
c a p i l l a r y  tubes. S u r f a c e  p r e s s u r e s  are measured d a i l y  i n  
t h e s e  w e l l s .  Moreover, downhole p r e s s u r e  are monitored 
weekly i n  f o u r  w e l l s  w i t h  Kus te r  p r e s s u r e  bombs. I n  t h i s  
manner, a c o n s t a n t  s u r v e i l l a n c e  i s  k e p t  on t h e  r e s e r v o i r .  

SUblMARY 

The T i w i  anomaly i s  a h igh  t empera tu re  low s a l i n i t y  
r e s o u r c e .  The e x t e n s i v e  r e s e r v o i r  p r e s s u r e  r e sponse  t o  
p roduc t ion  and t h e  comple t ion  o f  67  w e l l s  have d e f i n e d  
a minimum of  3225 acres of  p r o d u c t i v e  r e s e r v o i r .  The 
i n s t a l l e d  e lec t r ica l  g e n e r a t i n g  c a p a c i t y  i s  c u r r e n t l y  
220 megawatts w i t h  an a d d i t i o n a l  1 1 0  megawatts under 
c o n s t r u c t i o n  and scheduled  f o r  commercial o p e r a t i o n  i n  
e a r l y  1982. More t h a n  1.1 m i l l i o n  megawatt-hours of 
e lec t r ica l  power have been  produced i n  less t h a n  t w o  y e a r s  
o f  o p e r a t i o n .  

MAK-BAN FIELD OVERVIEW 

A d e t a i l e d  review of  t h e  Mak-Ban f i e l d  ( a t  t h e  t i m e  
it w a s  c a l l e d  Bu la lo )  w a s  p r e s e n t e d  a t  t h e  Four th  Annual 
S t a n f o r d  Geothermal Workshop by P .  H .  Messer and P .  F. d e  
l a s  A l a s  i n  1978. Th i s  i s  a n  update  of  t h e i r  p r e s e n t a -  
t i o n .  S i x t y - f o u r  w e l l s  have been d r i l l e d  s i n c e  t h e  d i sco -  
ve ry  w e l l ,  B u l a l o  No. 1, w a s  completed i n  1975. F i g u r e  3 
i s  a w e l l  l o c a t i o n  map a l so  showing t h e  power p l a n t  s i tes .  
Four e x p l o r a t o r y  w e l l s  have been d r i l l e d  a t  t h e  Maibarara  
p r o s p e c t  l o c a t e d  approximate ly  t h r e e  m i l e s  nor thwes t  of 
t h e  Mak-Ban f i e l d .  A d d i t i o n a l  d r i l l i n g  i s  c u r r e n t l y  i n  
p r o g r e s s  t o  e v a l u a t e  t h e  e x t e n t  o f  t h e  Maibarara  p r o s p e c t .  
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Of the s i x t y - f o u r  w e l l s  d r i l l e d  a t  Mak-Ban, for ty- two are 
commercially p r o d u c t i v e .  E i g h t  w e l l s  are non-commercial 
f o r  t h e  fo l lowing  r easons :  f o u r  w e l l s  are d r y  holes ,  
three w e l l s  have mechanical  r e s t r i c t i o n s  p r e v e n t i n g  pro- 
d u c t i o n ,  one w e l l  is too c o r r o s i v e  t o  produce. An addi -  
t i o n a l  f o u r t e e n  w e l l s  have been d r i l l e d  as i n j e c t i o n  w e l l s .  
E i g h t  o f  these w e l l s  have been d r i l l e d  on t h e  f i e l d  
p e r i p h e r y  and s i x  w e l l s  are l o c a t e d  a d j a c e n t  t o  producing 
w e l l s .  

PRODUCTION SYSTEM 

The Mak-Ban p roduc t ion  system i s  s i m i l a r  t o  T i w i  i n  
i t s  use  of s a t e l l i t e  s t a t i o n s  w i t h  one s i g n i f i c a n t  d i f f e r -  
ence .  A f t e r  s e p a r a t i o n  i n  Mak-Ban, t h e  h igh  p r e s s u r e  
b r i n e  i s  i n j e c t e d  back i n t o  t h e  r e s e r v o i r .  The h igh  
p r e s s u r e  steam f l o w s  through steam s c r u b b e r s  and on t o  
t he  power p l a n t .  E lec t r ica l  power g e n e r a t i o n  i s  accom- 
p l i s h e d  by f o u r  M i t s u b i s h i  55-megawatt s i n g l e - p r e s s u r e ,  
dual-f low t u r b i n e - g e n e r a t o r s .  A s  of December 1, 1 9 8 0 ,  
77 b i l l i o n  pounds of  geothermal  f l u i d  have been produced 
i n  Mak-Ban. Over 34 b i l l i o n  pounds of b r i n e  have b e e n  
i n j e c t e d  back i n t o  the r e s e r v o i r  w i t h  no observed  n e g a t i v e  
e f f e c t s .  Th i s  l e a v e s  a n e t  withdrawal  f r o m  , t he  Mak-Ban 
r e s e r v o i r  of 4 3  b i l l i o n  pounds. Th i s  n e t  wi thdrawal  
i n c l u d e s  n o t  on ly  the steam r e q u i r e d  f o r  e lec t r ica l  power 
g n e r a t i o n  b u t  a l s o  t h e  e x t e n s i v e  w e l l  t e s t i n g  t h a t  w a s  
performed i n  t h e  y e a r s  p r i o r  t o  commercial s t a r t u p .  A 
t o t a l  of  800 thousand megawatt-hours have been produced 
i n  Mak-Ban. 

MAK-BAN SUMMARY 

Exp lo ra to ry  and development d r i l l i n g  i n  Mak-Ban 
have d e f i n e d  t h e  l i m i t s  o f  t h i s  anomaly. I t  cove r s  2200 
acres and c o n t a i n s  s u f f i c i e n t  r e s e r v e s  f o r  a t  least  2 2 0  
megawatts of e lec t r ica l  g e n e r a t i o n  fo r  t h i f t y  y e a r s .  
A d d i t i o n a l  d r i l l i n g  i n  t h e  Maibrara  area may conf i rm a 
r e s o u r c e  s u f f i c i e n t  f o r  commercial power g e n e r a t i o n .  
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MAK-BAN FIELD 

KEY 

FIGURE 3 

0 WELLS 
DRY HOLE 

'.., DIRECTIONAL HOLE 

f INJECTION WELLS - ROAD 

SCALE 




