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ABSTRACT 

F i e l d  mon i to r ing  and t e s t i n g  have been under taken i n  
t h e  Tongonan Geothermal F i e l d  s i n c e  t h e  commissioning 
of t h e  f i r s t  112.5 Nw las t  March 1983. Well pe r fo r-  
mance and e a r l y  e x p l o i t a t i o n  d a t a  show t h e  c!ianging 
phases  of t h e  geothermal  f l u i d  caused  by e x p l o i t a t i o n .  
An i n c r e a s i n g  en tha lpy  and c h l o r i d e  b r i n e  i n  produc- 
t i o n  w e l l s  is a g e n e r a l  f e a t u r e  i n  t h e  f i e l d .  
Appa ren t ly ,  because  of t h e  two phase  c o n d i t i o n ,  t h e  
p r e s s u r e  drawdown is on ly  l o c a l i z e d  and h a s  no t  been 
s i g n i f i c a n t l y  observed a t  t h e  c e n t e r  of t h e  f i e l d .  

I n d i c a t i o n s  of s l i g h t  r e i n j e c t i o n  r e t u r n s  are notice- . 
a b l e  b u t  i s  no t  a major  f e a t u r e  i n  t h e  p roduc t ion  
wells. T h i s  paper  w i l l  d i s c u s s  t h e  i n i t i a l  e x p l o i t a-  
t i o n  r e sponse  of t h e  w e l l s  which a r e  d r i l l e d  through 
a s e c t i o n  of two phase  and s i n g l e  phase  l i q u i d  
dominated r e s e r v o i r  of Tongonan 

INTRODUCTIOX 

The e x p l o i t a t i o n  of Tongonan Geothermal F i e l d  com- 
cenced a f t e r  t h e  commissioning of t h e  3 x 37.5 
(112.5 Piw) power p l a n t  i n  t h e  e a r l y  p a r t  of 1983. 
Twelve (12)  p roduc t ion  wells d i s t r i b u t e d  i n  t h e  Lower 
Hahiao and Sambaloran S e c t o r s  (F igu re  1) a r e  used t o  
supp ly  s t eam t o  t h e  power p l a n t .  T o t a l  w e l l s  c a p a c i t y  
is e s t i m a t e d  a s  134 Mwe. The was t e  wa te r  e f f l u e n t s  
a r e  r e i n j e c t e d  a t  f o u r  ( 4 )  r e i n j e c t i o n  wells d r i l l e d  
i n  t h e  sou thwes t e rn  f l a n k  of t h e  two p roduc t ion  
s e c t o r s .  

Within  t h e  i s l a n d  of Ley te  and Samar which compose 
t h e  power g r i d ,  no o t h e r  p l a n t  e x i s t s  excep t  t h e  
Tongonan I power s t a t i o n .  Because of t h i s ,  t h e  
p l a n t  i s  des igned  on a v a r i a b l e  l oad  b a s i s  such t h a t  
i t  w i l l  ab so rb  a l l  t h e  f l u c t u a t i o n s  of t h e  g r i d ,  e . g . ,  
t h e  b a s e  and t h e  peak load  demand. A d e t a i l e d  des-  
c r i p t i o n  of t h e  s y s t e m  o p e r a t i o n  i s  d i s c u s s e d  by 
Vasquez (1985) .  A t  p r e s e n t  t h e  l oad  demand i n  t h e  
g r i d  h a s  reached a peak of about  68 :fw w i t h  an 
ave rage  l o a d  of abou t  40 Mw. T h i s  r e q u i r e s  s team 
consumption of about  181 k g / s  and 131 kg / s  respec-  
t i v e l y  f o r  t h e  t h r e e  t u r b i n e s .  

The low power demand and t h e  low s team consumption 
provided t h e  management of t h e  f i e l d  more f l e x i b i l i -  
t i e s  i n  terms of op t imiz ing  p roduc t ion  i n  t h e  bore-  
f i e l d .  P o l i c i e s  a r e  drawn t o  ma in t a in  s u f f i c i e n t  
supp ly  of s team t o  t h e  p l a n t  w i thou t  exposing any 
w e l l  to  o v e r - e x p l o i t a t i o n .  Wells are  c l a s s i f i e d  a s  
base  arid c o n t r o l  wells. Base w e l l s  a r e  used t o  
supp ly  t h e  base  l o a d  requirement  w h i l e  c o n t r o l  wells 
pick-up t h e  s u r g e  i n  t h e  demind. Wells a r e  f u r t h e r  
p r i o r i t i z e d  i n  such a way t h a t  p roduc t ion  and dr3i.l- 
down i n  t h e  f i e l d  wiSi be minimized and d i s t r i b u t e ? .  

Toda te ,  app rox ima te ly  3 .9  s 10'' kg were withdrawn 
and 8 . 9  x l o 9  kg were r e i n j e c t e d  back t o  t he  r e s e r - r o i r .  
Some changes  i n  t h e  ou tpu t  and t h e  p h y s i c a l  c h a r a c t e -  
r i s t i c s  of t h e  w e l l s  a r e  observed and w i l l  be t r e a t e d  
i n  g e n e r a l  i n  t h i s  paper .  
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Figure  1 Well l o c a t i o n  map of t h e  Tons.man 
Geothermal F i e l d  

RESERVOIR D ESC RIPT I O N  

The Tongonan geothermal  r e s e r v o i r  i s  a l i q u i d  domi- 
na ted  type  w i t h  a two phase  zone ove r ly ing  t h e  l i q u i d  
phase i n  i t s  n a t u r a l  s t a t e .  R e s u l t s  of t h e  l a s t  
d r i l l e d  w e l l s  provided i n f o r m a t i o n s  t h a t  enab le  the  
s u b d i v i s i o n  of t h e  f i e l d  i n t o  t h r e e  (3 )  a r e a s  
acco rd ing  t o  i t s  thermodynamic c h a r a c t e r i s t i c s :  

i. Pfahiao/Sambaloran upwe l l i ng  zone wi th  a 
measured downhole t empera tu re  of 270-334°C- 
Wells a r e  c h a r a c t e r i z e d  by flow of two 
phase  f l u i d  w i t h  some wells d i s c h a r g i n g  
f l u i d  en tha lpy  n e a r l y  co r r e spond ing  t o  
s tcam.  
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ii. Mahiao/Sambaloran l i q u i d - f i l l e d  ou t f low a r e a  . Tab le  1 !Jell U t i l i z a t i o n  s c h e d u l e  f o r  Tongonan I 

w i t h  downhole t empera tu re  of 350-310°C a t  a c e r t a i n  l oad  demand. 
c h a r a c t e r i z e d  by s i n g l e  phase l i q u i d  
d i s c h a r g e .  

iii. Xahanagdong anomaly which i s  s e p a r a t e d  from 
Na l i t bog  by t h e  klamban a r e a  and i s  charac-  
t e r i z e d  by h igh  t empera tu re s  r ang ing  from 
250-321°C w i t h  s i n g l e  phase l i q u i d  
d i s c h a r g e .  T h i s  anomaly is i n i t i a l l y  
i n t e r p r e t e d  as s e p a r a t e d  from t h e  above 
two ( 3 )  s e c t o r s  a l t h o u g h  more. ev idence  
are s t i l l  r e q u i r e d  t o  r e i n f o r c e  t h e  model. 

The two phase  zone i n  most of t h e  w e l l s  i n  t h e  Mahiao 
and t h e  Sambaloran s e c t o r s  are i d e n t i f i e d  s t a r t i n g  a t  
-800m. The i n t e r p r c t e d  upf low is l o c a t e d  i n  t h e  
c e n t r a l  v i c i n i t y  of 20B and 410 i n  t h e  r.orth and 
n o r t h e a s t  p a r t  of t h e  f i e l d .  Heat i n  t h e  f i e l d  i s  
d e r i v e d  by p roduc t ion  and convec t ion  and i n f e r r e d  t o  
b e  o r i g i n a t i n g  from t h e  Y ih i ao  P l u t o n i c  complex. 
Xaximum p e r m e a b i l i t i e s  a r e  a t t r i b u t e d  t o  t h e  c o n t a c t  
of t h e  p l u t o n  and t h e  v o l c a n i c s  which i s  r e f e r r e d  t o  
as t h e  c o n t a c t  zone. 

The upper  two phase  zone is u n d e r l a i n  by a hydro-  
s t a t i c  column of wa te r  having a g r a d i e n t  of .8 MA/ 
loom. The ou t f low i s  s t r o n g l y  i n d i c a t e d  i n  t h e  
Xa l i t bog  s e c t o r  based on t h e  r e l a t i v e l y  low p r e s s u r e ,  
f l u i d  chemis t ry  i n d i c a t o r s  and t empera tu re  r e v e r s a l s  
i n  many wells. 

A t  f u l l  bo re  d i s c h a r g e  c o n d i t i o n  (FBD), t h e  upper 
zone dosl inates  producing f l u i d  of h igh  en tha lpy .  On 
t h e  o t h e r  hanu, at t h r o t t l e d  c o n d i t i o n ,  t h e  two phase 
zone i s  suppres sed  and d i s c h a r g e  f l u i d  is  predomi- 
n a n t l y  s i n g l e  phase .  I n  some wells,  c y c l i n g  occu r s  
between t h e  upper and lower  s i n g l e  phase  zones .  
Wells 208 and 205 (shal low)  b a s i c a l l y  r e p r e s e n t  ' 

t y p i c a l  wells t e rmina t ed  i n  t h e  two phase zone w i t h  
d i s c h a r g e  e n t h a l p y  of 2657 and 2338 kJ/kg.  P r e s s u r e  
p r o f i l e s  were vapor s t a t i c  w i t h  maximum t empera tu re s  
r ang ing  from 220-280°C r e s p e c t i v e l y .  

The r e s e r v o i r  c h l o r i d e  r anges  from 5307-8775 ppm and 
6715-9206 ppm for lower  Mahiao and Sambaloran w e l l s  
r e s p e c t i v e l y .  High c h l o r i d e  c o n c e n t r a t i o n  p e r s i s t s  
e a s t e r l y  i n  t h e  d i r e c t i o n  of Mahiao and Sambaloran 
w e l l s  which are t h e  s e c i o r s  p rov id ing  s team t o  t h e  
power p l a n t .  

FIELD WAGEMENT STRATEGY 

As p r e v i o u s l y  ment ioned,  t h e  e x c e s s  c a p a c i t y  of t h e  
wells due t o  t h e  low power demand on t h e  g r i d  p r o v i d e s  
f i e l d  management g r e a t e r  f l e x i b i l i t i e s  i n  u t i l i z i n g  
w e l l s .  Drawdown i n  t h e  upper  two phase  zone i s  
minimized i n  o r d e r  t o  reduce  t h e  r i s k  of premature  
i n t r u s i o n  of c o l d  s u r f a c e  water. T h i s  i s  done by 
t h r o t t l i n g  t h e  d i s c h a r g e  of most of t h e  w e l l s  such 
t h a t  t h e  bot tom s i n g l e  phase  zone w i l l  dominate.  
Big w e l l s  are used as c o n t r o l  w e l l s  w h i l e  small 
wells a r e  used as base  w e l l s .  T a b l e  1 shows t h e  w e l l  
u t i l i z a t i o n  and p r i o r i t i z a t i o n  s c h e d u l e  a t  a c e r t a i n  
l oad  demand. 

F l u i d  s e p a r a t i o n  of w e l l s  d r i l l e d  i n  t h e  Lower 
Ehhiao and Sambaloran s e c t o r s  are done through two 
(2 )  d i f f e r e n t  s e p a r a t o r s  s t a t i o n s .  Each s e p a r a t o r  
s t a t i o n  h a s  two ( 2 )  r e i n j e c t i o n  w e l l s  f o r  was t e  
wa te r  d i s p o s a l .  A t  any one t i m e ,  only  one w e l l  i s  
u t i l i z e d  i n  o r d e r  t o  minimize exposure  t o  any r e i n -  
j e c t i o n  damage. One  is  always a c t i n g  as a r e s e r v e  
w e l l  i n  c a s e  t h e r e  i s  a w e l l  f a i l u r e  o r  maintenance 
a c t i v i t y  t o  be conducted.  
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WELLS RESPONSE TO FXPLOITATIOY 

. F i g u r e  2 shows t h e  e x p l o i t a t i o n  h i s t o r y  of all t h e  
wells i n  t h e  steam g a t h e r i n g  sys tem (SGS). The p l a n t  
has  been on p r o d u c t i o n  for a cumula t ive  number of 833 
days .  The f r e q u e n t  c u t t i n g  i n  and o u t  of t h e  wells 
r e f l e c t s  t h e  r e sponse  of t h e  sys tem on the f l u c t u a-  
t i n g  load .  

F igu re  2 Well p roduc t ion  h i s t o r y  f o r  t h e  f i r s t  
two (2 )  y e a r s  of Tongonan I o p e r a t i o n .  
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The w e l l s  are c l o s e l y  monitored by conduc t ing  s p o t  
o u t p u t  tests over  a s h o r t  p e r i o d  of t ime ,  normally 
one  (1) hour .  T h i s  i s  done by bypass ing  t h e  w e l l  
d i s c h a r g e  Erorn t h e  SCS t o  t h e  s i l e n c e r  a f t e r  pro-  
duc ing  f o r  a t  l e a s t  a week i n  t h e  SGS a t  a c o n s t a n t  
w e l l  head p r e s s u r e .  The o p e r a t i n g  VTHP is s i m u l a t e d  
u s i n g  t h e  s i d e  v a l v e  d u r i n g  t h e  t e s t .  The d i s c h a r g e  
r e s u l t s  are used  as t h e  c u r r e n t  o u t p u t  of t h e  wells 
a t  t h a t  p a r t i c u l a r  hVP. I n  sone c a s e s ,  w e l l s  a r e  
t e s t e d  € o r  one week t o  c o n f i r x  s i g n i f i c a n t  changes 
i n  t h e  o b s e r v a t i o n .  Simultaneous chemica l  moni to r ing  
is a l s o  under taken  t o  t r a c e  f l u i d  c h e m i s t r y  changes.  
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F i g u r e s  3 , 4  and 5 show t h e  p l o t  of massflow and 
e n t h a l p y  v s .  WHP of w e l l s  i n  Plahiao t aken  from 1983- 
1985. A g e n e r a l  i n c r e a s e  i n  e n t h a l p y  i s  no ted  a f t e r  
long  term e x p l o i t a t i o n  even though n o s t  of t h e  w e l l s  
were under  t h r o t t l e d  c o n d i t i o n .  T h i s  iriiplies t h a t  
t h e  two pt-~ase f r o n t  h a s  now reached t h e  b o t t o x  p a r t  of 
t h e  w e l l s .  

i jcll  106 which was d r i l l e d  a t  t h e  p e r i p h e r y  of  t h e  
f i e l d  and used as a second p r i o r i t y  w e l l  h a s  been 
t h e  s u b j e c t  of s u b s t a n t i a l  changes.  It h a s  been on 
l i n e  f o r  a t o t a l  of 299 days w i t h  a t o t a l  d i s c h a r g e  
of 6 . 1  x lo8 kg. 

The w e l l  was n o t  t e s t e d  f o r  a long  t e r n  p e r i o d  
b e f o r e  e x p l o i t a t i o n .  I n i t i a l  d a t a  a t  FBD y i e l d e d  an  
e n t h a l p y  of  1950 kJ/kg a t  .37 Wa implying two phase- 
c o n d i t i o n .  The w e l l  was t h r o t t l e d  a t  .59 >Pa i n  
o r d e r  t o  b e  used f o r  t h e  SGS. Three months a f t e r  
e x p l o i t a t i o n ,  e n t h a l p y  s u b s t a n t i a l l y  i n c r e a s e d  f r o m  
1950 kJ /kg  t o  2600 kJ/kg.  The l a t t e r  i s  v e r y  c l o s e  
t o  t h a t  of t h e  s a t u r a t e d  s team en tha lpy .  

F igure  4 Well 105D Output  Graph from 1983-1985. 
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Nearby w e l l s  102 ,  1 0 1  and 1 0 3  were a l s o  observed t o  
have i n c r e a s e d  e n t h a l p y .  These wells are s i m i l a r l y  
back p r e s s u r e d  i n  o r d e r  t o  s u p p r e s s  t h e  upper  two 
phase zone. Only w e l l s  108 and 105D a p p e a r  t o  be  
i n s i g n i f i c a n t l y  a f f e c t e d  by e x p l o i t a t i o n .  Output  
d a t a  of w e l l  1 0 8  a r c  s t i l l  w i t h i n  t h e  b a s e l i n e  d a t a  
a l t h o u g h  e n t h a l p y  of 2100-2300 kJ /kg  have been 
measured. Well 105D is s t i l l  d i s c h a r g i n g  f l u i d  of 
1500-1600 kJ /kg  which i s  v e r y  c l o s e  t o  t h a t  of t h e  
p r e- e x p l o i t a t i o n  d a t a .  However, i t  is a p p a r e n t  t h a t  
t h e  upper  zone which was on ly  predominant a t  FBD now 
a l s o  predominates  a t  t h r o t t l e d  c o n d i t i b n .  

I n  t h e  Sambaloran s e c t o r ,  w e l l s  appear  t o  have 
minimal changes i n  t h e  o u t p u t .  F i g u r e  6 shows 
t y p i c a l  w e l l  o u t p u t  t aken  from 1983 t o  1985. 
There h a s  been less s i g n i f i c a n t  changes on t h e  
mass f l o w  and e n t h a l p y  a t  similar WHP b e f o r e  and 
d u r i n g  e x p l o i t a t i o n .  

Wells 213, 214 and 215 a r e  observed t o  have o u t p u t  
d a t a  which a r e  w i t h i n  t h e  range  of t h e  i n i t i a l  test 
r e s u l t s .  However, t h e r e  i s  a n  i n c r e a s i n g  t r e n d  
t h a t  i s  r e l a t i v e l y  s lower  t h a n  i n  t h e  Fah iao  w e l l s .  
T h i s  is  w e l l  no ted  b u t  no d e f i n i t e  c o n c l u s i c n  can  
b e  g iven .  Enthalpy ranges  from 1450 t o  1750 kJ/kg.  
Output  d e c l i n e  a t  w e l l  209A, t h e  b i g g e s t  (18 Mw) ' 

and d e e p e s t  well d r i l l e d  i n  t h e  f i e l d  i s  inconc lu-  
s i v e .  The b lockage  a t  1800m may have a f f e c t e d  t h e  
o u t p u t  and cou ld  no t  b e  used t o  s u b s t a n t i a t e  changes 
a t  t h e  deep s e c t i o n  of t h e  f i e l d .  
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Temoerature and P r e s s u r e  Chances : 

Well 214 Output  Graph frpm 1983-1955. 

F igure  7 shows t h e  t empera tu re  and p r e s s v r e  ? l o t s  of 
106 taken  b e f o r e  andaf t e r  e x p l o i t a t i o n .  T h e  r r e s s u r e  
p r o f i l e  is now vapor s t a t i c  w i t h  p r e s s g s e  ~irawlown 
c l o s c  t o  5 .5  PPag a t  b ieed  c o n d i t i o n .  T,ztesr: t e c p e r -  
a t u r e  d a t a  showed t h a t  h o t t e r  f l u i d  i s  KO:; r i s i n g  i n  
t h e  well as a r e s u l t  of p r e s s u r e  drawdown c r e a t i n g  
t h e  f low from deeper  t o  s h a l l o w e r  zone. The two 
phase f l u i d  h a s  expanded t o  t h e  bot tom and is observed 
i n  most of t h e  Mahiao w e l l s .  Except w e l l  105D, a l l  
Plahiao w e l l s  a r e  now s t a n d i n g  w i t h  vapor s t a t i c  
column when s h u t .  Temperature g r a d i e n t s  a r e  now 
l i n e a r  and f o l l o w  t h e  s a t u r a t i o n  r e l a t i o n  of t h e  
f l u i d .  A t  w e l l  105D, t h e r e  i s  a l s o  a no ted  d e c l i n e  
i n  p r e s s u r e  of 2.7 Wag and 8 ° C  when compared t o  
i n i t i a l  d a t a .  

I n  t h e  Sambaloran s e c t o r  o n l y  w e l l  213 h a s  a vapor  
s t a t i c  column and l i n e a r  t empera tu re  g r a d i e n t .  T h i s  
well i s  e i t h e r  on b leed  or i n  d i s c h a r g i n g  c o n d i t i o n  
a s  s h u t- i n  \JHP exceeds masirnum p r e s s u r e  r a t i n g  of t h e  
we l lhead .  Wells 213, 202 and 215 have h y d r o s t a t i c  
p r e s s u r e  p r o f i l e  a l though  s i g n i f i c a n t l y  lower than  
t h e  u n d i s t u r b e d  p r e s s u r e .  P r e s s u r e s  of 214 have been  
w i t h i n  t h e  range of t h e  o r i g i n a l  p r e s s u r e  and appear  
n o t  a f f e c t e d  by p r o d u c t i o n  . It is p o s s i b l e  t h a t  
p roduc t ion  i n  t h e  wells i s  s u s t a i n e d  by r e i n j e c t i o n  
r e t u r n s  from nearby  r e i n j e c t i o n  w e l l s ,  2R3D and 2R4D. 
However, t h i s  remains t o  be v e r i f i e d  i n  t h e  f u t u r e .  

F i g u r e  7 Well 106 tempera tu re  and p r e s s u r e  p l o t .  

F i g u r e  8 and 9 show t h e  t empera tu re  and p r e s s u r e  
p l o t s  of 213 and 214. 

Although t h e r e  are t e m p e r a t u r e ,  p r e s s u r e  and o u t p u t  
changes i n  t h e  wells,  i t  h a s  n o t  been proven y e t  
whether  t h e  drawdown have  a l r e a d y  spread  i n  t h e  
a c t u a l  r e s e r v o i r .  P r e s s u r e  moni to r ing  a t  2R2 which 
is  l o c a t e d  a t  t h e  c e n t e r  o f  t h e  f i e l d  y i e l d e d  no 
s i g n i f i c a n t  changes i n  p r e s s u r e  t h a t  can  be  a t t r i b u t e d  
t o  d i s c h a r g e  o r  con t inuous  e x p l o i t a t i o n .  It i s  
p o s s i b l e  t h a t  because  of t h e  two phase  c o n d i t i o n  i n  
t h e  f i e l d ,  t h e  changes  a r e  s t i l l  l o c a l i z e d  i n  t h e  
w e l l  and have n o t  reached a d j a c e n t  w e l l s .  It is  a l s o  
p o s s i b l e  t h a t  r e i n j e c t i o n  r e t u r n  may have been sup- 
p r e s s i n g  t h e  drawdown a t  2R2. The o b s e r v a t i o n s  a r e ,  
however , i n c o n c l u s i v e  and remain t o  b e  s t u d i e d .  

Chemical Changes: 

In g e n e r a l ,  c h l o r i d e  l e v e l s  have been found t o  be 
i n c r e a s i n g  i n  w e l l s  101, 103,  105D, 106, 202, 213 
and 215. However. a t  106 c h l o r i d e  l e v e l s  a r e  i n  
e x c e s s  of 30,000 ppm a t  t h e  w e i r  box. T h i s  i n c r e a s e  
i s  i n t e r p r e t e d  t o  b e  due t o  c o n c e n t r a t i o n  by b o i l i n g  
and n o t  t o  r e i n j e c t i o n  r e t u r n s ,  Nongcopa (1985).  111 
214, t h e  r e s e r v o i r  c h l o r i d e  remains i n c r e a s i n g  and 
is  b e l i e v e d  t o  have been a f f e c t e d  by r e i n j e c t i o n  
r e t u r n s .  There  a r e  a l s o  i n d i c a t i o n s  t h a t  o t h e r  wells 
l i k e  105D, 202 and 213 have  been a f f e c t e d  by r e i n-  
j e c t i o n  as  t h e  e n t h a l p y  a r e  k e p t  c o n s t a n t  d e s p i t e  
i n c r e a s i n g  c h l o r i d e .  T h i s  i s  s t i l l  a s u b j e c t  of  
c l o s e r  moni to r ing  and f u r t h e r  i n v e s t i g a t i o n  i n  t h e  
f u t u r e .  Other  pa ramete rs  l i k e  gas  chemis t ry  and 
geotlierniometers are w i t h i n  t h e  range of the i n i t i a l  
d a t a .  
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F i g u r e  8 Well 213 Temperature and P r e s s u r e  P l o t .  

F i g u r e  9 Well 214 Temperature and P r e s s u r e  P l o t .  

Chances i n  R e i n j e c t i o n  Well C a n a c i t i e s :  

Well 2R3D and 2R4D a r e  r e i n j e c t i o n  w e l l s  in tended  
f o r  t h e  Sambaloran e € f l u e n t s  w h i l e  1 R 3  and 1R5D 
a r e  i n t e n d e d  € o r  t h e  Maliiao w e l l s .  I n  some c a s e s ,  
e f f l u e n t s  from Sambaloran a r e  bypassed t o  rIahiao 
through a bypass  l i n e  connect ing,  t h e  two r e i n j  j e c t i o n  
l i n e s .  Wells 2R3D and 2Ii4D a r e  d i r e c t i o n a l  w e l l s  
t a r g e t t e d  towards t h e  sou thwes te rn  f l a n k  of t h e  main 
b o r e  f i e l d  w i t h  a t o t a l  v e r t i c a l  dep th  of 2208.3m 
and 2102.6m r e s p e c t i v e l y .  Kclls 1 R 3  and 1Ii5D a r e  
completed a t  dep ths  of 1903111 and 2323.7111 r e s p e c t i v e l y  

S e p a r a t o r  p r e s s u r e  is set a t  . 6 7  m a  and t h e r e f o r e  
t h e  expec ted  f l u i d  t empera tu re  is c l o s e r  t o  163°C. 
S i l i c a  s a t u r a t i o n  index  f l u c t u a t e d  between .so - 1 .2  
t o  1.1 - 1.5 f o r  Pah iao  and Sambaloran w e l l s  respec-  
t i v e l y .  R e i n j e c t i o n  c h l o r i d e  ranges from 11,000 t o  
12,000 ppm. 

I n  o r d e r  t o  c l o s e l y  moni to r  t h e  r e i n j e c t i o n  c a p a c i-  
t ies  of t h e s e  w e l l s ,  r e g u l a r  f lowmeter ,  p r e s s u r e  
measurement, go d e v i l  su rveys  and r e c o r d i n g  of 
s e p a r a t o r  f l o o d i n g  and i n c r e a s e s  i n  R I  we l lhead  
p r e s s u r e s  a r e  conduc ted .  

T a b l e  2 shows t h e  i n j e c t i v i t y  and c a p a c i t y  r a t i n g  of 
a l l  t h e  R I  w e l l s  b e f o r e  and d u r i n g  t h e  c u r r e n t  
e x p l o i t a t i o n .  I n j e c t  i v i  t y  h a s  i n i t i a l l y  i n c r e a s e d  
a f t e r  long  term i n j e c t i o n  b u t  l a t e r  showed a d e c l i n-  
i n g  t r e n d .  C u r r e n t  reduced c a p a c i t i e s  remained 
unchanged e s c e p t  f o r  1R5D which had r e c e n t l y  s t a r t e d  
r e f u s i n g  w a t e r  i n  excess  of 40 k g / s ,  

T a b l e  2 I n j e c t i v i t i e s  and c a p a c i t i e s  of Tongonan I 
w e l l s .  

1 R 3  

1R5D 

2R3D 

2R4D 

70-90 4 7 26 . 662 

15-')0 1 6  27 14 19 

4 4  17.50-?1.00 2114 ('1 

3 7  35.30-41 . *10  1675 

55-85 

7 5 - 8 5  

NB: i n i t i a l  i n i e c t i v i t y  irrrlex measured d u r i n q  

c c m p l e t i o n  tcst .  

A l l  t h e  wells have been b locked  and i n a c c e s s i b l e  t o  
bot tom. Blockages are  b e l i e v e d  t o  be formed by t h e  
accumula t ion  o f  d e b r i s  which have been l e f t  i n s i d e  
t h e  p i p e  l i n e  and v e s s e l s  d u r i n g  t h e  c o n s t r u c t i o n  
p e r i o d .  Formation damage due t o  d e p o s i t i o n  i s  t o  be 
proven and would r e q u i r e  t h e  r e s u l t  of t h e  t e s t s  
a f t e r  c l e a r i n g  and work-over d r i l l i n g  of t h e  h o l e s .  

Glell 1x10 which i s  used a s  a r e i n j e c t i o n  w e l l  f o r  
t h e  c o n d e n s a t e  from t h e  power p l a n t  h a s  a l s o  shown 
a v e r y  s i g n i f i c a n t  change.  When r e i n j e c t i o n  w a s  
s topped  due t o  a c i d i c  ph of t h e  condensa te ,  t h e  well 
remained s h u t .  A blockage  w a s  tagged a t  1300m which 
c o n s i s t s  mos t ly  of r u s t  f l a k e s  and pebb les .  A f t e r  
3 y e a r s ,  g a s  p r e s s u r e ,  mos t ly  C02 b u i l t  up i n  t h e  
w e l l  which w a s  n o t  observed b e f o r e  e x p l o i t a t i o n .  
No e x p l a n a t i o n  can b e  p rov ided  y e t  which may l i n k  
t h i s  t o  t h e  e x p l o i t a t i o n  of t h e  f i e l d .  Nei th.er  t h e  
c o n t e n t s  of t h e  condensa te  a r e  s u f f i c i e n t  t o  e x p l a i n  
t h i s  f e a t u r e .  




