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Chernical change-s obse rved  for  p r o d u c t i c n  w e l l s  s i n c e  
t h e  commissioning o f  t h e  112.5MWe Pa l i np inon- I  Fower 
s t a t i o n  (May, 1983) have been a t t r i b u t e d  t o  r e i n j e c -  
t i o n  f l u i d  r e t u r n s  and i n  some c a s e s ,  l o c a l i s e d  
p r e s s u r e  drawdown. Although t h e r e  i s  c l e a r  ev idence  
f o r  a mass f r o n t  o f  r e i n j e c t i c n  f l u i d  t o  t h e  produc-  
t i o n  s e c t o r ,  no t he rma l  f r o n t  h a s  as y e t  been  
conf i rmed.  A f i e l d  manaqement s t r a t e g y  ha s  developed 
i n  an a t t e m p t  t o  minimise  r e i n j e c t i o n  f l u i d  r e t u r n s .  

C h l o r i d e  c o n c e n t r a t i o n s  ir. s e p a r a t e d  wa t e r  have been 
s u c c e s s f u l l y  used  t o  t race .  and q u a n t i f y  r e i n j e c t i o n  
f l u i d  r e t u r n s  on a n  i n d i v i d u a l  p roduc t i on  w e l l  and 
f i e l d  b a s i s .  The magnitude o f  t h i s  and o t h e r  s o u r c e s  
of r echa rqe  depend upon Fower s t a t i o n  l o a d ,  product ior .  
and  r e i n j e c t i o n  w e l l  c o n f i g u r a t i o n s  and p roduc t i on  
w e l l  s t a t u s  o r  d i s c h a r g e  h i s t o r y .  S i l i c a  concen t r a-  
t i o n s  have remained c o n t r o l l e d  by q u a r t z  s o l u b i l i t y  
d e s p i t e  l a r g e  i n c r e z s e s  i n  r e s e r v o i r  c h l o r i d e .  
Calcium and s u l p h a t e  r e sponses  i c d i c a t s d  d i s s o l u t i o n  
o f  Ca-bearing m i n e r a l s  w i t h i n  t h e  r e i n j e c t i o n  sectcr 
and re-depos j . t ion  of  a n h y d r i t e  a s  f l u i d  mig ra t ed  
away from t h e  r e i n j e c t i o n  s e c t o r .  

INTRODUCTION 

The approach t a k e n  t o  geothermal  development i n  t h e  
P h i l i p p i n e s  ha s  been  w e l l  documented ( N a l i x i ,  1 9 8 2 ) .  
A sunmary of e x p l o r a t i o n  and e a r l y  development for  
Pa l i np inon- I  ( ?a ln - I )  h a s  been g i v e n  by  Maunder, - e t  
- a l . ,  ( 1 9 8 2 ) .  A b r i e f  o u t l i n e  o f  t h e  o p e r a t i n g  
sys tem is inc luded  h e r e .  

The s u r f a c e  r e t i c u l a t i o n  sys tem €o r  two-phase f l u i d ,  
s e p a r a t e d  s team and l i q u i d  is shown i n  f i q .  1 .  The 
i n s e r t  i n  f i g .  1 i l l u s t r a t e s  i n  p l a n ,  t h e  p roduc t i on  
and r e i n j e c t i o n  w e l l  t r a c k s .  Twenty-two p roduc t i on  
w e l l s  a r e  l o c a t e d  o v e r  f o u r  pads  , twentylone  be ing  
commercial;  of t h i s  t o t a l ,  e i g h t e e n  were d e v i a t e d ,  
t h e  remainder ,  v e r t i c a l .  Devia ted  w e l l s  w e r e  r e q u i r e d  
t o  adequa t e ly  a c c e s s  t h e  e x p l o i t a b l e  r e s e r v c i r  due 
t o  t e r r a i n  c o n z t r a i n t s  and a l s o  t o  maximise i n t e r -  
s e c t i o n  w i t h  i d e n t i f i e d  f r a c t u r e  p e r m e a b i l i t y .  Ten 
d e v i a t c d  r e i n j e c t i o n  w e l l s  c o l l a r e d  t o  t h e  n o r t h e a s t  
a t  lower  e l e v a t i o n ,  w e r e  2 , r i l l e d  t o  d i s p o s e  o f  
separa t .ed  l i q d i d .  To maximise f l u i d  d i s p e r s a l  and 
reheat inptTwel ls  were d r i l l e d  deep and a s  d i s t a n t  J S  

p r a c t i c a b l e  from t h e  p roduc t i on  s e c t o r .  

P roduc t i on  wells  were d r i l l e d  t o  an averaqr? measure?. 
d e p t h  (MD) of 3020111 o r  28GSm v e r t i c a l  dep th  ( V D ) .  
R e i n j e c t i o n  w e l l s  averaged 3 0 1 0 m  (PD) o r  2 8 9 h  ( V O l .  
P e r m e a b i l i t y  W ~ S  encoun te r ed  a t  v a r i o u s  d e p t h s  o v e r  
t h e  open i n t e r v a l  of h o l e  f o r  a l l  w e l l s .  As such ,  
n e a r l y  a l l  p roduc t i cn  w e l l s  a r e  mul t i- zone  and 
produce  t w o  phase  f l u i d  from a s i n q l e  phase  l i q u i d  
r e s e r v o i r .  A t o t a l  e l e c t r i c a l  e q u i v a l e n t  o u t p u t  r!f 
1431ilW(e) a t  a p roduc t i on  s e p a r a t i o n  p r e s s u r e  of 
0 .70MPa(abs) ,  (165OC), is  a v a i l a b l e  under we l lhead .  
Although t h e  l o a d  and hence  s team demand is  v a r i a b l e ,  
t h e  p roduc t i on  s e p a r a t o r  p r e s s u r e  is mainta ined  a t  a 
c o n s t a n t  0.7011~a (abs)  . 

B a s e l i n e ,  p r e- e x p l o i t a t i o n  chemis t ry  h a s  been 
p r e v i o u s l y  r e p o r t e d  ( J o r d a n ,  1 9 8 2  1. B a s e l i n e  d a t a  

r e f e r r e d  t o  i n  t e x t  and f i i r r ~ r e s  f o r  t h i s  p a p e r  a r e  from 
s t a b i l i s e d  d i s c h a r g e  chemis t ry  d u r i n q  t h r e e  month out-  
p u t  t e s t s  (MTD), completed p r i o r  t o  e x p l o i t a t i o n .  An 
i n t e n s i v e  geochemical  mon i to r i ng  proqramme developed 
f a r  Pa ln -1 , t he  p r imary  o b j e c t i v e  be inq  t o  p r o v i d e  maxi- 
mum qeochemical i n p u t  t o  a s s i s t  w i t h  t h e  f c rmu la t i on  
and subsequent  review o f  f i e l d  manaq2ment p o l i c y .  E a r l y  
i n  t h e  p roduc t i on  h i s t o r y  i t  became obv ious  t h a t  
geochemis t ry  would p l a y  a v i t a l  r o l e  i n  p r o v i d i n g  
impor t an t  o p e r a t i o n a l  g u i d e l i n e s  f o r  p roduc t i on  and 
r e i n j e c t i o n .  Chemical mon i to r i ng  pa rame te r s  were chosen 
tcs r e f l e c t  p r o c e s s e s  b e l i e v e d  to  b e  o c c u r r i n g  w i  t h i n  
t h e  r e s e r v o i r .  These were [C1IRES1, CCllATM, [ S ~ O ~ I R X S ,  

C02/H2S (molar ratici). T o t a l  d i s c h a r g e  e n t h a l p y  ( h t )  
was a l s o  moni tored .  Chemical changes were c o r r e l a t e d  
w i th  t h o s e  of t h e  o p e r a t i o n  e . q .  f i g . 2 .  S e l e c t e d  
examples which typify t h e  chemical  chanqes  observed a r e  
p r e s e n t e d  i n  t h e  f o l l o w i n c  t e x t  and f i q u r e s .  

TSiO2 ( "C) , pH r CSO4IRES , CCa1RE.S , CC021TD2 , CH2S ITD, 

CHEMICAL CHANGES I N  RESPONSE TO EXPLOITATION 

Seyenteen  o f  twenty-one p r cduc t i on  w e l l s  h ave  shown an  
o v e r a l l  i n c r e a s e  i n  [ClIRES a s  o f  May (35' ( r e f e r  f i g . 2 )  
The v a r i a b l e  n a t u r e  o f  t h e  r C 1 1  RES r e sponses  have 
l a r g e l y  been accounted  f o r  i n  terms o f  o p e r a t i n g  condi-  
t i o n s  of  i n d i v i d u a l  p roduc t i on  w e l l s ,  r e i n j e c t i o n  (RI) 
l oad  ar.d t h e  c o n f i g u r a t i o n  of RI w e l l s  i n  s e r v i c e  a t  
any one t i m e .  

' L c l J ~ S .  P.% d e n o t e s  r e s e r v o i r  c o n s t i t u e n t  concen t r a -  
t i o n s ; t h i s  b e t t e r  re f lec ts  t h e  multi- zone n a t u r e  o f  
f l u i d  p roduc t i on  and r e p l a c e s  t h e  commonly used  te rm,  

aqu i f er . " 
TD = c o n c e n t r a t i o n  i n  t o t a l  d j s c h a r q e  
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Fig. 2 Reservoir Chloride VS. Time 
( m g / k g )  

S e v e r a l  p r o c e s s e s  would r e s u l t  i n  i n c r e a s e d  m i n e r a l i -  
s a t i o n :  

1 )  e x t e n s i v e  b o i l i n g  and s team s e p a r a t i o n  w i t h i n  
t h e  r e s e r v o i r ,  r e s u l t i n q  i n  i n c r e a s e d  [ C l ]  RES 
f o r  r e s i d u a l  l i q u i d .  

2 )  n a t u r a l  r echa rge  o f  h i g h e r  m i n e r a l i s e d  f l u i d ,  

3) r e i n j e c t i o n  f l u i d  r e t u r n s .  

D i scha rge  e n t h a l p i e s  and p re s su re- tempera tu re  p r o f i l e s  
showed t h a t  e x t e n s i v e  r e s e r v o i r  b o i l i n g  had n o t  
o c c u r r e d .  F l a s h i n g  n e a r  t h e  we l l- bore  and two phase  
c o n d i t i o n s  w e r e  c o r r e c t e d  f o r  e x c e s s  steam when 
c a l c u l a t i n g  IC1  1 FES. N a t u r a l  r e c h a r q e  o f  s i g n i f i -  
c a n t l y  h i g h e r  m i n e r a l i s e d  f l u i d  wocld b e  expected  t o  
o r i g i n a t e  from a h i g h e r  e n t h a l p y  s o u r c e ,  b u t  t h e r e  
i s  no ev idence  t c  s u p p o r t  t h i s .  

R I  r e t u r n s  were t h e r e f o r e  concluded t o  b e  t h e  F r i n c i -  
pal cause  of i n c r e a s e d  m i n e r a l i s a t i o n .  Ch lo r ide  i o n  
is  a r e l a t i v e l y  n o n- r e a c t i v e  i o n ,  under  r e s e r v o i r  
c o n d i t i c n s  an2 is c o n c e n t r a t e d  a t  t h e  s u r f a c e  when 
" f l a s h "  s e p a r a t e d .  Usefol  i n fo rma t ion  c0ncernir.g 
the: d i s p e r s a l  o f  R I  f l u i d s  h a s  been o b t a i n e d  us ing  
c h l o r i d e  a s  a n a t u r a l  tracer. 

It w a s  r ecogn i sed  a t  an  e a r l y  s t a q e  t h a t  R I  r e t u r n s  
were s j  g n i f  i c a n t  ( f  is.  2 )  . Furthermore ,  s i n c e  f l u i d  
captaining a R I  component was produced and f l a s h e d  
a g a i n ,  a method t o  e v a l u a t e  r e t u r n s r h i c h  accommcdated 
r e c y c l i n g  w a s  neces sa ry .  A p l o t  o f  Cell R I ~  vs. t i m e  
f o r  bo th  r e i n j e c t i o n  l i n e s  is p r e s e n t e d  i n  f i q .  3 .  
T h i s  shows an o v e r a l l  i n c r e a s e  i n  [ C l I R I ,  i n  r e spcnse  
t o  R I  r e t l i r n s ,  a c r o s s  t h e  p r o d u c t i o n  f i e l d .  F luc tua-  
t i o n s  r e f l e c t  chanqes  i n  p roduc t ion  w e l l  u t i l i s a t i o n .  
The l a r g e  amount o f  CC11 R I  d a t a  a v a i l a b l e  enab led  
a c c u r a t e  a s se s smcn t  o f  t h e  p e r c e n t a g e  R I  f l u i d  be ing  
d i s c h a r g e d  by a n  i n d i v i d u a l  w e l l ,  u s i n g  t h e  fo l lowinq  
r e l a t i o n s h i p :  

Where X = f r a c t i o n  o f  R I  f l u i d  i n  t h e  t o t a l .  d i s c h a r g e  
C11= 

C12= 

Cl3= monthly mean C C l I R I .  

monthly mean CC11 RES f o r  t h e  p roduc t ion  
we l l  
mean b a s e l i n e  [ClIFkS f o r  t h e  p roduc t ion  
w s l l  

C l3  r e p r e s e n t s  t h e  weighted mor,thly mean [Cl  ] R I  
ca lcula t .ed  on t h e  b a s i s  of  s e p a r a t e d  l i q u i d  f lows f o r  
t h e  two main R I  l i n e s .  A p l o t  of S, R I  r e t u r n s  v s .  
t ime  f o r  s e l e c t e d  w e l l s  is p r e s e n t e d  i n  f i g .  4 .  T h i s  
approach t a k e s  r e c y c l i n q  i n t o  accoun t ,  hence  t h e  
a f f e c t  o f  R I  W e l l s  on individual .  p r o d u c t i o n  w e l l s  can  
be  more c l e a r l y  i d e n t i f i e d .  

3[C1] R I  = r e i n j e c t i o n  l i n e  c h l o r i d e  c o n c e n t r a t i o n  

Fig-3 Reinjection Chloride vs. Time 
( mg / kg 1 
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The R I  w e l l  u t i l i s a t i o n  h i s t c z y  shown i n  f i g s .  2 and 4, 
p r o v i d e s  i n fo rma t ion  conce rn ing  t h e  communicaticn of 
i n d i v i d u a l  R I  w e l l s  w i t h  individual .  or  groups  of produc-  
t i o n  W e l l s .  Wells OKlGD, PN13D, 2 0 D  and 2 2 D  have a t  
some stage shown i n c r e a s e d  [ClIRES b u t  have  s i n c e  
d e c l i n e d  t o  b a s e l i n e  c o n c e n t r a t i o n s  cr less. From 
May 83 '  t o  A p r i l  8 4 ' ,  R I  w e l l s  OKlZRD, ?NlRD, 2RD and 
6RD were u t i l i s e d .  Wells P N l S D ,  1 7 D ,  21D,  2 6 ,  28  and 
OK7, t h e  f i r s t  t o  be  used f o r  s t a t i o n  supp ly ,  are 
c l o s e r  t o  t h e  r e i n j e c t i o n  s e c t o r  t h a n  o t h e r  p r o d u c t i o n  
w e l l s  and produced s i q n i f i c a n t  R I  f l u i d .  The l a r q e  
i n c r e a s e  i n  [Cl]REF and % R I  f l u i d  f o r  PN17D, 26 and 28 
demonst ra ted  qood commrinication ( f i q s .  2 and 4 ) .  Frcm 
May 8 4 '  t o  O c t .  84' a l a r q e  i c c r e a s e  i n  [Cl]RES and 
'% R I  f l u i d  w a s  observed f o r  t h e  w e s t e r l y  and c e n t r a l  
p r o d u c t i o n  w e l l s  PN19D, 23D, 2 9 D ,  3 1 D ,  OK7 and OK9D. 
T h i s  occu r r ed  when R I  w a s  s h i f t e d  t o  t h e  wes t e rn  W e l l s  

PN7RD and 8RD.A subsequent.  r ecove ry ,  i .e. [CllRES 
d e c l i n e ,  occu r r ed  f o r  s e v e r a l  of t h e s e  p roduce r s  when 
PN7RD w a s  s h u t .  [ClIRES h a s  s t e a d i l y  i n c r e a s e d  fo r  
t h e s e  same w e l l s  w i t h  PN8RD and 9RD i n  s e r v i c e  (May 85'). 

I t  was cons ide red  d e s i r a b l e  t o  assess mass r e t u r n s  on 
a f i e l d  b a s i s  unde r  s t a b l e  o p e r a t i n g  cond i t i . ons ,  such 
t h a t  when changes  i n  i n d i v i d u a l  w e l l  o r  f i e l d  manage- 
ment o c c u r r e d ,  a n  e s t i m a t e  o f  t h e  r e sponse  w i t h  r e s p e c t  

Fig. 4 
'10 Reinjection Returns vs. Time 

(Wells) 

- - -  - - -  
--L.- 

- -  
Rein ject ion  weiis ut i l izat ion h i s t o r y  
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. -1 Fig. 7 Ave.% RI return vs. Cumulative total rnaq 
di sc horge(May'83 
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to R I  f l u i d  r e t u r n s  cou ld  be  e v a l u a t e d .  T h i s  s i m p l i-  
f i e d  approach invo lved  a mass b a l a n c e  a b o u t  t h e  produc-  
t i o n  an?. RI sectors w i t h  t h r e e  components;  p roduc t ion ,  
R I  and recharge ,  as shown i n  f i g . 5 . .  Eqn(1) p r e v i o u s l y  
giver. ,  s i m i l a r l y  d e s c r i b e s  t h e  mass ba l ance  around t h e  
p r o d u c t i o n  block.  C11 i n  t h i s  case w a s  o b t a i n e d  from 
Cl4 c o r r e c t e d  f o r  steam loss a t  t h e  s e p a r a t o r .  
a mass and energy b a l a n c e  abou t  t h e  s e p a r a t o r  it has  
been shown (Menzies,  1985) t h a t  : 

Using 

( 2 1  ) C l 4  ---------- h5 - h l  
c11 = (  - 

h s  - h4 
A t  c o n s t a n t  s e p a r a t o r  p r e s s u r e  of 0.68 MPa ( a b s ) ,  hq 
and hg can  be  o b t a i n e d  from steam t a b l e s ;  hq = 692kJ/kq, 
h s  = 2762kJ/kg. 

l e t  oc; = h5 - h1 

h5 - h4 
f rom ( 1 )  x = rxc l4 -C l2  

Cl4-Cl2 ( 3 )  - ------------ 
cI3 i n  eqn. ( 1 )  i s  assumed t o  approximate  C14 i .e .  
C C l I R I .  
4000mg/kg based  on [Cl)RES b a s e l i n e  d a t a ,  so 

C12 as  r e c h a r g e  i s  assumed t o  be  c c n s t a n t  a t  

2762 - h l  ~ C14 - 4000 

(4)  
( 2070 

c14 - 4000 x =  

It w a s  t h u s  p o s s i b l e  t o  ca l . cu l a t e  t h e  f i e l d  ave rage  
monthly  R I  r e t u r n s  knowing t h e  ave rage  f i e l d  e n t h a l p y  
and t h e  ave rage  monthly [Cl ]RI .  F ig .  6 shows f i e l d  
R I  r e t u r n s  o v e r  t h e  p e r i o d .  The: s t r o n g  i n c r e a s e  
n o t e d  from May t o  July-August 84 '  
w e s t e r l y  R I  t o  PN7RD and 8RD. 
30% R I  r e t u r n s  on  a f i e l d  b a s i s  h a s  been a s s e s s e d ;  
i .e .  t h e  bu lk  o f  R I  w a s  d i s p e r s e d  away from t h e  R I  - 
p r o d u c t i o n  s e c t o r  v i c i n i t y .  

c o i n c i d e d  w i t h  
A maximum o f  approx.  

Fig. 7 shows t h e  ave rage  % R I  f l u i d  d i s c h a r g e d  f o r  
i n d i v i d u a l  p roduc t ion  w e l l s  r e l a t i v e  t o  cumula t ive  
to ta l  mass d i s c h a r g e .  The scat ter  demons t r a t e s  t h e  
l a c k  o f  a s imp le  r e l a t i o n s h i p .  S u r p r i s i n g l y . s e v e r a 1  
w e l l s  w i t h  low cumula t ive  t o t a l  mass d i s c h a r g e  have 
shown s i g n i f i c a n t  R I  r e t u r n s  e . g .  PN28. T h i s  can b e  
e x p l z i n e d  by t h e  extended d i s c h a r g e  o f  nea rby  w e l l s  
o r  a l t e r n a t i v e l y ,  t h e  n a t u r a l  sweep o f  R I  f l u i d  t o  t h e  
p r o d u c t i c n  s e c t o r  t h rough  permeable  f r a c t u r e  p a t h s  i n  
r e sponse  t o  induced p r e s s u r e  g r a d i e n t s .  A s i g n i f i c a n t  
d e c r e a s e  i n  t h e  rate o f  d e c l i n e  of measured s i n g l e  
phase  l i q u i d  p r e s s u r e s  bo th  i n  and on t h e  edge of t h e  
p r o d u c t i o n  sector h a s  been obse rved .  T h i s ,  t o y e t h e r  
w i t h  t h e  o b s e r v a t i o n  t h a t  s e v e r a l  w e l l s  e.g.  OKlOD, 
( f i g .  71, had low o v e r a l l  R I  r e t u r n s ,  i n d i c a t e d  s i g n i -  
f i c a n t  r e c h a r g e  from a n o t h e r  s o u r c e .  

Fig*5 Web- Simpli,fied Mass Balance 

w1 

w = moss f lowrote  (kg/s) 
where : U = chloride concentration (rng/kg) 

h = enthalpy ( k J / k g )  
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Cumulat ive  Total Mass Discharge  

I n  view of t h e  c lear  ev i zence  t h a t  a mass f r o n t  of RI 
f l u i d  had r eached  t h e  p roduc t ion  sect .or ,  conce rn  was 
t h e r e f o r e  h e l d  f o r  t h e  thermal  f r o n t  which f o l l o w s .  NO 

t empera tu re  d e c l i n e  f o r  mixed f l u i d  p r o d u c t i o n  from 
any w e l l  ha s  been observed.  A s m a l l  d e c l i n e  ir .  OK7 
i . e .  310 t o  3OOOC from a s i n g l e  s i iwey  a w a i t s  conf inna-  
t i o n .  
of 1240kJ/kg p r i o r  t o  e x p l o i t a t i o n ,  t o  a p r e s e n t  v a l u e  
of 1430 kJ/kg. 

Average f ie ld  e n t h a l p y  h a s  i n c r e a s e d  from a Value 

A series o f  tracer tests ha.s been des igned  w i t h  t h e  
f o l l o w i n g  o b j e c t i v e s  : 

1) t o  assist [Cl J ~ ~ S . . m o n i t o r i n g  i n  q u a n t i f i c a t i o n  
of R I  r e t u r n s  and, 

2) t o  assess t h e  optimum i n j e c t i o n  w e l l  conf igura-  
t i o n  based on t h e  i n t e r p r e t a t i o n  o f  tracer 
r e s u l t s .  

One 1-131 r a d i o a c t i v e  t r a c e r  tes t  h a s  been ccmpleted 
Using OK12RD f o r  tracer i n j e c t i o n .  
PN17D was conf i rmed,  t h i s  b e i n g  c o n s i s t e n t  w i t h  t h e  
obse rved  c h l o r i d e  r e sponse  i n  PN17D wi th  OK12RD i n  
s e r v i c e .  O the r  small 1-131 r e t u r n s  w e r e  n o t  q u a n t i f i -  
a b l e .  

A s t r o n g  r e t u r n  to 

Three  s l u s  i n j e c t i o n s  o f  di- sodium f l u o r e s c e i n  have a l s o  
been conducted f o r  w e l l s  OKlZHD, PNIRD and PN9RD. 
Althouqh r e t u r n s  can on ly  be i n t e r p r e t e d  q u a l i t a t i v e l y ,  
t h e s e  tests  have proved u s e f u l  a s  p r e c u r s o r s  i n  d e s i g n i n g  
t h e  more expensrive 1-131 t r a c e r  tests. Disodium f l u o r e s-  
c e i n  may n o t  be t h e r m a l l y  s t a b l e  i n  t h e  l ong  term a t  
fo rma t ion  t e m p e r a t u r e s ,  bL.t s u f f i c i e n t  a c t i v i t y  remained 
f o r  r e t u r n s  to  be d e t e c t e d  under  UV l i q h t  u s i n g  a c rude  
g r a d i n q  syscem €or i n t e n s i t y .  on t h e  b a s i s  of di-sodium 
f l u o r e s c e i n  tracer tests, a s t r o n g  hydrological .  connec- 
t i o n  e x i s t s  between OK12RD and PN6RD. 

S i l i c a  Chemis t ry  

D e s p i t e  l a r g e  i n c r e a s e s  i n  [C?JRES f o r  many p roduc t ion  
w e l l s - ,  none have shown i n c r e a s e d  [S~O~]RES,  i . e .  no 
s i l i c a  breakthrough.  S i l i c a  c c n c e n t r a t i o n s  remain 
c o n t r o l l e d  by q u a r t z  s o l u b i l i t y ,  i n  agreement  w i t h  
measured d i s c h a r g e  e n t h a l p i e s ,  where s i n g l e  phase ,  and 
f lowing  measured t empera tu re s .  

S e p a r a t e d  l i q u i d  for Paln- I  h a s  an  amorphous s i l i c a  
s a t u r a t i o n  index  r anqe ,  from 4 1 .O t c  1 . 3  (under  to 
o v e r s a t u r a t e d )  . 
Th&'fact  t h a t  s i l i c a  c o n c e n t r a t i o n s  have n o t  i nc reased  
d e s p i t e  a mass RI r e t u r n ,  p a r t i c u l a r l y  fo r  w c l l s  wi th  
a h i g h  R I  f l u i e  component i n  d i s c h a r y e  e .q .  OK7, PNITD, 
26 and 28, suqqes t ed  t h a t :  

( a )  s o l u t i o n s  s u p e r s a t u r a t e d  wi th  r e s p e c t  t o  q u a r t z  
r a p i d l y  a t t a i n e d  e q u i l i b r i u m  w i t h  q u a r c z ,  o r ,  

(b) r a p i d  r e - e q u i l i b r a t i o n  w i t h  r e s p e c t  t o  a n  iri terme- 
d i a t e  s i l i c a  mine ra l  phase  occu r red  upon a v a i l a b l e  

. q u a r t z  and o t h e r  mine ra l  s u r f a c e s ,  w i t h  a l l  s i l i c a  
above q u a r t z  s a t u r a t i o n  be ing  d e p o s i t e d  
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Re- discharge o f  a R I  w e l l  i n  Tocgonan (IRSD) a f t e r  
more t han  a y e a r  of  s e r v i c e  a t  an  i n j e c t i o n  f low r a t e  
of  approx .  60 kg / s ,  showed t h a t  s i l i c a  c o n c e n t r a t i o n s  
a g r e e d  c l o s e l y  w i t h  t h a t  expec ted  f o r  R - c r i s t o b a l i t e  
equi l ib r iGm.  Th i s  i n d i c a t e d  t h a t  B - c r i s t o b a l i t e  was 
t h e  s i l i c a  p h a s e  d e p o s i t e d .  (Solsiia and Harper,  19951 
Discharge  e n t h a l p i e s  of approx.  850 kJ/ kg i n d i c a t e d  
t h a t  s a t u r a t e d  l i q u i d  t e m p e r a t u r e s  w e r e  apprcx .  2OOOC. 

Referenced l i t e r a t u r e  (Weres e t  a l . ,  1980) i n d i c a t e d  
t h a t  fi!id s l i g h t l y  s u p e r s a t u r a t e d  w i t h  r e s p e c t  t o  
amorphous si l i c a ,  r e - e q u i l i b r a t e d  t o  amorphons. s i l i c a  
s a t u r a t i o n  for a g i v e n  t e m p e r a t u r e  and t h a t  t h i s  
f l u i d  remained h i g h l y  s u p e r s a t u r a t e d  w i t h  r e s p e c t  t o  
q u a r t z .  Fur thermore ,  once  amorphous s i l i c a  s a t u r a t i c n  
was a c h i e v e d ,  t h e  f l u i d  r e- e q u i l i b r a t e d  t o  a form of  
s i l i c a ,  i n t e r m e d i a t e  between amorphous s i l i c a  and 
q v - r t z .  

The absence  o f  a s i l i ca  breakthrough i n  P a l n- I  produc-  
t i o n  w e l l s  was b e s t  e x p l a i n e d  t h e r e f o r e ,  by t h e  mecha- 
nism o u t l i n e d  i n  (b) above.  T h i s  s u g g e s t e d  t h a t  a 
si l ice b r e a k t h r c u g h  would n o t  o c c u r  u n t i l  f r a c t u r e  
p a t h s  became l i n e d  w i t h  an  i n t e r m e d i a t e  s i l i c a  m i n e r a l  
phase .  

S e p a r a t e d  l i q u i d  is s u p e r s a t u r a t e d  w i t h  r e s p e c t  t o  
q u a r t z  by a b o u t  200mg/kg (Si021 a t  format ion  tempera-  
t u r e s  which o b t a i n  i n  t h e  p.1 s ec to r .Th i s  is e q u i v a l e n t  
t o  
a t y p i c a l  R I  f low r a t e  o f  250kg/s and an  assumed 
d e n s i t y  of 2600 kg/m3 f o r  s i l i c a  d e p o s i t e d .  
t h i s  ha s  n o t  s i g n i f i c a n t l y  reduced  t3he t o t a l  i n j e c t i o n  
c a p a c i t y  f c r  t h e  R I  s e c t o r .  Negat ive  impact  due t o  
d e p o s i t i o n  may o n l y  b e  r e a l i s e d  i n  t h e  l ong  term. 

a s o l i d  volume o f  approximate ly  1 .70m3/day u s i n g  

To d a t e ,  

An i n i t i a l  t r a c e r  r e t u r n  t i m e  of 22 h o u r s  t o  PN17D 
from OK12RD durinc; t t e  1-131 r a d i o a c t i v e  t r a c e r  tes t  
p r o v i d e d  a maximum t i m e  w i t h i n  which,  complete s i l i c a  
r e - e q u i l i b r a t i o n  o c c u r r e d .  

Calcium and S u l p h a t e  Chemistry 

cSO4]RES f o r  p r o d c c t i o n  w e l l s  h a s  remained e s s e n t i a l l y  
c o n s t a n t  d e s p i t e  i ts  c o n c e n t r a t i o n  i n  i n j e c t e d  l i q u i d .  
T h i s  i m p l i e s  tha t .  s u l p h a t e  ha s  been removed from t h e  
mixed r e s e r v o i r  f l u i d .  C a l c u l a t i o n s  of t h e  a n h y d r i t e  
s a t u r a t i o n  s t z t e  o f  t h e  i n j e c t e d  f l u i d ,  i n d i c a t e d  t h a t  
s u p e r s a t u r a t i c n  would have o c c u r r e d  upon r e h e a t i n g  i n  
t h e  r e s e r v o i r .  
230 mg/kg, CS041RI of  23mc;/kg and e q u i l i b r i u m  l o g  K 
d a t a  f o r  a n h y d r i t e  (KRTA, 1983) a t  0.2m NaCl, t h e  
s a t u r a t i o n  index  ( S I )  f o r  R I  f l u i d  w i t h  r e s p e c t  t c ?  

a n h y d r i t e  i s  a s  f o l l o w s ;  SI  = log K ( f l u i d )  - loq K 
( e q u i l i b r i u m ) .  A t  t h e  R I  f l u i d  t e m p e r a t u r e  (165°C) t h e  
l o g  a c t i v i t y  p r o d u c t  (log K )  f o r  R I  f l u i d  was - 7.30; 
f o r  e q u i l i b r i u m ,  - 6.09 or  a S I  of - 1.2Y ( u n d e r s a t u r a-  
t e d ) .  A t  269OC ( R I  f l u i d  r e -hea t i nq )  , lo? K ( f l u i d )  
was - 7.86; log K ( e q u i l i b r i u m )  was - 8 .08 ,  o r  a S I  
of  0.22 ( s u p e r s a t u r a t e d ) .  Hence a n h y d r i t e  d e p c s i t i o n  
would be expec ted  t o  occur  f a r  i n j e c t e d  f l u i d  r e h e a t e d  
t o  format ion  t e m p e r a t u r e s .  

For  example, u s i n g  t y p i c a l  [CaIRI of 

The LCaJREs i n c r e a s e  f o r  wells a f f e c t e d  by .RI  r e t u r n s  
was i n i t i a l l y  g r e a t e r  t han  t h e  c o r r e s p o n d i n g  i n c r e a s e  
i n  [Cl lRES,  a s  shown by decrc??.sinq Cl/Ca r ‘a t ios  wi th  
time, i n  f i g .  8. A s  a n h y d r i t e  would alsc remove 
c a l c i u m  frcm s o l u t i o n ,  d i s s o l u t i o n  of o t h e r  ca lc ium 
m i n e r a l  p h a s e s  was r e q u i r e d  t o  e x p l a i n  t h e  n e t  i n c r e a s e  
i n  Cia 3 RES. 

C a l c i t e  is p r e v a l e n t  a s  a secondary  m i n e r a l  w i t h i n  
t h e  R I  s e c t o r .  C a l c i t e  d i s s o l u t i o n  was c o n s i d e r e d  t h e  
most l i k e l y  e x p l a n a t i o n  f o r  t h e  n e t  i n c r e a s e ;  t h i s  on 
t h e  b a s i s  of t h e  i n i t i a l l y  u n d e r s a t u r a t e d  s t a t e  of t h e  
i n j e c t e d  f l u i d .  Fur thermore ,decreased  f l u i d  and forma- 
t i o n  t e m p e r a t u r e s  and i n c r e a s e d  s a l i n i t y  w i t h i n  t h e  R I  
s e c t o r  have enchanced t h e  s o l u b i l i t y  of c a l c i t e .  

The q u a s i - s t a b l e  minimum C1/Ca r a t i o  f c r  wells m o s t  
a f f e c t e d  by R I  r e t u r n s ,  ranged from 4 0  t o  50 ( f i q . 8 ) .  
T h i s  was c o n s i d e r e d  t o  r e f l e c t  e i t h e r  physio- chemical  
c o n t r o l  over t h e  r a t e s  of d i s s o l u t i o n  o r  t h e  a t t a i n -  
ment of n e a r  e q u i l i b r i u m  c a l c i t e  s a t u r a t i o n ,  a s  f l u i d  
r e - h e a t i n g  o c c u r r e d .  Gross changes  i n  [Ca] RES and 

[co,] have o c c u r r e d  f o r  d l s c h a r q e  f l u i d  i n  r e s p o n s e  
t o  R I  r e t u r n s .  Geochemical modell inq techniciues 
( T r u e s d e l l  and S i n g e r s ; ,  1971 ; KRTA, 1983) were a p p l i e d  
t o  d e t e n r i n e  t h e  r e s e r v o i r  f l u i d  c a l c i t e  s a t u r a t i c n  
s t a t e  and whether t h i s  changed a s  RI r e t u r n s  i n c r e a s e d .  
Emphasis was not p l a c e d  Qn t h e  a b s o l u t e  sa-cura t ion  
s t a t e  of t h e  f l u i d ,  r e c o q n i s i n q  that .  model l ing  is a t  
b e s t  an  approximat ion  of t h e  f l u i d- m i n e r a l  system under  
s t udy .  

The e q u i l i b r i u m  c o n s t a n t  f o r  c a l c i t e  is  d e s c r i b e d  by :  

2+ 2 K c  = aCa . a HCo3- 

pc02 

( E l l i s  and Mahon, 1977 ) .  An i n c r e a s e  i n  l o g  K € O r  

r e s e r v o i r  f l u i d  would be expec ted  w i t h  R I  r e t u r n s  as 
t h e s e  have produced : i n c r e a s e d  aCa2’ , i n c r e a s e d  aHC03- 
(due t o  a pH i n c r e a s e )  and d e c r e a s e d  Pco2. The s a t u r a -  
t i o n  index  ( S I )  ha s  been d e f i n e d  a s  f o r  a n h y d r i t e ,  i . e .  
S I  = l o q  K ‘ ( f l u i d )  - 1oq K (eaui l ibr ium) , (KRTA,  1995) 
R e s u l t s  showed t h a t  f c r  i n c r e a s i n q  R I  r e t u r n s  t h e r e  
was a p o s i t i v e  s h i f t  towards c z l c i t e  s a t u r a t i o n  o r  
s u p e r s a t u r a t i o n .  
f o l l o w i n g ;  OK7 b a s e l i n e  d a t a ,  S I  of  -0.16 to S I  o f  
0.96 when R I  r e t u r n s  were 80%. These r e s u l t s  a l s o  
s u q q e s t e d  t h a t  r e - e q u i l i b r a t i o n  t o  c a l c i t e  s a t u r a t i o n  
‘was n o t  ach ieved  as R I  f l u i d  re- hea ted .  Although no 
‘ f u r t h e r  prob!.ems w i t h  w e 1  1- bore  c a l c i t e  d e p o s i t i o n  have 
o c c u r r e d ,  e v a l u a t i o n  of  c a l c i t e  s a t u r a t i o n  f o r  reservoir 

f l u i d  r e l a t i v e  t o  R I  r e t u r n s  h a s  c o n t i n u e d .  

For example, d a t a  f o r  OK7 gave t!-e 
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Gas Chemistry 

The m a j o r i t y  o f  qa s  i s  p a r t i t i o n e d  i n t o  thc  steam 
phase upon f l a s h .  Separa ted ,  l i q u i d  i s  d e p l e t e d  i n  
d i s s o l v e d  gas r e l a t i v e  t o  o r i q i n a l  r e s e r v o i r  f l u i d .  
P r o d u c t i o n  w e l l s  w i t h  R I  r e t u r n s  showed a cor responding  
d e c r e a s e  i n  a b s o l u t e  t o t a l  ga s  c o n c e n t r a t i o n s ,  ( f i g . 9 ) .  
W e l l  OK7 [C02]TD c o n c e n t r a t i o n s  have decreased  a s  much 
as 25 f o l d ,  from b a s e l i n e  v e l u e s  of approximate ly  360 
mmoles,,’100 moles t o  15 mmoles/100 m o l e s . F l u i d  d i s c h a r g e d  
by PN17D a t  S e p t .  83‘ was approx.  100% R I  f l u i d .  A t  
t h i s  l e v e l  r.C02]TD would be expec ted  t o  approximate R I  
l i n e  c o n c e n t r a t i o n s  i . r .  1.0 mmole/100 moles. However, 
measured [Cod TD f o r  PN17D averaqed 40 mmoles/li)Ornoles 
ov‘er t h i s  p e r i o d .  The d i s s o l u t i o n  of c a l c i t e  d e s c r i b e d  
p r e v i o u s l y ,  is c o x s i s t e n t  wi th  t h e s e  h i q h e r  t han  
expec ted  k O $  TD ao r i cen t r a t i ons .  

Both H2S c o n c e n t r a t i o n s  and C02/H2S r a t i o s  have de  - 
c r e a s e d  f o r  w e l l s  a f f e c t e d  by R I  f l u i d .  The COz/HzS 
r a t i o  c?eclir ,e is c o n s i s t e n t  w i t h  t h e  r e l a t i v e  e n r i c h -  
mer,t of H2S o v e r  CO2 i n  t h e  remnininq l i q u i d  phase 
a f t e r  f l a s h .  C02 and H2S r e s p o n s e s  have been more 
complex than  t h o s e  o f  t h e  n o n- r e a c t i v e  1 i qu id  c o n s t i -  
t u e n t s .  These have been c l e a r  o n l y  i n  t h o s e  w e l l s  
which have remained s i n q l e  phase wi th  a hiiqh’I f l U i 6  
component. 



4 3  

HARPER 

v t n e r  Pa rame te r s  

A s i g n i f i c a n t  pH s h i f t  fo r  reservoir f l u i d  h a s  been 
obse rved  f o r  w e l l s  w i t h  h i g h  R I  r e t u r n s .  T h i s  h a s  
been  exp l a ined  i n  terms of g a s  d e p l e t i o n  of r e s e r v o i r  
f l u i d  a s  R I  f l u i d  component i n c r e a s e d .  T h i s  estab- 
l i s h e d  t h a t  R I  f l u i d  d i d  n o t  r e - e q u i l i b r a t e  w i t h  t h e  
feldspathic-quartz,alumino-silicate, p H  c o n t r o l l i n g  
m i n e r a l  phases  p r i o r  t o  b e i n g  r e- d i scha rged .  The 
r e s e r v o i r  p H  fo r  OK7 h a s  shown a 1.40 u n i t  s h i f t  f r o m  
5.80 (290°C) t o  7.20 (285OC) d u r i n g  e x p l o i t a t i o n .  

Molar r a t i o s  have  been p l o t t e d  a g a i n s t  c h l o r i d e  ( f i g .  
10) i n  terms of t h e  f r a c t i o n  o f  R I  f l u i d  as d e s c r i b e d  
by  eqn. ( 1 ) .  T h i s  enab l ed  a compsr ison  o f  i o n  beha- 
vior  w i t h  a known non F e a c t i v e  i o n  and also i n c r e a s i n g  
RI r e t c r n s .  
expec t ed  f c r  non-react?%e behav iou r .  R a t i o s  
p l o t t e d  i n  f i g .  10 f o r  OK7 d a t a ,  show t h a t  L i ,  N a ,  K 
and  B were ncn- reac t i ve  a t  a l l  levels of R I  r e t u r n ,  

A r a t i o  (k ) o f  approx.  1 .O would b e  

Data f o r  t h e  p e r i o d  S e p t .  83' to  Fcb. 8 4 '  showed t h a t  
PN22D was becoming i n c r e a s i n g l y  a c i d i c .  T h i s  occur-  
rence  wan t h e  f i r s t  d e t e c t e d  i n  t h e  p r o d u c t i o n  s e c t o r .  
The a c i d i c  d i s c h a r g e  was c h a r a c t e r i s e d  by low pH and 
C1-, and h igh  SO:-, Mg2+ and H2S c o n c e n t r a t i o n s .  
Samples c o l l e c t e d  a t  a tmospher ic  p r e s s u r e  showed a pH 
d e c l i n e  t o  4.23 (28°C) under  f u l l y  open c o n d i t i o n s .  
When t h e  w e l l  w a s  t h r o t t l e d  t h e  DH decl i r .ed  t o  3 . 6 3  

w i t h i n  t h e  t i m e  t aken  f o r  R I  f l u i d  t o  b e  re- discharged.  
( 2 8 0 c ) .  

T h i s  was i n  c o n t r a s t  t o  chances  i n  C1/S04 and Ca/Mg 
r a t i o s .  These changes  r e f l e c t e d  s table s u l p h a t e  and 
magnesium c o n c e n t r a t i o n s  bc t  v a r i a b l e  c h l o r i d e  and 
ca l c ium r e s p e c t i v e l y .  
be exp l a ined  by  CCl I R I  v a r i a t i o n s .  However, d i f  f e r en -  
ces i n  Ca/Mg r a t i o  f o r  t h e  same R I  r e t u r n  e.g.  0 .80 ,  
w e r e  t hough t  t o  r e f l e c t  v a r i a b l e  r a t e s  o f  d i s s o l u t i o n  
o f  c a l c i t e .  

V a r i a t i o n s  i r ?  C1/so4 r a t i o  can  

1 
OK-7 Molar 

0 .8 -  

Magnesium h a s  proved t o  b e  a u s e f u l  s i q n a t u r e  for  a c i d i c  
f l u i d ,  hecause  it i s  more mobi le  under  t h e s e  c o n d i t i o n s .  
Maqnesium c o r s e n t r a t i o n s  i n  PN22D i n c r e e s e d  s i g n i f i c z n t l y  
p r i o r  t o  a r e c o g n i s a b l e  pH d e c l i n e  or  [Sod RES i n c r e a s e s .  
Md RES was approx. 0.15 Mg/kg under  n e u t r a l  c c n d i t i o n s  

and  i n c r e a s e d  to  2-50  mg/ kg unds r  a c i d i c  c o n d i t i o n s .  
Unl ike  a l l  o t h e r  w e l l s ,  bo th  PN20D ar-.d 22D have  shown 
i n c r e a s e s  i n  [Mq]ES. 

Anhydr i te  o b s t r u c t i o n s  i n  b0t.h w e l l s ,  a r e  b e l i e v e d  t o  
have  r e s u l t e d  i n  a chafige ir. t h e  r e l a t i v e  c o n t r i b u t i o n  
of aci2i.c and n e u t r a l  f l u i d s  t o  t h e  d i s c h a r g e .  

PN20D i s  used  €or r e s e r v e  p roduc t i on .  
t a k e n  o u t  o f  s e r v i c e  pendinq t h e  r e s u l t s  o f  a s t u d y  t o  
s e a l  off a c i d i c- s u l p h a t e  p roduc t i on .  

PN22D h a s  been 

SILICA DEPOSITION 

The s e p a r a t i o n  p r e s s u r e  f o r  Paln-I-, ( 0 . 7 0 i . 1 ~ ~ -  abs.) was 
chosen or. t h e  b a s i s  o f  s p e c i f i e d  t u r b i n e  i n l e t  pr;ssure,  
s team supp ly  de s ign  c o n s i d e r a t i o n s  and e s t i m a t e d  s i l i c a  
c m c e n t r a t i o n s  f o r  t k e  f l a s h e d  f l u i d .  Amorphous s i l i c a  
s a t u r a t i o n  i ndeces  ranged from < 1 .O to  1.30 f o r  sepa-  
r a t e d  l i q u i d  a t  165OC. 
and documented f i e l d  evidence  (Weres e t  al., 1980) and 
measured t r a n s i t  t i m e s  f o r  t h e  s e p a r a t e d  l i q u i d  to 
r e a c h  KI wel lheads ,  ( 5- 8  mins.)  , d e p o s i t i o n  shou ld  have  
been c c n t r o l l e d  by t h e  s low r a t e ,  mo lecu l a r  d e p o s i t i o n  
mechanism. However, h e a v i e r  dq)os i t i . cn  t h a n  would be 
expec t ed ,  h a s  been ohserved i n  R I  lir?cs. Ana lys i s  o f  
t h i s  s c a l e  under  a scanninq e l e c t r o n  microscope  h a s  
r e v e a l e d  t h z t  t h e  d e p o s i t s  were l a r q e l  y c o l l o i d a l  i n  
n a t u r e  and cemented by molecli lar  (amorphous) s i l i c a .  

On t h e  b a s i s  o f  expe r imen ta l  

MINERAL DEPOSITION 

C a l c i t e  d e p o s i t i o n  occu r r ed  e a r l y  i n  t h e  d i s c h a r g e  
h i s t o r y ,  a t  or n e a r  t h e  f l a s h  p o i n t  i n  wells PN13D,15D 
and 21D. 
deq ree  o f  calcite s a t u r a t i o n  f o r  r e s e r v o i r  and f l a s h e d  

n i n g  problems r e s u l t i n g  from c a l c i t e  d e p o s i t i o n .  
wells produce  from m u l t i p l e  f e eds .  S e v e r a l  have two- 
pbase  p roduc t i on  above t h e  f l a s h- p o i n t  , t h u s  many of 
t h e  b a s i c  c o n s t r a i n t s  of t h e  geochemical  mode l l i ng  
t e chn iques  were n o t  s a t i s f i e d .  I n  v i e w  of t h e s e  l i m i -  
t a t i o n s ,  a p o l i c y  of r e s t r i c t i n g  l o c a l i s e d  drawdown 
w a s  imp le r en t ed ;  t h i s ,  i R  an  e f f o r t  t o  l i m i t  d e p o s i t i o n  
t o  t h e  we l lbo re .  
d e p o s i t i o n  have  been encnun t s r ed .  

- 

P r e d i c t i v e  t e chn iques  used t o  e v a l u a t e  t h e  

f l u j d  have been used w i t h  l i m i t e d  ~ ~ ~ c e s s  ir. forewar-  ~- 

A l l  

NO f u r t h e r  problems w i t h  calci te  

Anhydr i te  d e p o s i t i o n  occu r r ed  i n  OKlOD, PN13D, 20D and 
22D. I t  h a s  formed p r i n c i . p a i l y  w h i l s  t h e  w e l l s  hi.ve . 
been shuE b u t  w a s  b e l i e v e d  to have formed i n  some c a s e s  
d u r i n q  d i s c h a r g e .  
to t h e  admix tu re  of s u l p h a t e  r i c h  f l u i d  whi-ch downflowed, 
with-deeper, h o t t e r ,  calcicm r i c h  n e u t r a l  f l u i d .  
s m a l l  i n f l o w  o f  s u l p h a t e- r i c h  f l u i d  appeared t o  be  
more common under  s h u t  c o n d i t i o n s .  Hence, a p o l i c y  of 
b l e e d i n g  or con t i nuous  d i s c h a r g e  o f  s u s c e p t i b l e  w e l l s  
h a s  been implemented. 

Depos i t i on  i n  t h e  s h u t  xell w a s  due  

The 

ACIDITY 

PN22D became a c i d i c  a f t e r  a r e l a t i v e l y  s h o r t  pericjd of 
d i s c h a r q e  
o f  an a c i d i c ,  s u l p h a t e  r i c h  feed .  S u l p h a t e  r i c h  f l u i d  
was r ecoqn i sed  a t  sha l l ow  l e v e l s  i n  t h e  p roduc t i on  
r e s e r v o i r  frcm t h e  e a r l y  d i s c h a r g e  of t h e  s h a l l o w  
e x p l o r a t i o n  w e l l ,  OK2. 
i n  t o t a l  d i s c h a r g e  w a s  n o t  d e t e c t e d  for  any ded i ca t ed  
p r c d u c t i o n  w e l l  d u r i n g  r o u t i n e  o u t p u t  t e s t i n g .  
t h e l e s s ,  it w a s  r e cogn i sed  t h a t  t h i s  f l u i d  r e p r e s e n t s  
p o t e n t i a l  r e c h a r g e  unde r  exp lo i t a t . i on .  

t o  Paln- I ;  PN2OD has  r e c e n t l y  shown s i g n s  

A s u l p h a t e- r i c h  f l u i d  component 

Never- 
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These d e p o s i t s  r e f l e c t  d e p o s i t i o n  from a p a r t i a l l y  
po lymer i sed  f l u i d .  These o b s e r v a t i o n s  have s t i l l  
t o  be r e c o n c i l e d  w i t h  a v a i l a b l e  exper imenta l  and f i e l d .  
d a t a .  Debr i s  from e? . r ly  ccmmissi.oning and e j e c t e d  
c u t t i n g s  may have seeded d e p o s i t i o n .  To d a t e  s i l i c a  
d e p o s i t i o n  h a s  been c o n s i d e r e d  o p e r a t i o n a l l y  a c c e p t a b l e .  

SUMMARY AND CONCLUSIONS 

The r e t u r n  of i n j ec t ec !  f l u i d  t o  t h e  p roduc t ion  s e c t o r  
has  been confi rmed and q u a n t i f i e d .  F i e l d  mana-qement 
d e c i s i o n s  have been made on t h e  b a s i s  o f  c h l o r i d e  
moni to r ing  and t r a c e r  t e s t s .  These have p r i n c i p a l l y  
concerned t h e  c h o i c e  o f  r e i n j e c t i o n  w e l l s .  

Wells OK12RD, PNGRD an?. 7RD which showed good communi- 
c a t i o n  w i t h  t h e  p r o d u c t i o n  s e c t o r  have been c l a s s i f i e d  
as l o w  p r i o r i t y  i n j e c t o r s .  On t h e  b a s i s  of bo th  
chemical  and p r e s s u r e  responses  t h e  c u r r e n t l y  p r e f e r r e d  
r e i n j e c t i o n  w e l l  c o n f i q u r a t i o n  is ,  PNZRD, 4RD, 5RD and 
8RD. 

The r e t u r n  o f  i r . j e c t e d  f l u i d  to t h e  p r o d u c t i o n  s e c t o r  
has had. no a d v e r s e  impact  on p r o d u c t i o n .  P r e s s u r e  
and chemical  r e s p o n s e s  have shown s i g n i f i c a n t  recharge  
from a n o t h e r  s o u r c e .  

A n a l y s i s  of prcduced f l u i d  ha.s confirmed a t r e n d  o f  
i n c r e a s e d  s a t u r a t i o n  w i t h  r e s p e c t  t o  c a l c i t e .  However, 
calcite d e p o s i t i o n  t o  d a t e  h a s  n o t  been a mr jo r  
problem. 

The f o r n a t i o n  of a n h y d r i t e  d e p o s i t s  i n  t h e  w e l l  bore  
is  avoided where p r a c t i c a b l e  by c c n t i n u o u s  d i s c h a r g e .  
T h i s  is c o n s i d e r e d  impor tan t  s t r a t e g y  f o r  t h e  c o n t r o l  
of p r o d u c t i o n  frcm sha l low a c i d i c  f e e d s .  
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