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Both c a l c i t e  and a n h y d r i t e  d e p o s i t i o n  o c c u r s  i n  
geo the rmal  w e l l s  i n  t h e  P h i l i p p i n e s .  I n  a n  
a t t e m p t  t o  p r e d i c t  ca lc i t e  d e p o s i t i o n  and 
d e t e r n i n e  a d e p o s i t i o n  mechanism f o r  a n h y d r i t e  t h e  
so lubi l i t i es  of t h e s e  m i n e r a l s  have been 
c a l c u l a t e d  u s i n g  a computer a l g o r i t h m  which 
c a l c u l a t e s  chemica l  s p e c i a t i o n  i n  s a l i n e  f l u i d s  a t  
h i g h  t e m p e r a t u r e s  and which c a n  model t h e  
p r o c e s s e s  o f  f l a s h i n g  and mixing. 

Calc i te  and  a n h y d r i t e  a r e  b o t h  c l o s e  t o  s a t u r a t i o n  
i n  p r e f l a s h e d  geo the rmal  f l u i d s  i n  t h e  P h i l i p p i n e  
geothermal  f i e l d s  s t u d i e d .  A f t e r  f l a s h i n g  
however, calci te  is  computed t o  become 
s i g n i f i c a n t l y  o v e r s a t u r a t e d  i n  t h e  m a j o r i t y  o f  
w e l l s  s t u d i e d  whereas  a n h y d r i t e  is  computed t o  
become s i g n i f i c a n t l y  u n d e r s a t u r a t e d .  Ca lc i t e  
s c a l i n g  p rob lems ,  however, h a v e  been  r e s t r i c t e d  t o  
low t e m p e r a t u r e  w e l l s .  

Mixing of  h i g h  s u l p h a t e  waters w i t h  modera te ly  
ca lc ium r i c h  r e s e r v o i r  f l u i d s  i s  conc luded  t o  be a 
s t r o n g  d e p o s i t i o n a l  mechanism f o r  a n h y d r i t e  
d e p o s i t i o n  i n  w e l l s  and may p r o v i d e  a t e c h n i q u e  t o  
c o n t r o l  h i g h  s u l p h a t e  i n f l o w s .  

INTRODUCTION 

C a l c i t e  s c a l i n g  w i t h i n  t h e  w e l l b o r e  o f  geo the rmal  
w e l l s  i n  r e s p o n s e  t o  f l a s h i n g  o f  r e s e r v o i r  f l u i d s  
is a common problem, p a r t i c u l a r l y  i n  l o w e r  
t empera tu re  f i e l d s .  I n  t h e  P h i l i p p i n e s  c a l c i t e  
s c a l i n g  p rob lems  have been  e x p e r i e n c e d  i n  a number 
o f  r e l a t i v e l y  low t e m p e r a t u r e  ( < 2 2 O o C )  e x p l o r a t i o n  
w e l l s .  

Anhydri te  d e p o s i t i o n  w i t h i n  t h e  w e l l b o r e  i s  a much 
less common phenomena b u t  h a s  been  exper ienced  i n  
a s i g n i f i c a n t  number o f  w e l l s  i n  t h e  P h i l i p p i n e s .  
I n  c o n t r a s t  t o  c a l c i t e  d e p o s i t i o n ,  a n h y d r i t e  
d e p o s i t i o n  h a s  been  obse rved  t o  o c c u r  more 
commonly when a well is s h u t  i n  a f t e r  a d i s c h a r g e  
test. 

A t  Bacon-Manito, i n  t h e  P h i l i p p i n e s ,  downhole 
sampling h a s  i d e n t i f i e d  h i g h  s u l p h a t e  i n f l o w s  i n  a 
number of w e l l s ,  a l l  o f  w h i c h  h a v e  d e v e l o p e d  
a n h y d r i t e  b lockages  a t  ( o r  n e a r )  t h e  i n f l o w  dep th .  

I n  a n  a t t e m p t  t o  p r e d i c t  t h e  o n s e t  o f  c a l c i t e  
s c a l i n g  and  t o  e s t a b l i s h  a d e p o s i t i o n a l  mechanism 
f o r  a n h y d r i t e ,  t h e  s o l u b i l i t i e s  o f  c a l c i t e  and 
anhydr i t e  were c a l c u l a t e d  f o r  geo the rmal  f l u i d s  
under  downhole c o n d i t i o n s  u s i n g  a downhole 
c h e m i s t r y  computer program. Two se t s  o f  
c o n d i t i o n s  were c o n s i d e r e d ;  w h e r e  a s i n g l e  phase  
f l u i d  from a s i n g l e  feed. f l a s h e s  i n  t h e  w e l l b o r e  
and where s e p a r a t e  f e e d  zones o f  d i f t ' e r e n t  
c h e m i s t r y  mix. 

METHOD 

The  c o m p u t e r  a l g o r i t h m  u s e d  i s  a m o d i f i e d  a n d  
upda ted  v e r s i o n  o f  t h e  downhole c h e m i s t r y  program 
of T r u e s d e l l  and S i n g e r s  ( 1 9 7 1 ) .  T h i s  program 
~ i l c u l a t e s  t h e  c o n c e n t r a t i o n s  o f  chemica l  
c o m p o n e n t s  a n d  s p e c i a t i o n  i n  a h o t  g e o t h e r m a l  

b r i n e  f r o m  s e p a r a t e d  steam a n d  wa te r  a n a l y s e s  
collected from a d i s c h a r g i n g  w e l l .  

I n  sampling a d i s c h a r g i n g  w e l l ,  s amples  o f  
separated steam and water are  normal ly  t a k e n  o f f  
t h e  h o r i z o n t a l  d i s c h a r g e  F ipe .  A knowledge o f  t h e  
d i s c h a r g e  e n t h a l p y  o f  t h e  w e l l  i s  r e q u i r e d  i n  
o r d e r  t o  combine t h e  a n a l y s e s  o f  t h e  t w o  phases  
and  hence d e r i v e  t h e  compos i t ion  o f  t h e  r e s e r v o i r  
f l u i d  p r i o r  t o  s e p a r a t i o n .  

An a l t e r n a t i v e  sampl ing  t e c h n i q u e  i n v o l v e s  r u n n i n g  
a downhole sample r  i n t o  t h e  w e l l  a t  low mass- flow 
rates  t o  o b t a i n  a sample of r e s e r v o i r  f l u i d  prior 
to f l a s h i n g .  However, t h e r e  are  problems 
associated w i t h  t h i s  sampl ing  t e c h n i q u e .  It i s  
o f  t e n  d i f f i c u l t  t o  o b t a i n  r e p r e s e n t a t i v e  samples  
due t o  d i f f e r e n t i a l  f l a s h i n g  o f  f l u i d s  i n t o  t h e  
sample r  or  l e a k a g e s  w h i l e  r u n n i n g  i n  o r  o u t .  It 
i s  a l s o  d i f f i c u l t  t o  o b t a i n  s a t i s f a c t o r y  
non- condensible  g a s  c o n c e n t r a t i o n s  i n  downhole 
samples and a rel iable method f o r  d o i n g  t h i s  h a s  
y e t  t o  b e  d e v i s e d .  

A number of assumpt ions  a r e  i n h e r e n t  i n  any 
a t t e m p t  t o  combine s t eam and water a n a l y s e s  t o  
c a l c u l a t e  t h e  chemica l  compos i t ion  of t h e  
p r e f l a s h e d  r e s e r v o i r  f l u i d .  Assumptions a r e  made 
t h a t  f l a s h i n g  o c c u r s  a d i a b a t i c a l l y  a n d  i n  o n e  
stage, t h a t  no d e p o s i k i o n  o r  l e a c h i n g  of m i n e r a l s  
o c c u r s  a n d  t h a t  e q u i l i b r i u m  c o n d i t i o n s  e x i s t  f o r  
a l l  chemica l  and p h y s i c a l  p r o c e s s e s .  

If  t h e  w e l l  d i s c h a r g e  e n t h a l p y  i s  e q u a l  t o  t h e  
e n t h a l p y  of water a t  t h e  r e s e r v o i r  t e m p e r a t u r e  
t h e n  t h e  w e l l  i s  f e e d i n g  f r o m  a s i n g l e  p h a s e ,  
l i q u i d  water r e s e r v o i r  and c a l c u l a t i o n  of  
s p e c i a t i o n  a t  t h e  r e s e r v o i r  t e m p e r a t u r e  i s  
r e l a t i v e l y  s t r a i g h t f o r w a r d .  I f ,  however, t h e  
d i s c h a r g e  e n t h a l p y  i s  s i g n i f i c a n t l y  h i g h e r  t h a n  
t h e  e n t h a l p y  o f  water  a t  t h e  r e s e r v o i r  t e m p e r a t u r e  
t h a n  t h e  s i t u a t i o n  is  more complex. 

Excess  d i s c h a r g e  e n t h a l p y  o c c u r s  when phase  
s e p a r a t i o n  i n  t h e  r e s e r v o i r  r e s u l t s  i n  a w e l l  
d i s c h a r g e  t h a t  c o n t a i n s  e x c e s s  steam. T h r e e  b a s i c  
models  f o r  e x c e s s  e n t h a l p y  d i s c h a r g e s  can  b e  
invoked;  a steam c a p ,  two f e e d  zones and  f l a s h i n g  
f low ( G r a n t  and Glover ,  1984) .  

The f i r s t  t w o  m o d e l s  a r e ,  i n  p r a c t i c a l  t e r m s ,  
l a r g e l y  i n d i s t i n g u i s h a b l e  and are model led i n  t h e  
same way by a downhole c h a n i s t r y  program. The  
program assumes t h a t  phase s e p a r a t i o n  h a s  o c c u r r e d  
i n  t h e  r e s e r v o i r  and hence c a l c u l a t e s  t h e  f r a c t i o n  
o f  s team p r e s e n t  i n  t h e  r e s e r v o i r  from t h e  
d i s c h a r g e  e n t h a l p y  of t h e  w e l l .  The gas c o n t e n t  
i n  t h e  t o t a l  d i s c h a r g e  i s  assumed t o  be . 

p a r t i t i o n e d  between t h e  t w o  p h a s e s  i n  t h e  
r e s e r v o i r  and downhole s p e c i a t i o n  i s  c a l c u l a t e d  on 
t h i s  b a s i s .  

I n  t h e  case o f  f l a s h i n g  f low t h e  downhole 
c h e m i s t r y  program assumes t h a t  t h e  g a s e s  i n  t h e  
t o t a l  d i s c h a r g e  are  d i s s o l v e d  i n  t h e  r e s e r v o i r  
l i q u i d  w a t e r  away from t h e  we l l- bore  and 
s p e c i a t i o n  i s  c a l c u l a t e d  on t h i s  b a s i s .  
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cope e t  a1 

There i s  a r e a s o n a b l e  d e g r e e  o f  u n c e r t a i n t y  i n  
e s t a b l i s h i n g  whether  exces s  d i s c h a r g e  en tha lpy  
d e r i v e s  from a steam zone o r  f l a s h i n g  f low and 
t h i s  d e c r e a s e s  t h e  r e l i a b i l i t y  o f  c a l c u l a t e d  
m i n e r a l  s o l u b i l i t i e s  i n  such  w e l l s .  

I n  o r d e r  t o  e l i i n i n a t e  a s  many a r e a s  o f  u n c e r t a i n t y  
as p o s s i b l e ,  t h e  mode l l i ng  s t u d i e s  r e p o r t e d  on 
h e r e  o n l y  i n c l u d e  d a t a  Erom w e l l s  which do  n o t  
have e x c e s s  d i s c h a r g e  e n t h a l p y  and which have o n l y  
one  major  i n f l o w  zone under  d i s c h a r g i n g  
c o n d i t i o n s .  

F l a s h i n g  was model led  i n  20°C s i n g l e  s t a g e  s t e p s  
from t h e  f l a s h  p o i n t  t empe ra tu r e  i n  each  well down 
t o  1oooc. 

i4ixing was model led  by combining downhole samples 
of a c i d  s u l p h a t e  w a t e r s  w i t h  a computed downhole 
n e u t r a l  c h l o r i d e  r e s e r v o i r  f l u i d  o b t a i n e d  from 
s u r f  ace samples .  

Because o f  a l a c k  o f  g a s  a n a l y s e s  € o r  downhole 
samples  it was n o t  p o s s i b l e  t o  model t h e  e f f e c t  o n  
c a l c i t e  s a t u r a t i o n  o f  m ix ing  a b i c a r b o n a t e  water 
w i th  n e u t r a l  c h l o r i d e  f l u i d .  A nominal g a s  
c o n t e n t  w a s  assuied f o r  t h e  a c i d  s u l p h a t e  downhole 
samples.  

The s o l u b i l i t y  of c a l c i t e  and a n h y d r i t e  w a s  
d e t e r m i n e d  b y  c o m p a r i n g  t h e  p r o d u c t  o f  t h e  
a p p r o p r i a t e  i o n  a c t i v i t i e s  w i t h  thermodynamical ly  
d e r i v e d  e q u i l i b r i u m  c o n s t a n t s  f o r  t h e  r e a c t i o n s :  

ca2+ + C O ~ =  = CaCO3 (ca lc i te )  

2 +  - - 
C a  + SO4 = CaS04 ( a n h y d r i t e )  

where 
2+ = 

K (CaC03) = aCa . a C 0 3  
SP 

Ksp (CaS04) 

T h i s  f o l l o w s  t h e  method u sed  by Arnorssen  e t  a1 
( 1 3 8 2 )  w h i c h  i s  t h e  s o u r c e  o f  t h e  e q u i l i b r i u m  
c o n s t a n t s  used .  T h i s  method d i f f e r s  from o t h e r s  
which e v a l u a t e  such  v a r i a b l e s  as pH o r  pC0 t o  
c a l c u l a t e  c a l c i t e  s o l u b i l i t y  o n l y  i n  t h e  var?able 
e v a l u a t e d .  

RESULTS OF WELL MODELLING 

A l l  t h e  w e l l s  u s e d  i n  t h i s  s t u d y  a r e  f r o m  t h e  
Bacon-Manito geothermal  f i e l d  i n  Luzon excep t  f o r  
BN-2 which  i s  o n  B i l i r a n  I s l a n d ,  o f f  t h e  coast o f  
Leyte .  

One o f  t h e  low t empe ra tu r e  (<22OoC) e x p l o r a t i o n  
w e l l s  a t  Tongonan, b y t e  (TGE-4) formed a c a l c i t e  
scale  a t  t h e  f l a s h p o i n t  upon d i s c h a r g e  b u t  i s  n o t  
i n c l u d e d  h e r e  because  of  t h e  v e r y  c l o s e  s i m i l a r i t y  
between t h e  mo5elling data f o r  t h i s  well and >IC-2. 

Wells a t  Sou the rn  Negros have  developed bo th  
c a l c i t e  and a n h y d r i t e  s c a l e s  b u t  w e r e  exc luded 
from t h i s  s t u d y  on t h e  b a s i s  o f .  e x c e s s  e n t h a l p y , .  
m u l t i  f e e d  zones  o r  i n s u f f i c i e n t  chemica l  d a t a .  
Some work h a s  been c a r r i e d  o u t ,  however, on 
c a l c u l a t i o n  of m i n e r a l  s o l u b i l i t i e s  i n  Southern  
Negros w e l l s .  ( J o rdan ,  1982) 

Chemical a n a l y s e s  f o r  t h e  wells chosen a r e  shown 
i n  T a b l e  1 and  t h e  r e s u l t s  of  m o d e l l i n g  t h e  
e f f e c t s  of a d i a b a t i c  f l a s h i n g  on  a n h y d r i t e  and 
c a l c i t e  s o l u b i l i t y  a r e  shown i n  F igu re s  1 and 2 
r e s p e c t i v e l y .  

As t h e  f l a s h  t e m p e r a t u r e  d e c r e a s e s  t h e r e  i s  a 
t r e n d  towards  i n c r e a s e d  s o l u b i l i t y  o f  a n h y d r i t e  a s  
a r e s u l t  of t h e  i n v e r s e  s o l u b i l i t y  o f  t h i s  
m ine ra l .  A n e t  i n c r e a s e  i n  s o l u b i l i t y  w i th  
d e c l i n i n g  t empe ra tu r e  o c c u r s  i n  a f l a s h i n g  b r i n e .  
Th i s  i s  d e s p i t e  a c o u n t e r a c t i n g  d e c r e a s e  i n  
s o l u b i l i t y  c aused  b y ;  a n  i n c r e a s e  i n  t h e  a c t i v i s y  
of SO ( t h r o u g h  i n c r e a s e d  d i s s o c i a t i o n  o f  HS04 ) 
as th% pH rises due to  ga s  d i s s o l u t i o n ,  and  t h e  
concent ra t ion  of t h e  b r i ne  a f t e r  stem separation.  

- 

I so the rma l  b o i l i n g  cou ld  g i v e  rise t o  a n h y d r i t e  
d e p o s i t i o n  b u t  t h e r e  a r e  no known o c c u r r e n c e s  o f  
a n h y d r i t e  d e p o s i t i o n  i n  w e l l s  a s  a r e s u l t  of t h i s  
p roces s .  

F igu re  2 shows t h e  mode l l i ng  o f  c a l c i t e  s a t u r a t i o n  
a f t e r  s i n g l e  s t a g e  f l a s h i n g  ( i n  2OoC s t e p s )  from 
t h e  r e s e r v o i r  t empe ra tu r e  a t  t h e  f l a s h  p o i n t  down 
t o  100OC. Rese rvo i r  f l u i d s  p r i o r  t o  f l a s h i n g  f o r  
a l l  w e l l s  e x c e p t  I;4-1 a r e  c a l c u l a t e d  to  be  
s i g n i f i c a n t l y  u n d e r s a t u r a t e d  w i th  r e s p e c t  t o  
ca lc i te .  The r e s e r v o i r  t empe ra tu r e  a t  t h e  i n f l ow  
p o i n t  t o  t h e  w e l l  i s ,  i n  m o s t  cases ,  a l i t t l e  
h i g h e r  t h a n  t h e  f l a s h  p o i n t  t empe ra tu r e  and it  is  
assumed t h a t  t h e  f l u i d  c o o l s  conduc t i ve ly  from t h e  
i n f l o w  t e m p e r a t u r e  down t o  t h e  f l a s h  tempera ture .  
Because ca lc i te  h a s  a n  i n v e r s e  s o l u b i l i t y -  
t empera tu r e  r e l a t i o n s h i p ,  most of t h e  well-bore 
f l u i d s  p l o t t e d  i n  F i g u r e  1 w i l l  b e  c l o s e r  t o  
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  a t  t h e  
r e s e r v o i r  t empe ra tu r e  thal .  shown. However , it 
must b e  borne  i n  mind t h a t  t h e  c a l c u l a t e d  deg ree  
of s a t u r a t i o n  o f  un f l a shed  r e s e r v o i r  f l u i d  wi th  
r e s p e c t  t o  c a l c i t e  is  de t e rmined  e m p i r i c a l l y ,  n o t  
a b s o l u t e l y ;  as o u t l i n e d  by i l rnorsson  e t  a 1  (1982) 
i n  t h e i r  d i s c u s s i o n  on t h e i r  c h o i c e  o f  a s s o c i a t i o n  
c o n s t a n t  f o r  CaHC03. 

The r a p i d  d e c r e a s e  i n  t h e  s o l u b i l i t y  o f  ca lc i te  
t h a t  o c c u r s  w i t h  t h e  o n s e t  o f  f l a s h i n g  resglts 
from a l a r g e  i n c r e a s e  i n  t h o  a c t i v i z y  o f  C03  i n  
r e sponse  t o  t h e  r i s i n g  p H  due t o  g a s  d i s s o l u t i o n .  
T h i s  more t h a n  overcomes t h e  i n c r e a s e d  s o l u b i l i t y  
a t  lower t empe ra tu r e s .  

- 

The e f f e c t s  o f  mixing an  ac id- su lpha t e  water w i th  
n e u t r a l  c h l o r i d e  r e s e r v o i r  f l u i d  can  a l s o  be  
model led  w i t h  t h e  downhole chemis t ry  program, 
d e s p i t e  t h e  l i m i t a t i o n s  o f  t h i s  program f o r  t h e  
c a l c u l a t i o n  o f  h i g h  t empe ra tu r e  s p e c i a t i o n  i n  
a c i d i c  f l u i d s .  (Due t o  a l a c k  o f  a n a l y t i c a l  d a t a  
fo r  aluminium and i nadequa t e  thermodynamic d a t a  
f o r  i r o n  and aluminium complexes a t  h igh  
t empe ra tu r e s .  ) 

The w e l l  CN-1 developed on a n h y d r i t e  b lockage  a t  
a round 1600 mm d e p t h  soon a f e r  be ing  s h u t - i n  a f t e r  
a d i s c h a r g e  t e s t .  The a n a l y s e s  o f  two downhole 
samples  t aken  a t  1150 m and 1400 m dep th  a r e  shown 
i n  Tab l e  1. These a c i d  w a t e r s  on ly  f l ow  i n t o  t h e  
w e l l  under s h u t- i n  c o n d i t i o n s ,  permeable zones a t  
t h e s e  d e p t h s  b e i n g  unde rp re s su red  r e l a t i v e  t o  t h e  
major p roduc ing  zone (2300-2450 m )  under  d ischarg-  
i n g  c o n d i t i o n s .  

AS shown i n  F i g u r e  3, one  of t h e  ac id- su lpha t e  
samples  i s  c a l c u l a t e d  t o  be  u n d e r s a t u r a t e d  and t h e  
o t h e r  c o n s i d e r a b l y  o v e r s a t u r a t e d  w i th  r e s p e c t  to  
a n h y d r i t e  a t  t h e  t empe ra tu r e  of i n f l ow  i n t o  t h e  
w e l l .  The n i x i n g  of  a s m a l l  pe r cen t age  o f  t h e s e  
a c i d  waters w i t h  t h e  n e u t r a l  c h l o r i d a  r e s e r v o i r  
f l u i d s  i s  s u f f i c i e n t  t o  cause  s i g n i f i c a n t  over-  
s a t u r a t i o n  t o  occu r .  

F i g u r e  1 s u g g e s t s  t h a t  r e s e r v o i r  f l u i d s  a t  Bacon- 
Manito a r e  c l o s e  t o  s a t u r a t i o n  w i t h  r e s p e c t  t o  
a n h y d r i t e  and t h i s  i s  s u p p r t e d  by t h e  occu r r ence  
of t h i s  m i n e r a l  i n  r e s e r v o i r  r ocks .  Geothermal 
f l u i d s  a t  Tongonan and Sou the rn  Negros have  a l s o  
been found t o  b e  c l o s e  t o  s a t u r a t i o n  w i t h  r e s p e c t  
t o  a n h y d r i t e ,  v a l i d i d a t i n g  t h e  u s e  of a n h y d r i t e  as 
a geothermometer i n  t h e s e  f i e l d s  (Bog ie ,  1983) .  
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DISCUSSION 

Of t h e  w e l l s  shown i n  F i g u r e  2 o n l y  two h a d  
c a l c i t e  s c a l i n g  problems;  NO-2 developed a 
c a l c i t e  s c a l e  a t  t h e  f l a s h- p o i n t  which e v e n t u a l l y  
c o n s t r i c t e d  t h e  d i s c h a r g e ,  and BN-2 developed an 
a r a g o n i t e  scale i n  t h e  h o r i z o n t a l  d i s c h a r g e  p i p e .  
The d e p o s i t i o n  o f  a r a g o n i t e  i n s t e a d  o f  c a l c i t e  i n  
t h e  d i s c h a r g e  p i p e  of BN-7 can  b e  a t t r i b u t e d  t o  
t h e  l o w  Ca/Ng r a t i o  o f  f l u i d s  f r o m  t h i s  w e l l .  
Although c a l c i t e  is  less s o l u b l e  t h a n  a r a g o n i t e  
normal ly ,  when t h e  Ca/iilg r a t i o  is  . l o w  a r a g o n i t e  
becomes t h e  f avou red  phase  due t o  t h e  i n c r e a s e d  
s o l u b i l i t y  o f  magnesium ca lc i te  (Stumm and :ilorgan, 
1981). 

Log S.P. 
Anhydrite 

Mg can b e  c o n s i d e r e d  a s  a d e p o s i t i o n  i n h i b i t o r  i n  
t h i s  i n s t a n c e  , t h e  g r e a t e r  s o l u b i l i t y  o f  a r a q o n i t e  
ove r  ca lc i te  a c c o u n t i n g  f o r  t h e  f a c t  t h a t  s c a l i n g  
occu r r ed  w e l l  above t h e  f l a s h  p o i n t .  

T h i s  example i n d i c a t e s  t h a t  k i n e t i c  € a c t o r s  can 
exert c o n s i d e r a b l e  c o n t r o l  ove r  d e p o s i t i o n  and 
t h a t  k i n e t i c  f a c t o r s  may be  t h e  c o n t r o l l i n g  
f a c t o r s  a f f e c t i n g  scale b u i l d  up.  Such f a c t o r s  
may i n c l u d e  i n h i b i t o r s  t o  c r y s t a l  g r o w t h  I t h e  
p r e sence  o f  f a v o u r a b l e  n u c l e a t i o n  s i t e s ,  fluid 
Elow v e l o c i t y ,  t h e  deg ree  of t u r b u l e n c e  i n  t:?? 
wel l- bore  and two phase  f l u i d  f low r e g i n e .  

- 9.0 

-8.0 

-7.0 

- 5 ’ 0  

BN-2 -/- 
( U n d e r  s a t u r a t i o n  

_---- 
(Oversaturat ion I 

260 100 120 180 200  2 2 0  240 140 160 

Temperature “C 

F1GiJ.x 1. Tke e f f e c t s  of a c i a b a t i c  b o i l i n 5  on ;“,nhydrite s o l u b i l i t y  a s  oodeled by ELCIZ!. 

TABJX 1 : CHEMICAL DATA FROM WELLS INVESTIGATED I N  TIjJS STUDY 

WELL tio P’i L i  N a  K C a  Mq c1 SO4 13 HC03 SiOa C02* 112S* 

J/G ( 2O0C) C O N C E N T R A T I O N S  I N  M G / K G  

RES FLUID 7 . 8  5 .3  30G0 588 115 0.3 5710 16 25.0 10 560 40 1 .7  

CN- 1 ( 1150m) 3.0 0.0 1170 87 34.7 1 0 2 - 0  355 3040 11.6 0 425 1 0.1  

CN-l(l400m) 3.1 0 .0  1130 104 4.5 17.2 833 1355 10.7 0 425 1 0 . 1  

CM-1 

PAL- 1 

IM-1 

MO-2 

I3N-2 

1200 

935 

1060 

850 

850 

7 . 8  0.0 4647 9J.4 167 

6 . 3  6 . 3  4 5 2 0  572 176 

7.7 5.3 3394 452 143 

7 .0  6 . 3  3351 408 260 

8 . 3  1 . 5  1627 45 9 . 3  

0 . 1  8721 

0 . 5  2254 

0.7 GORO 

0 . 5  6208 

J .8 21.3G 

25 36.4 3 

41  30.6 36 

67 34.5 35 

42 28.3 29 

247 5 n . 6  560 

800 4 0  1.7 

604 1.34 0.9 

560 5 2  1 . 5  

2no 37 0 . 4  

3795013 3.0 

Notes : 

COz* and I I  S *  conccntrat.ions : m n i o l e s / l O O  m o l e s  i n  Total. Discharqe 2 
RES FLUID d a t a  is averaged from discharye d a t a  €rom w e l l  CN-1 and r ep re sen t s  t y p i c J l  r e s e rvo i r  f l u i d  cornposit-ion i f 1  

Racon-Mani t o  f i e l d .  

CN-I (1150111) and C I J - l ( l 4 0 0 m )  are downliola samples takcn a t  a c id  su lpha t e  inf low c le j i ths  under shut- in  condi t ions .  

A l l  o t h e r  data w a s  sepa ra t ed  a t  atmospheric p r e s su re  E r o i n  dj.scharcjinq w e l l s .  
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l o g  S.P. 
Calcite 
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3 I G I J R E  2. The effects  of a d i a b a t i c  b o i l i n 5  on Calci te  s c l u b i l i t l r  as r-.oCeled S y  C::CX!+i. 

0.2 0.4 0.6 0.8 
Reservoir 

(Neutral Chloride) 
Mole Fraction Fluid 

Acid SO4 
Fluid 
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Temperature O C  

FIGURE 3 : Mixing of 272OC R e s e r v o i r  F l u i d  

w i t h  242OC A c i d  S u l p h a t e  F l u i d  i n  Well CN-1. 

T h e  e f f e c t s  o n  Anhydr i t e  s o l u b i l i t l r  as codelled 

by DiiCHEM. 

The accuracy  o f  downhole computer a l g o r i t h m s  i n  
d e t e r m i n i n g  t h e  s o l u b i l i t y  o f  t h e  m i n e r a l s  ca lc i t e  
and a n h y d r i t e  is su5ject t o  t h e  v a l i d i t y  o f  t h e  
thermodynamic d a t a  used  and t o  a n  adequa te  
knowledge of s p e c i a t i o n  i n  h i g h  t e m p e r a t u r e  s a l i n e  
s o l u t i o n s .  A case i n  , p i n t  i s  t h e  d i s s o c i a t i o n  
c o n s t a n t  f o r  CaHCO +. A r n o r s s o n  e t  a1 ( 1 9 8 2 )  
n o t e d  t h a t  t h i s  i o n 3 p a i r  h a s  a s i g n i f i c a n t  e f f e c t  
on  c a l c u l a t e d  ca lc i te  s a t u r a t i o n  and had t o  
i n c o r p o r a t e  empirical h i g h  temperaure v a l u e s  f o r  
I c e l a n d  geo the rmal  f l u i d s  o v e r  t h o s e  v a l u e s  
e x t r a p o l a t e d  f rom low tempera tu re  thermodynamic 
d a t a .  

They o b t a i n e d  t h e i r  emper ica l  d a t a  by  assuming 
t h a t  geo the rmal  f l u i d s  a t  S v a r t s e n g i  were j u s t  
s a t u r a t e d  w i t h  r e s p e c t  t o  ca lc i t e  and  a d j u s t e d  t h e  
d i s s o c i a t i o n  c o n s t a n t  o f  CaHC03 t o  a n  a p p r o p r i a t e  
v a l u e  a t  t h e  r e s e r v o i r  t empera tu re  so t h a t  t h e  
o u t p u t  from t h e i r  WATCH computer program agreed  
w i t h  t h i s  a s sumpt ion .  T h e r e f o r e ,  t h e  d e g r e e  of 
s a t u r a t i o n  c a l c u l a t e d  f o r  o t h e r  geo the rmal  f l u i d s  
u s i n g  t h e  CaHCO i- d i s s o c i a t i o n  c o n s t a n t  d a t a  of 
Arnorsson e t  a1  ?1982) i s  dependent  on t h e i r  b a s i c  
a s sumpt ion  r e g a r d i n g  calci te  s a t u r a t i o n  a t  
S v a r t s e n g i  and t h e  a p p l i c a b i l i t y  o f  t h i s  
a s sumpt ion  t o  o t h e r  f i e l d s .  

However, i t  may b e  t h e  r a t e  o f  change o f  
s a t u r a t i o n  w i t h  t h e  o n s e t  of € l a s h i n g  which is 
impor tan t  i n  p r e d i c t i n g  s c a l i n g  r a t h e r  than  t h e  
c a l c u l a t e d  d e g r e e  oE s a t u r a t i o n  p r i o r  t o  f l a s h i n g .  
As ca lc i te  s c a l i n g  t e n d s  t o  o c c u r  v e r y  c l o s e  t o  
t h e  f l a s h  p o i n t  i n  a w e l l ,  t h e  v e r y  e a r l y  s t a g e  O F  
f l a s h i n g  i s  t h e  p r o c e s s  which shou ld  b e  examined 
i n  m o s t  d e t a i l .  

A s  shown i n  f i g u r e  2 ,  t h e  r a t e  o €  c h a n g e  of 
s a t u r a t i o n  a t  t h e  o n s e t  oE f l a s h i n g  f o r  MO-2 i s  
much g r e a t e r  t h a n  f o r  t h e  h igher  t empera tu re  w e l l s  
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a t  Bacon-Manito. I n  YO-2 a 2OC t empe ra tu r e  drop 
upon f l a s h i n g  r e s u l t s  i n  an  i n c r e a s e  i n  t h e  
a c t i v i t y  s o l u b i l i t y  p r o d u c t  of 0.5 l o g  u n i t  
w h e r e a s  f o r  CN-1 t h e  i n c r e a s e  i s  o n l y  0 .1  l o g  
u n i t .  This d i f f e r e n c e  is a consequence  o f  t h e  
lower s o l u b i l i t y  o f  C 0 2  i n  t h e  M O- 2  f l u i d s  a t  
2OOOC t h a n  i n  t h e  270°C CX-1 f l u i d s .  

Another f a c t o r  t h a t  needs  c o n s i d e r a t i o n  is t h e  
d e c r e a s e  i n  t h e  s l o p e  of t h e  b o i l i n g  p o i n t  f o r  
d e p t h  c u r v e  a t  lower t e m p e r a t u r e s .  

A t empe ra tu r e  d r o p  oE 2OC from 270°C o n  t h e  B.P.D. 
c u r v e  w i l l  o c c u r  ove r  a v e r , t i c a l  d i s t a n c e  of  21.8111 
whereas t h e  same t empe ra tu r e  d rop  from 20O0C w i l l  
o c c u r  o v e r  7.5 m. T h i s  would r e s u l t  i n  a more 
r a p i d  r a t e  o f  s c a l i n g  i n  lower  t empe ra tu r e  w e l l s .  

Anhydr i te  i s  n o t  p r e d i c t e d  t o  form as  a r e s u l t  of 
f l a s h i n g  of geothermal  f l u i d s  and t h i s  is 
c o n s i s t e n t  w i t h  f i e l d  e x p e r i e n c e ,  a n h y d r i t e  
b lockages  b e i n g  found a t  o r  n e a r  t o  zones a t  xh i ch  
ac id- su lpha t e  waters f l ow  i n t o  a w e l l  b u t  n o t  a t  
t h e  f l a s h- p o i n t  of d i s c h a r g i n g  w e l l s .  P h i l i p p i n e  
geothermal  f l u i d s  a r e  q u i t e  s a l i n e  by comparison 
w i t h  t h e  m a j o r i t y  of known geothermal  f i e l d s  and 
a n h y d r i t e  s c a l i n g  problems appea r  more p r e v a l e  
i n  h i g h e r  s a l i n i t y  f l u i d s  due t o  t h e  h i g h  Ca + 

c o n c e n t r a t i o n s  i n  t h e s e  f l u i d s .  A n  i n c r e a s e  i n  H 
a c t i v i t y  o c c u r s  a s  t h e  s a l i n i t y  r i s e s  i n  o r d e r  t o  
ba l ance  + i n c r e a s e d  c a t i o n  c o n c e n t r a t i o n s ,  t h e  
ca t ion/K a c t i v i t y  r a t i o  b e i n g  c o n s t r a i n e d  by-  
mig$ ra log i ca l  b u f f e r s .  (Henley  e t  a l l  1984)  High 
Ca c o n c e n t r a t i o n s  are ma in t a ined  i n  more s a l i n ?  
g e o t h e r m a l  f l u i d s  b e c a u s e  o f  _the - i n c r e a s e d  H 
a c t i v i t y  and hence  d e c r e a s e d  C03 

Anhydr i te ,  as a v e i n  f i l l i n g  and groundmass 
m i n e r a l  i s  q u i t e  common i n  t h e  upper p a r t  of t h e  
Bacon-Manito reservoir (Leach and Beaza, 1985) 
where a c i d- s u l p h a t e  waters produced above t h e  
water t a b l e  enc roach  on t o  t h e  n e u t r a l  reserroir.  
Acid- sulphate  waters h a v e  been found t o  p e r c o l a t e  
a s  deep  as 1600 m i n t o  t h e  r e s e r v o i r ,  p r i n c i p a l l y  
down res t r i c ted  s t r u c t u r a l  channe l s ;  t h e  chemica l  
and i s o t o p i c  compos i t i on  r ema in ing  remarkable  
i n t a c t  a s  a r e s u l t  of a h y d r o l o g i c  b a r r i e r  be txeen  
t h e  f l u i d  t y p e s  formed th rough  a n h y d r i t e  
d e p o s i t  i o n .  

45: 

a c t i v i t y .  

I t  i s  s u g g e s t e d  t h a t  t h e  a n h y d r i t e  b lockages  t h a t  
have  been encoun te r ed  i n  geothermal  w e l l s  c o u l d  be  
e i t h e r  c o n t r o l l e d  or e l i m i n a t e d  by i n j e c t i n g  Ca+ 

r i c h  f l u i d s  i n t o  w e l l s  which have  b lockages  or 
h igh  s u l p h a t e  i n f l o w s .  

The mixing of t h e  two f l u i d  t y p e s  w i t h i n  permeable  
f r a c t u r e s  which c o n t a i n  a c i d- s u l p h a t e  w a t e r s  may 
r e s u l t  i n  t h e s e  zones  becoming b locked up  w i th  
a n h y d r i t e .  
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