
NOTICE CONCERNING COPYRIGHT 
RESTRICTIONS 

 
This document may contain copyrighted materials. These materials have 
been made available for use in research, teaching, and private study, but 
may not be used for any commercial purpose. Users may not otherwise 
copy, reproduce, retransmit, distribute, publish, commercially exploit or 
otherwise transfer any material. 

 
The copyright law of the United States (Title 17, United States Code) 
governs the making of photocopies or other reproductions of copyrighted 
material. 

 
Under certain conditions specified in the law, libraries and archives are 
authorized to furnish a photocopy or other reproduction. One of these 
specific conditions is that the photocopy or reproduction is not to be "used 
for any purpose other than private study, scholarship, or research." If a 
user makes a request for, or later uses, a photocopy or reproduction for 
purposes in excess of "fair use," that user may be liable for copyright 
infringement.

 
This institution reserves the right to refuse to accept a copying order if, in 
its judgment, fulfillment of the order would involve violation of copyright 
law.

 



Geothermal Resources Council TRANSACTIONS, Vol. 14, Part 11, August 1990 ' 

L 

HEAVY METAL SULFIDE SCALING I N  A PRODUCTION WELL 
AT THE SALTON SEA GEOTHERMAL FIELD 

(2) D. L. Gal lup( ' )  G .  R. Andenen( ' )  and D. H o l l i g a n  

(1) Unocal Science and Technology D i v i s i o n .  P. 0. Box 76, Brea, CA 92621 
' (2) Unocal Geothermal D i v i s i o n ,  P. 

ABSTRACT 

Depos i t i on  o f  heavy metal  s u l f i d e  sca les  i n  
p roduc t i on  w e l l s  and wel lhead p i p i n g  has been 
observed d u r i n g  the  e x t r a c t i o n  o f  energy f rom the  
hypersa l i ne ,  br ine-dominated S a l t o n  Sea, 
C a l i f o r n i a  geothermal f i e l d .  The p r imary  
c o n s t i t u e n t s  o f  these scales,  which t y p i c a l l y  
d e p o s i t  a t  r a t e s  l e s s  than one cen t ime te r  p e r  
year ,  i n c l u d e  galena (PbS) , b o r n i t e  (Cu FeS4), 
s p h a l e r i t e  (ZnS) and t r o i l  i t e  (FeS). Tfiese 
m i n e r a l s  p r e c i p i t a t e  as a r e s u l t  of 1) b r i n e  
temperature reduc t i ons  which decrease t h e i r  
s o l u b i l i t y ,  and 2) t he  l o s s  o f  CO t o  t h e  vapor 
phase d u r i n g  f l a s h i n g  which incregses t h e  pH o f  
t h e  b r i n e .  The metal  s u l f i d e  scales form as hard, 
tenacious s o l i d s  t h a t  a r e  removed by p e r i o d i c  
mechanical c leaning.  An example o f  a s c a l e  
d e p o s i t i o n  episode f o r  a w e l l  i n  t he  f i e l d  i s  
p rov ided  t o  i l l u s t r a t e  the  p ropens i t y  f o r  
p r e c i p i t a t i o n  o f  t he  metal  s u l f i d e s  f rom t h e  
b r i n e .  

INTRODUCTION 

Scale d e p o s i t i o n  i s  recognized as an impor tan t  
problem h i n d e r i n g  commercial u t i 1  i z a t i o n  o f  
geothermal energy f r a m  h i g h  temperature,  hyper: 
s a l i n e  b r i n e s .  The d e l e t e r i o u s  e f f e c t s  o f  s i l i c a  
and ca l c ium carbonate p r e c i p i t a t i o n  i n  geothermal 
w e l l s  and sur face equipment have been w e l l -  
documented (1,2). A l e s s  common c l a s s  o f  sca le  
t h a t  p r e c i p i t a t e s  f rom c e r t a i n  b r i n e s  i s  t h e  heavy 
meta l  s u l f i d e s .  The fo rma t ion  o f  copper and 
i r o n - r i c h  s u l f i d e  scales from w e l l s  producing 
s a l i n e  b r i n e  was f i r s t  descr ibed by Skinner ,  e t  
- a1 , ( 3 )  a t  t h e  Sa l ton  Sea geothermal f i e l d .  m e s e  
s u l f i d e  m ine ra l s  were l a t e r  found t o  be i n t e r -  
mixed w i t h  s i l i c a t e  scales i n  t e s t  f a c i l i t i , e s  
cons t ruc ted  a t  t he  f i e l d  ( 4 ) .  Meta l  s u l f i d e  scale 
d e p o s i t i o n  has a l s o  been observed i n  low 
temperature geothermal f i e l d s  i n  the  P a r i s  bas in 
( 5 )  and a h i g h  temperature f i e l d  on the  i s l a n d  o f  
M i l o s  i n  Greece (6) .  

Upon e x p l o i t a t i o n  o f  t he  Sa l ton  Sea geothermal 
f i e l d  by Union O i l  Company o f  C a l i f o r n i a  i n  the  
e a r l y  1980s, metal  s u l f i d e  s c a l i n g  was observed i n  
p roduc t i on  wel lbores.  Wel ls producing b r i n e  t o  a 
10 MWe steam ga the r ing  system demonstrat ion 
f a c i l i t y  s l o w l y  scaled w i t h  a hard, tenacious,  
heterogeneous metal  s u l f i d e  depos i t  i n  t h e  we l l bo re  
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and wel lhead p i p i n g .  Sca l i ng  r a t e s  i n  these w e l l s  
were g e n e r a l l y  l e s s  than 1 cm per  year. ,  

Throughout the  f l o w  t e s t i n g  phase o f  p roduc t i on  
w e l l s  i n  t h e  southern p o r t i o n  o f  t he  Sa l ton  Sea 
f i e l d ,  numerous s u l f i d e  scale depos i t s  were 
r e t r i e v e d  f rom wel lhead p i p i n g  and p roduc t i on  
s t r i n g s .  The composi t ion o f  t he  scales v a r i e d  
f rom w e l l  t o  w e l l  a s  d i d  the  b r i n e s  f rom which 
they p r e c i p i t a t e d .  I n  enera l ,  t he  pr imary 
c o n s t i t u e n t s  o f  t he  scayes were t h e  m ine ra l s  
galena (PbS), s p h a l e r i t e  (ZnS) and t r o i l i t e  [FeS), 
present  i n  coarse-grained, h i g h l y  c r y s t a l l i n e  
i n te rg rowths .  Occasional ly ,  a l u m i n o - s i l i c a t e  
fo rma t ion  m ine ra l s ,  qua r t z  and i r o n  s i l i c a t e  were 
i n te rspe rsed  w i t h  t h e  b u l k  s u l f i d e  m ine ra l s .  

SULFIDE SCALE DEPOSITION - AN EXAMPLE 

For i l l u s t r a t i o n ,  an example o f  metal  s u l f i d e  
d e p o s i t i o n  f rom a producing w e l l  i n  t h e  Sa l ton  Sea 
f i e l d  i s  prov ided.  
o f  t he  b r i n e  f rom which the  sca le  p r e c i p i t a t e d .  
The b r i n e  i s  comprised p r i m a r i l y  o f  sodium, 
potassium and ca l c ium c h l o r i d e s .  Heavy meta ls  
i n c l u d i n g  lead,  copper, i r o n  and z i n c  a r e  p resen t  
i n  minor  q u a n t i t i e s  i n  the  b r i n e .  Carbon d i o x i d e  
i s  t he  ma jo r  d i s s o l v e d  gas i n  the  b r ine ;  hydrogen 
s u l f i d e  i s  a m ino r  gas component. 

Table 1 shows the  composi t ion 

Table 2 p resen ts  t h e  cond i t i ons  o f  a b r i n e  
p roduc t i on  episode f o r  t he  example w e l l  which 
r e s u l t e d  i n  t h e  d e p o s i t i o n  o f  a s i g n i f i c a n t  
q u a n t i t y  o f  heavy metal  s u l f i d e  scale.  Th is  w e l l  
was produced f o r  256 days a t  an average f low r a t e  
o f  133,600 kg p e r  hour. Scale, ranging i n  t h i c k -  
ness f rom 0.04 t o  0.18 cm, was deposi ted on a 
p roduc t i on  s t r i n g  (22 cm i n  diameter and 378 m i n  
l eng th ) .  The s c a l e  was t h i c k e s t  a t  t h e  top of t h e  
l i n e r  and tape red  g r a d u a l l y  t o  the  bottom. Dur ing  
product ion,  t h e  b r i n e  was a l lowed t o  f l a s h  i n  t h e  
we l l bo re  r e s u l t i n g  i n  a pressure drop of about 800 
kPa and a temperature drop o f  about 25°C. 

Scales f rom seve ra l  depths o f  t he  r e t r i e v a b l e  
p roduc t i on  s t r i n g  were analyzed by x- ray d i f f r a c -  
t i o n  and emiss ion spect rometr ic  methods, 
r e s u l t s  o f  these analyses a re  prov ided i n  Table 3. 
A lso i n c l u d e d  i n  Table 3 a re  c a l c u l a t e d  m i n e r a l o g i -  
c a l  composi t ions o f  t he  scales employing t h e  
q u a n t i t a t i v e  e lementa l  a n a l y t i c a l  data.  
chemis t r i es  and c a l c u l a t e d  minera log ies of  t he  
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sca le  samples a r e  e n t i r e l y  cons is ten t  w i t h  t h e  
r e s u l t s  o f  t he  x- ray d i f f r a c t i o n  s tud ies .  
p a r t i c u l a r  we1 1 , galena i s  t he  predominant meta l  
s u l f i d e  depos i ted  a s  sca le .  Lesser amounts o f  
s p h a l e r i t e ,  t r o i  1 i t e  and b o r n i t e  comprise t h e  
remainder o f  t h e  meta l  s u l f i d e  deposi ts .  A l so  
present  i n  the  scales i s  an amorphous f e r r i c  
s i l i c a t e  ( 7 ) .  The metal  s u l f i d e  depos i t s  a r e  
coarse ly  c r y s t a l l i n e  e x h i b i t i n g  cubic  t e r m i n a t i o n s  
on the  b r i n e - s i d e  face, and form a cont inuous 
l a y e r  on t h e  i n s i d e  o f  t h e  l i n e r .  

I n  t h i s  

From t h e  sca le  composi t ion 'data and es t ima tes  
of t h e  we igh t  o f  sca le  deposi ted on t h e  p r o d u c t i o n  
s t r i n g ,  we have at tempted t o  o b t a i n  a s c a l e  
m a t e r i a l  balance. I t  i s  est imated t h a t  2 p a r t s  
per  m i l l i o n  (ppm) o f  m a t e r i a l  i n  s o l u t i o n  was 
deposi ted as sca le  on t h e  r e t r i e v a b l e  p r o d u c t i o n  
s t r i n g  d u r i n g  t h i s  p a r t i c u l a r  p roduc t i on  episode. 
The sca le  c o n s i s t s  o f  about 1 ppm lead,  0.2 ppm 
z inc,  0.4 ppm i r o n  and 0.2 ppm s u l f u r .  . T h a t  lead,  
fo l lowed by i r o n  and z i n c ,  i s  t he  o rde r  of  t o t a l  
metal  deposi ted i n  the  we l l bo re ,  c o r r e l a t e s  w i t h  
the  s o l u b i l i t y  products  o f  these metal  s u l f i d e s .  
As shown i n  F igu re  1 (8), a t  250°C and 3 molal  
sodium c h l o r i d e  s o l u t i o n ,  s o l u b i l i t y  products  o f  
FeS and ZnS a r e  n e a r l y  t h e  same, b u t  a r e  s i g n i f i -  
c a n t l y  g rea te r  than PbS. 
s u l f i d e s  are expected t o  be more s o l u b l e  i n  Sal ton 
Sea b r i n e  than l e a d  s u l f i d e .  Whi le th i s .appears  
t o  be t r u e  f o r  t h e  b u l k  sca le,  i t  i s  i n t e r e s t i n g  
t o  note t h a t  ZnS and FeS predominate t h e  scale 
deposi ted a t  t h e  bot tom o f  t he  l i n e r  and PbS 
predominates a t  t h e  top .  
d i f f e r e n c e s  i n  p r e c i p i t a t i o n  sequence can r e s u l t  
f rom mass a c t i o n  (more i r o n  and z i n c  a r e  present 
i n  t h e  b r i n e  than lead) ,  f rom k i n e t i c a l l y -  
c o n t r o l l e d  reac t i ons  and t h e  format ion o f  var ious 
complexes i n  s o l u t i o n  t h a t  s t a b i l i z e  t h e  metals 
w i t h  respect  t o  p r e c i p i t a t i o n .  

Thus, z i n c  and i r o n  

We recognize t h a t  any 

Scanning e l e c t r o n  microscopy and e l e c t r o n  
microprobe s t u d i e s  of  t h e  depos i t s  (F igu res  2 and 
3, r e s p e c t i v e l y )  show t h a t  d e n d r i t i c  c r y s t a l l i n e  
growth i s  impor tant  i n  t h e  p r e c i p i t a t i o n  process. 
Th is  growth mechanism i s  c h a r a c t e r i s t i c  o f  
d i f f u s i o n - l i m i t e d -  supersa tu ra t i on  c o n d i t i o n s  t h a t  
may e x i s t  i n  hypersa l i ne  b r i n e s .  I n  t h e  case o f  
these s u l f i d e  scales,  d e n d r i t i c  growth l i k e l y  
occurs by d i f f u s i o n  of  s o l v a t e d  metal  i o n s  t o  the  
growing c r y s t a l  sur face f o l l o w e d  by d e p o s i t i o n  o f  
t h e  i ons  and re lease  of  wa te r  molecules away from 
the  t h e  growing surface. These s tud ies  f u r t h e r  
show t h a t  p o s t - p r e c i p i t a t i o n  i s  impor tan t  i n  the  
s c a l i n g  mechanism. P o s t - p r e c i p i t a t i o n  i nvo l ves  
t h e  format ion o f  a second i n s o l u b l e  substance on a 
p r e c i p i t a t e  t h a t  has a l r e a d y  formed, as a r e s u l t  
o f  d i f f e rences  i n  r a t e s  o f  p r e c i p i t a t i o n .  
Spha le r i t e ,  i n  p a r t i c u l a r ,  shows a d e f i n i t e  
tendency t o  p o s t - p r e c i p i t a t e  on the  o t h e r  metal 
s u l f i d e s .  
t h e  p o s t - p r e c i p i t a t i o n  of  s p h a l e r i t e  as hydrogen 
s u l f i d e  i s  adsorbed on t h e  s o l i d  s u l f i d e  as 
b i s u l f i d e  o r  s u l f i d e  i o n ,  owing t o  t h e  s t rong  
a t t r a c t i o n  of o f  t he  me ta l  s u l f i d e  l a t t i c e  f o r  
these ions  ( 9 ) .  An example of  t he  sequent ia l  
p o s t - p r e c i p i t a t i o n  of  s p h a l e r i t e  on galena i s  
shown i n  F igure 3. 

C r y s t a l s  o f  galena and t r o i l i t e  induce 

SCALE DEPOSITION CHEMISTRY 

I t  i s  wel l -understood t h a t  t h e  depos i t i on  o f  
meta l  s u l f i d e s  f rom geothermal b r i n e  i s  induced by 
reduc t i ons  i n  temperature and the  e x s o l u t i o n  o f  
a c i d i c  gases d u r i n g  vapor f l a s h i n g  (10 ) .  When 
carbon d i o x i d e  p a r t i t i o n s  t o  t h e  vapor phase 
du r ing  f l a s h i n g ,  t h e  pH of t h e  b r i n e  increases 
s i g n i f i c a n t l y .  

t h e  pH o f  t he  b r i n e  i n  t r a n s i t  up t h e  example 
p roduc t i on  s t r i n g  increases from about 5.0 t o  5.1 
(ove r  a d is tance of  378 meters) ,  and the  b r i n e  
temperature decreases from about 260°C t o  about 
230°C. The increase i n  pH i s  due t o  re lease  of 
p r i m a r i l y  C02 desc r ibed  by React ion 1: 

A t  t he  Sa l ton  Sea f i e l d ,  we have est imated t h a t  

HC03(_) = CO2 + OH(-) (1) 

A s i m i l a r  r e a c t i o n  i n v o l v i n g  hydrogen s u l f i d e  
re lease  f rom b i s u l f i d e  i o n  a l s o  occurs du r ing  
f l a s h i n g .  

I n '  t h e ' s a l t o n  Sea geothermal r e s e r v o i r  (pH=5.0, 
26OoC), s u l f i d e  i n  b r i n e  i s  p robab ly  present  
p r i m a r i l y  as b i s u l f i d e  i o n ,  HS( - ) .  Dur ing 
p roduc t i on  o f  t h e  b r i n e  t o  t h e  sur face,  some H2S 
i s  re leased t o  t h e  vapor phase. However, 
s u f f i c i e n t  b i s u l f i d e  remains f o r  ve ry  f a s t  
r e a c t i o n  w i t h  t h e  heavy me ta l s  t o  depos i t  scale:  

- -  

M ( + 2 )  + HS( - )  = MS + H(+) ( 2 )  

where M i s  Cu, Fe, Pb and Zn. As t h e  pH o f  t he  
b r i n e  increases s l i g h t l y  across t h e  p roduc t i on  
s t r i n g  v i a  CO re lease,  React ion 2 i s  d r i v e n  t o  
t h e  r i g h t  r e s i l t i n g  i n  u b i q u i t o u s  s u l f i d e  scale 
depos i t i on .  

METAL SULFIDE SOLUBILITY AS A FUNCTION OF 
TEMPERATURE AND pH 

The e f f e c t  o f  pH on t h e  s o l u b i l i t y  o f  metal  
s u l f i d e s  a t  ambient temperature has been s t u d i e d  
i n  d e t a i l  (11, 12). Galena has been shown t o  be 
more i n s o l u b l e  than s p h a l e r i t e  and t r o i l i t e  over 
t h e  pH range, 3 - 11. Meta l  s u l f i d e  s o l u b i l i t i e s  
have a l s o  r e c e n t l y  been s t u d i e d  i n  concentrated 
sodium c h l o r i d e  s o l u t i o n s  - t o  300°C (13). 

- improve our  understanding o f  t h e  e f f e c t  o f  bo th  pH 
and temperature on t h e  s o l u b i l i t y  o f  s u l f i d e s  i n  
hypersal  i n e  geothermal b r i n e s ,  l a b o r a t o r y  auto- 
c l a v e  s tud ies  were performed. S y n t h e t i c  b r i n e s  
c o n s i s t i n g  o f  4.3 mo la l  sodium c h l o r i d e  s o l u t i o n  
were sp iked w i t h  l e a d  c h l o r i d e .  
pH adjustment w i t h  h y d r o c h l o r i c  a c i d  (4.0-5.5), 
t h e  b r i n e  was p laced i n t o  a one l i t e r  H a s t e l l o y  
C-276 autoc lave (Autoc lave Engineers) .  The 
au toc lave  was then purged w i t h  p r e - p u r i f i e d  
n i t r o g e n  t o  prec lude oxygen. 
(15 ppm i n  t h e  gas phase) was charged i n t o  t h e  
autoc lave and the  m i x t u r e  was heated w i t h  
s t i r r i n g .  The c o n c e n t r a t i o n  of  H S charged i n t o  
t h e  autoc lave (0.0006 m) was s u f f ? c i e n t  t o  
p r e c i p i t a t e  a l l  o f  t he  l e a d  i n  t h e  b r i n e  (0.0003 
m) .  Upon hea t ing  t o  t h e  d e s i r e d  temperature,  a 10 

To 
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mL a l i q u o t  was r e t r i e v e d  th rough  a sample p o r t  and 
immediate ly  f i l t e r e d  through a 0.22 micron 
M i l l i p o r e  ' f i l t e r .  The f i l t r a t e  was analyzed f o r  
l e a d  by I C P  spect rometr ic  techniques.  No at tempts 
were made t o  analyze the  pH o r  H2S concen t ra t i on  
i n  t h e  b r i n e  a l i q u o t .  

Table 4 and F igure 4 p resen t  t h e  r e s u l t s  o f  t he  
analyses o f  t he  autoc lave s tudy.  The s o l u b i l i t y  
o f  l e a d  s u l f i d e  was moni tored by determin ing the  
concen t ra t i on  o f  l ead  i n  t h e  heated sample and 
comparing w i t h  the metal  va lues i n i t i a l l y  present 
i n  t h e  b r i n e  p r i o r  t o  h e a t i n g  i n  the  presence o f  
H S. The r a t i o s  of t he  l e a d  i n  s o l u t i o n  (Pb) t o  
tGe i n i t i a l  concen t ra t i on  (Pbo) a r e  employed t o  
determine the  e f f e c t  o f  pH and temperature on the  
s o l u b i l i t y  o f  galena i n  the  s y n t h e t i c  b r i n e  t o  
'260°C. As expected, t he  meta l  s u l f i d e  s o l u b i l i t y  
i nc reases  w i t h  temperature and lower  pH o f  t he  
b r i n e  e s t a b l i s h e d  before r e a c t i o n  w i t h  H S. The 
s o l u b i l i t y  o f  galena i n  t h e  s y n t h e t i c  br?ne i s  
s i g n i f i c a n t l y  g r e a t e r  than t h a t  repo r ted  i n  pure 
w a t e r  due t o  c h l o r i d e  complexing (14) .  
r e s u l t s  o f  t h e  study a re  s i m i l a r  t o  those r e p o r t e d  
i n  sodium c h l o r i d e  s o l u t i o n s  (8, 13).  I n  the  
s y n t h e t i c  b r i n e  s o l u t i o n ,  l e a d  i s  apparen t l y  i n  
t h e  form o f  l e a d  chloro-complexes, a l though heavy 
m e t a l s  have been pos tu la ted  t o  be t ranspor ted  i n  
geothermal b r i n e s  v i a  th io-complexes e s p e c i a l l y  
below 150°C (15).  

The 

B a r r e t t  and Anderson (13)  have c a l c u l a t e d  t h e  
s o l u b i l i t y  o f  galena and s p h a l e r i t e  i n  Sa l ton  Sea 
geothermal b r i n e s .  For b r i n e  e x h i b i t i n g  a 
temperature o f  3OO"C, c h l o r i d e  concen t ra t i on  of 
5.9 mola l ,  pH o f  5.4 and H S concen t ra t i on  o f  
0.00064 mo la l ,  t he  s o l u b i l ? t y  o f  s p h a l e r i t e  i s  
-3.17 (expressed as l o g  m) and the  s o l u b i l i t y  of 
galena i s  -4.36. This  compares w i t h  repo r ted  
measured values o f  -1.9 and -3.3, r e s p e c t i v e l y .  
The c a l c u l a t i o n s  were made a t  h i g h  temperature 
f rom e x t r a p o l a t i o n s  o f  exper iments conducted below 
100°C. These c a l c u l a t i o n s  compare w i t h  our  
exper imenta l ly -determined galena s o l u b i l i t y  o f  
-3.6 a t  260"C, 4.3 rn NaC1, pH 5.0 and 0.0005 m H2S 
i n i t i a l l y  charged i n t o  t h e  autoc lave.  Th is  
measured s o l u b i l i t y  i s  a l s o  ve ry  s i m i l a r  t o  t h a t  
c a l c u l a t e d  by McKibben and E lde rs  (16)  f o r  Sa l ton  
Sea geothermal b r i n e  ( ~ 2 . 9 ) .  

The exper imental  data i n  Table 4 p r e d i c t s  t h a t  
p r o d u c t i o n  t o  the  wel lhead o f  pH 5.0 hypersa l i ne  
b r i n e  f rom t h e  Sal ton Sea r e s e r v o i r  (Q6O"C) a t  
t h e  example w e l l  l o c a t i o n ,  r e s u l t i n g  i n  a s l i g h t  
pH inc rease  (0.5 u n i t s )  and a decrease i n  
temperature t o  about 230°C w i l l  r e s u l t  i n  a Pb/Pbo 
d i f f e r e n c e  o f  about 0.04 (0.90 vs 0.86, 
e x t r a p o l a t e d ) .  Th is  di f ference'-Torresponds t o  t h e  
l o s s  o f  about 2 ppm lead  f rom s o l u t i o n .  
compares reasonably w e l l  w i t h  ou r  m a t e r i a l  balance 
c a l c u l a t i o n  f o r  t he  example w e l l  o f  d e p o s i t i o n  of  
1 ppm l e a d  from the  b r i n e  i n  t h e  r e t r i e v a b l e  
l i n e r .  That heavy metal sca les a re  deposi ted i n  
t h e  example w e l l  i s  evidence f o r  supersa tu ra t i on  
o f  t h e  m ine ra l  species i n  the  geothermal b r i n e .  

Th is  

METAL SULFIDE SCALE INHIBITION 

Heavy meta l  s u l f i d e  s c a l i n g  r a t e s  a t  t he  Sa l ton  
Sea geothermal f i e l d  a re  s u f f i c i e n t l y  low t h a t  no 
s p e c i a l  d e p o s i t i o n  i n h i b i t i o n  technique i s  
requ i red .  Genera l ly ,  w e l l s  are c leaned o f  s u l f i d e  
s c a l e  depos i t s  by mechanical d r i l l o u t .  However, 
we have i n v e s t i g a t e d  methods t o  i n h i b i t  t h e  
d e p o s i t i o n  o f  these scales i n  p roduc t i on  w e l l s  and 
s u r f a c e  equipment. Several  p o t e n t i a l  methods t o  
i n h i b i t  heavy metal  s u l f i d e  sca l i ng  from 
geothermal b r i n e s  have been proposed (17) ;  
methods i n c l u d e  decreas ing the b r i n e  pH by a c i d  
a d d i t i o n ,  i n c r e a s i n g  t h e  b r i n e  oxygen f u g a c i t y ,  
adding o x i d i z i n g  agents t o  the  b r i n e  and t r e a t i n g  
b r i n e  w i t h  commerc ia l l y -ava i l ab le  s c a l e  
i n h i b i t o r s .  

These 

Our au toc lave  s t u d i e s  discussed above suggest 
t h a t  decreas ing t h e  b r i n e  pH by 0.1 t o  0.3 uni , ts 
w i l l  c o n t r o l  s u l f i d e  sca le  d e p o s i t i o n  i n  t h e  
p r o d u c t i o n  s t r i n g .  Based on data presented i n  
Table 4, i t  appears t h a t  l ower ing  t h e  b r i n e  pH 
j u s t  below 5.0 i s  expected t o  i n h i b i t  galena 
p r e c i p i t a t i o n  d u r i n g  p roduc t i on  o f  b r i n e  i n  t h e  
example w e l l  when f l a s h i n g  and temperature 
r e d u c t i o n  occur.  The i n j e c t i o n  o f  a c i d  i n t o  the  
b r i n e  w i l l  d r i v e  React ion 2 t o  t h e  l e f t  t o  
m a i n t a i n  the  heavy me ta l s  i n  s o l u t i o n .  A process 
f o r  a c i d i f y i n g  b r i n e  t o  c o n t r o l  metal  s u l f i d e  and 
i r o n  s i l i c a t e  s c a l i n g  has been developed (18).  
a l t e r n a t i v e  method t o  modi fy  the  b r i n e  pH by 
i n j e c t i o n  o f  carbon d i o x i d e  has a l s o  been 
desc r ibed  (19).  

An 

I n j e c t i n g  a i r  o r  chemical o x i d i z i n g  agents i n t o  
b r i n e  t o  o x i d i z e  H S t o  by-products t h a t  w i l l  n o t  
p r e c i p i t a t e  heavy $eta1 s has proven u s e f u l  (20) .  
Specia l  p recau t ion  must be taken i n  t h i s  process 
t o  m i t i g a t e  c o r r o s i o n  and t o  avo id  p r e c i p i t a t i n g  
such species as b a r i t e ,  ca lc ium s u l f i t e ,  s u l f u r  
and f e r r i c  s i l i c a t e ,  however. 

I n j e c t i o n  o f  commerc ia l l y -ava i l ab le  i n h i b i t o r s  
t o  c o n t r o l  downhole c a l c i t e  and metal  s u l f i d e  
scales has been r e c e n t l y  demonstrated (21, 2 2 ) .  
The most common i n h i b i t o r s  employed i n  these 
geothermal a p p l i c a t i o n s  are those which a c t  i n  t h e  
t h r e s h o l d  o r  c r y s t a l  growth b l o c k i n g  modes. The 
i n h i b i t o r s  have c o n t r o l l e d  c a l c i t e  s c a l i n g  a t  h i g h  
temperature and meta l  s u l f i d e  s c a l i n g  a t  low 
temperature only .  Whether these i n h i b i t o r s  
i n c l u d i n g  d i spe rsan ts  , phosphonates , c a r b o x y l i c  
ac ids ,  amines, and amides can c o n t r o l  meta l  
s u l f i d e  s c a l i n g  i n  hypersa l i ne  geothermal b r i n e s  
a t  h i g h  temperatures,  t o  our  knowledge, has y e t  t o  
be demonstrated. Downhole i n h i b i t o r  d e l i v e r y  
systems i n c l u d i n g  annu la r  and c o i l e d  t u b i n g  have 
been desc r ibed  (23) .  

CONCLUSION 

Heavy metal  s u l f i d e  scale d e p o s i t i o n  i n  
p roduc t i on  w e l l s  and sur face equipment has been 
observed d u r i n g  e x t r a c t i o n  o f  energy f rom the  
Sa l ton  Sea, C a l i f o r n i a  geothermal f i e l d .  S u l f i d e  
s c a l i n g  i n  we l l bo res  i s  genera l l y  a s low process, 
b u t  sca le  b u i l d  up can e v e n t u a l l y  d e l e t e r i o u s l y  

1 
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c u r t a i l  steam product ion.  Mixed-metal s u l f i d e s  
deposi ted i n  w e l l s  can be mechanica l ly  removed 
from r e t r i e v a b l e  p roduc t i on  s t r i n g s  d u r i n g  
remedial  workovers. 
t o  i n h i b i t  s u l f i d e  s c a l i n g  a t  t he  f i e l d .  
Laboratory  s t u d i e s  on galena s o l u b i l i t y  i n  
s y n t h e t i c  b r i n e  have a s s i s t e d  i n  understanding the  
e f f e c t  o f  pH on sca le  depos i t i on .  F u r t h e r  
research i s  r e q u i r e d  t o  i d e n t i f y  s u l f i d e - s p e c i f i c  
i n h i b i t o r s  t h a t  can f u n c t i o n  i n  h i g h  temperature 
hypersa l i ne  environments and t o  improve downhole 
i n h i b i t o r  d e l i v e r y  systems. 

Methods have been developed 
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Table 1. Wellhead Brine Composition (pH = 5.5) 

As 1 L i  120 Sr 330 

Ba 70 Mg 90 Zn 250 

B 222 Mn 650 C l  122,000 (m C1~4.3) 

Ca 20,200 Na 43,200 C02 6.200 

cu 2 Pb 50 H2S 16 

Fe 320 Rb 50 NH3 350 

K 10,600 Si02 405 TDS 192,000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tab le  2. Wel l  Produc t ion  H i s t o r y  

-------------------------------------------------- 
6,144 hours Produc t ion  D u r a t i o n  ~ 

T o t a l  Mass Flow 821,000,000 kg 

Average Mass Flow 133,600 kg/hr 

Average We1 1 head Temperature 

Average We1 1 head Pressure 

Produc t ion  L i n e r  (d iameter )  22 cm 

225°C 

2,480 kPa 

( l e n g t h )  378 m 

Sca le  Thickness ( t o p )  0.18 cm 
(but tom) 0.04 cm 
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Table 3. Scale Analyses 

I 

X-Ray D i f f r a c t i o n :  

Sample Depth, m Major 0 2 0 % )  Moderate (5-20%) Minor  (<5%) 

1 0 
2 12 PbS --- Fe 0 FeS 
3 378 F e - r i c h  ZnS Fe304 Cu:F$i4, PbS 

PbS Am0 rphou s --- 

Q u a n t i t a t i v e  A n a l y s i s  ( w t % ) :  

Sample & &J fe pb 5 - S i  I? 
1 0.1 0.1 4.9 54.4 8.5 4.8 1.0 
2 0.1 0 .1  9.5 55.8 10.1 3.0 1.0 
3 0.1 0.4 37.9 6.1 14.6 4.2 13.7 

C a l c u l a t e d  Minera l  Modes ( w t % ) :  

Sample & Cu5FeS4 Fe(OH)3*% E Total 

2 0.1 0.2 17.8 2.6 2.7 64.2 1.5 89.1 
3 0.1 0.6 25.0 24.0 19.2 7.0 20.1 96.0 

1 1.7 62.6 1.5 94.6 0.1 0.2 28.5 ---  

Table 4. Lead S u l f i d e  S o l u b i l i t y  i n  S y n t h e t i c  Geothermal B r i n e  

T, "C 

25 

75 

100 

150 

200 

230 

260 

- pH = 4.0 

0.06 

0.29 

0.36 

0.81 

0.91 

0.99 

0.99 

Pb/Pbo 

pH = 4.5 pH = 5.0 

0.06 0.08 

0.22 0.18 

0.35 0.28 

0.70 0.59 

0.85 0.79 

0.93 0.89 

0.94 0.90 

pH = 5.5 

0.01 

0.10 

0.12 

0.42 

0.60 

0.74 

0.78 

0 100 200 300 

TEMPERATURE, 'C 

Figure 1 
M ETAL S U LFI DE S 0 L U  B I LIT1 ES 

IN 3m NaCl (Ref. 8) 
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LEAD SOLUBILITY IN SYNTHETIC BRINE 

IN THE PRESENCE OF H2S 
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