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P Progress and Future Di rect ions i n  Chemical Methods 

f o r  t he  Control o f  Scale a t  t he  Salton Sea Geothermal F i e l d  

Using a p i l o t - s i z e d  br ine handling system operated from Magmamax No. 1 
w e l l  a t  t h e  Salton Sea Geothermal Field,  a ser ies o f  f i e l d  t e s t s  have been 
conducted i n  which various chemical compounds were examined as possible 
scale con t ro l  agents. Control o f  s i l i c a  and s i l i c a t e  scales by means of 

our study v i r t u a l l y  no knowledge ex is ted o f  the 
would i n t e r a c t  with s i l i c a  under the severe geo- 

chemical treatment has been moderately successful i n  other appl icat ions, 

thermal condi t ions o f  h igh temperature, h igh so lu t i on  i o n i c  strength, and 
high f l u i d  shear rates. Br ine a c i d i f i c a t i o n  had been shown previously t o  
be an e f f e c t i v e  method o f  scale abatement,lS2 but  i t s  several disadvant- 
ages have r e c e n t l y  red i rected our a t ten t i on  toward the a l t e r n a t i v e  use o f  

t i v e  formulations recomended f o r  conventional i n d u s t r i a l  water treatment 
purposes were i n e f f e c t i v e  as geothermal ant iscalants.  

organic compounds. Subsequent studies 3 revealed t h a t  p rop r ie ta ry  addi- 

To continue ou 
have sought substa 

i g a t i o n  o f  i n h i b i t o r s  for  s i l i ceous  scales, we 
t would ac t  t o  s t a b i l i z e  the c o l l o i d a l  s i l i c a  as 
ed solut ion.  E f f e c t i v e  s t a b i l i z a t i o n  would pre- 

suspended p a r t i c l e s  b aggregat'ion and decrease the r a t e  
Our approach i n  screening com- 

n t  sca l ing tes ts  was t o  i n j e c t  the add i t i ve  i n t o  the 
a r t l c l e s  on s 

c 

br ine  a t  near ly  wellhead temperatures, so t h a t  it accompanies the b r ine  as 
ashed; withdraw samples o f  ine a t  lower temperatures; and then 

the e f f e c t  o f  the r a t e  of prec ip a t i o n  of s i l i c a  
perature o f  90°C. The est  p rec ip i t a -  

t o  measurements of t h e i r  
f f e c t s  on the formation o f  scale a ratures:  220, 125 and 

*r 

ggested some 
w echanism o f  the i n te rac t i ons  between organic 

ermal brine. I n  addit ion, the var ia t ions i n  
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b r i ne  chemistry encountered i n  the course o f  t e s t i n g  have l e d  t o  informat ion 
on the e f fec t  o f  t h i s  parameter on scale deposition. The s a l i e n t  features 
are the fol lowing: (1 )  Brine s a l i n i t y  plays a major r o l e  i n  determining the 
ra tes  of s i l i c a  p r e c i p i t a t i o n  and scaling; the higher the s a l i n i t y ,  the 
greater the r a t e  o f  scal ing. 
f a l l  i n t o  two main classes: compounds containing polymeric chains o f  the 
oxyethylene moiety, -CH2CH20-, and nitrogen-containing compounds t h a t  
funct ion as cat ions i n  solut ion.  
polyethylene imines and polyaminoethylenes), a1 though commonly used as 
f l occu lan ts  i n  other appl icat ions,  f unc t i on  as s i l i c a  c o l l o i d  s t a b i l i z e r s  i n  
the hypersal ine br ine i f  they are'added a t  the proper time. 
possible t o  combine the funct ions o f  s i l i c a  dispersion and s tee l  corrosion 
i n h i b i t i o n  i n  a s ing le  molecule, thereby enhancing the scale re ta rda t i on  and 
general u t i l i t y  o f  the compound. 
the mechanism o f  i n t e r a c t i o n  o f  the organic compounds w i t h  the c o l l o i d a l  
s i l i c a ,  it appears t o  be a combination o f  hydrogen bonding and e l e c t r o s t a t i c  
adsorption. 
the f i r s t  steam separat i  ganic add i t i ve  h been found t h a t  

5 
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(2) Organic compounds t h a t  i n t e r a c t  w i t h  s i l i c a  

* 
(3) The ca t i on i c  polymers (such as the  

(4) It appears 

I 

(5)  Although there i s  no d i r e c t  evidence o f  

(6) Although s i l i c a  becomes a major component o f  the scale a f t e r  

l y  reduces t h  scale formation ove -16OoC, Br ine 
on remains as 

o f  the chemical 

e f f e c t i v e  treatment a t  h igh temperatures. 

i s  s t i l l  a very important parameter t o  be 

ed. The organic compounds t h a t  appear t o  be promising a t  t h i s  t ime 
are p r o h i b i t i v e l y  expensive. 
t u r e  consis t ing o f  m both a s i l i c a  c o l l o i d  s t a b i l i z e r  and 
hydrochlor ic acid co 
h i b i t i o n ,  and t o l e r a b l e  co r ros i  
hypothet ical  ant isca lant  formulat ion would be a i n h i b i t o r  of c r y s t a l l i n e  
scales such as a phosphon 
as CaC03 a i d  i n  nuc lea t i n  c o l l o i d a l  s i l i c a .  Combinations of various 

However, our experiments suggest t h a t  a mix- 

i t h  respect t o  t o t a l  cost, scale in- 
. A t h i r d  benef ic ia l  component i n  a 

se there i s  evidence t h a t  compounds such 

4 synerg is t ic  need t o  be thoroughly 

-t . 



f 
-3- 

Further progress i n  developing chemical treatment o f  the h i g h - s i l i c a  
br ines as a p rac t i ca l ,  technique o f  scale con t ro l  should be possible through 

ng avenues o f  research: 

* Laboratory (poss ib ly  using such techniques as laser Raman 
spectroscopy) o f  the mechanism o f  i n t e r a c t i o n  o f  i n h i b i t o r s  w i t h  c o l l o i d a l  

i s i  1 i ca. 

Laboratory and/or f i e l d  screening o f  untested compounds c lose ly  
re la ted  t o  the proven s i l i c a  p r e c i p i t a t i o n  i nh ib i t o rs .  Many such compounds 
are already commerc 

F i e l d  measure wth h i s t o r y  o f  c o l l o i d a l  s i l i c a  
particles ( s i z e  <1 1 systems, i n  the absence and presence 

scale formation as a func t i on  o f  time, 
t e r i a l .  Is there an induct ion 
t what scale thickness does the 

l e ?  These studies should 
p i c  examination o f  the scale, and 

f hydrated species 
the nucleat ion and growth 

o f  c o l l o i d a l  s i l i c a .  

contractors, subcontractors, or their employees, makes any warranty, 
express or implied, or assumes any legal liability or responsibility for the 
accuracy, completeness or usefulness of any information, apparatus, 
product or process disclosed, or represents that its use would not infringe 
privately-owned rights. 
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