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Laboratory experiments using Salton Sea Geothermal F ie ld  b r ines  a t  ele- 
vated temperatures are costly,(-time-consuming, and p o t e n t i a l l y  d i f f i c u l t  
t o  perform. The LLL Geothermal Program is t he re fo re l a l so  attempting t o  
p red ic t  e q u i l i b r i a  i n  t h e  SSGF b r ines  by computation. 

Two approaches t o  t h i s  problem are being taken. 
r eac t ions  i n  t h e  b r ines  is being c a r r i e d  ou t  using t h e  Helgeson-Herrick 
(HH) code. 
s tud ied  ind iv idua l ly  using e f f e c t i v e  a c t i v i t y  c o e f f i c i e n t s  which take  
ch lor ide  complexing i n t o  account. 

The r e s u l t s  of both methods are cons is ten t  with one another i n  predic- 
t i n g  p r e c i p i t a t i o n  behavior i n  t h e  temperature range 100-300OC. For 
example, r e s u l t s  f o r  S i n c l a i r  No. 4 br ines  a t  200°C ind ica t e  t h a t  a t  
low pH, S i 0 2 ,  MnO2, and Fe si l icates p r e c i p i t a t e .  
and Fe sulphides,  Fe s i l i c a t e s  and Fe oxides a l s o  p r e c i p i t a t e .  

For t h e  San Diego Gas and Electric Magmarnax b r i n e  a t  200°C, t h e  HH code 
p red ic t s  r e s u l t s  q u i t e  s i m i l a r  t o  those described above f o r  t h e  S i n c l a i r  
No. 4 br ine  with one notable exception, PbS p rec ip i t a t ed  a t  pH g req te r  
than 4.0. 
t h e  San Diego Gas and Electric test s i te .  

Modeling of chemical 

I n  addi t ion ,  -the p r e c i p i t a t i o n  of many s o l i d s  is being 

A s  pH increases, Cu 

This c o r r e l a t e s  with observations on t h e  scale examined 6rom 
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BRINES ARE COMPLICATED 

0 Many Consti tuents 

0 Concentrated S a l t  Solutions 

0 Many Interdependent Equ i l ib r i a  

0 Expensive t o  Experiment 

0 Scale Forming Components 

LLL PROPOSED SCALE CONTROL METHODS 

0 Reduced pH (e.g . , add HC1) 

Oxidize (e.g., S-2 t o  S) 

Combination 

CODES HELP SCREEN CONTROL METHODS 

0 Minimize Costly Experiments 

e Save Tedious Hand Calculations 

0 Parameter Studies of Additives 

0 Account f o r  Differences between Wells 

LLL USES TWO CALCULATIONAL APPROACHES 

0 Helgeson-Herrick Code 

Large Scale Geochemical Equilibrium Code 

0 Individual Sol ids  Code 

Includes Ac t iv i ty  Coeff ic ien t  f o r  Complexes 
i n  Concentrated C 1  Solns. 

Results are Mutually Consistent. 
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THERMOCHEMICAL CALCULATIONS ~ 

1. An approximate, o r  "limited reaction" method has 

been developed t o  study t h e  chemistry of geothermal 

b r ines  . 

2. This method i s  based on t h e  use of e f f e c t i v e  

c o e f f i c i e n t s  which take  i n t o  account ch lor ine  com- 

plexing . 
3. S o l u b i l i t i e s  of scale-forming substances and d i s t r i -  

butions of non-condensable gases can be computed. 

4. The e f f e c t s  of pH and temperature on sca l ing  can be 

studied. 

t .  5. It maybe poss ib le  t o  p red ic t  which so 

p r e c i p i t a t e ,  and how much can form under spec i f ied  

conditions.  
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FeS 
cus 
FeS2 
CuF eS 

Ag2S 
NiS 

MINERAL SPECIES 

minnesotaite (talc) 
f ayalite 
forstersite 
dlopside 
pyrolusite 
serpentine 
periclase 
tremolite 
magnetite 
anhydrite 
magnesioferrite 
sepiolite 
marwinite 
mont icellit e 

pyrrb t it e 

eovellite 
pyrite 
chalcopyrite 
argentite 
millerite 

talc 

eus t a t it e 
hedenbergite 
wollastonite 
brucite 
greenalite 
portlandite 
andradite 
haema t i t e 

gypsum 
larnite 
ackermanite 
gehlenite 

PbS galena 

cu2s 
ZnS 

chalcocite 
sphalerite 

Cu FeS4 bornite 5 

HgS 

digenite 

cinnabar 
cu9s5 



BRINE CONDITIONS 

OXID I2 ING REDUCING 
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OITlWAfLLl C M I C A L  DATA FOR 8IMCLAIR 4 ................................ - 
W R V O I R  FLUID COHPOSlTlON~ 

m a /  MOL*/ 
srEC I €3 cm KO FLUCO KO WATER 

1 AL 2.000€+00 7.412L-UO 9 . d l W - N  

~4 1 . 1  wc+oa a .  m9~-02 2. e4w-ot 
7, @00€+01 3.768L-04 4,033E-04 

U.WOt!+Ol t.4271E-03 3.118E-03 
9.500E*02 1 ,729E-02 2.220L-Ot 

m3 
~ 1 6 ~ * 0 4 ~ . 2 . S 8 7 L - O 1 ~ 3 . 0 0 M - O ~ ~  rn 

8182 4.213E*02 7.012L-03 0.001L-03 
CLO 5.OOOE-01 4.635E-06 S.QS0E-06 

4 - S . 0 7 0 E + 0 4 ~ 2 . 2 0 5 E * O O  2.631E+00 . 

?LU I 0 

H28 WLS 
A f H  

TOTAL M L S  

WATEU tWLS 
KO nn KO 

LlouI 0 

,007E-02 
4. WOE-03 

,437L-01 1 ,016E-04 
t ,696E-04 
?.033E+00 . 674E+Q1 f ,433L-01 
8.1 7CK001 
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Table 1. Potentfal fo r  Scale Formation fran Magmamar I1 Brim 

Pass i bl e Precipitation 
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CAVEATS FOR COMPARISON WITH EWERIMENT 

. 0 Substances may appear amorphously, not as predicted materials. 
(mineral p red ic t ion  ind ica t e s  p o t e n t i a l  pptn.) 

0 Substances may co-precipitate 

Substances may not  appear a t  a l l  
(k ine t i c s  is slow) 

0 D a t a  base may contain e r r o r s  

SOME PREDICTION PROBLEMS CAN BE REMOVED 

0 Material doesn't appear i n  scale 

- may be suspended i n  br ines ;  o r  
- *  k i n e t i c s  slow, remove from da ta  base 

0 Material not predicted shows up 

- - 
Comparison with Experiment is Important - Our Resul t s  are 
Consistent with Observations. 

e i t h e r  material missing from da ta  base; o r  
t h e  input da t a  needs r ev i s ion  
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NEW GEOCHEMICAL CODE I S  NEEDED 

0 Helgeson-Herrick now 

- - 
- 

designed for rock so ln ,  no t  s o l i d s  pptn 
doesn't y i e ld  amounts or  f i n a l  concentrations 
slow with l a r g e  memory requirement 

0 New design should be 

- f a s t  
- small memory 
- s u i t a b l e  f o r  subroutine i n  other codes 
- more v e r s a t i l e  

FUTURE APPLICATIONS 

8 Scale problems 

- other  temperatures 
- other add i t ives  - other  w e l l s  

0 Other uses 

- corrosion (Pourbaix diagrams) - r e i n j e c t i o n  e q u i l i b r i a  
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