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ABSTRACT 

The EQ3/EQ6 software package contains two 
computer codes (EQ3 and EQ6) and data f i l e s  which 
form a useful t o o l  i n  modeling p r e c i p i t a t i o n  from 
geothermal f l u i d s  caused by heat ing o r  cool ing. 
The data f i l e s  contain informat ion on 140 aqueous 
species and near ly  150 minerals, and permit  calcu- 
1 a t i  ons over the  temperature i n t e r v a l  0-350%. 
Assumption o f  homogeneous thermodynamic equ i l i b -  
r ium i n  aqueous so lu t ion  permits ca l cu la t i on  o f  
t he  d r i v ing  forces f o r  p r e c i p i t a t i o n  as measured 
by the  a f f i n i t y  ( l o g  Q/K) f o r  each such reaction. 
Further assumption o f  p r e c i p i t a t i o n  and hetero- 
geneous equ i l ib r ium f o r  any mineral whose a f f i n i t y  
would otherwise exceed a value o f  zero permits 
determination o f  the i d e n t i t y  o f  t he  prec ip i ta tes ,  
t h e i r  masses and volumes, and the  temperature 
ranges i n  which they form. 

We have used the  EQ3/EQ6 c a p a b i l i t y  t o  deter- 
mine the  e f fec ts  o f  temperature increase on forma- 
t i o n  o f  p rec ip i t a tes  form Salton Sea water. 

EQ3 Software Packaqe 
E03 calculates a thermodvnamic model o f  an 

aqueoui so lu t ion  given a se t  if values f o r  
ana ly t i ca l  parameters (e.g., pH, Eh, and " t o t a l "  
concentrat ions o f  solutes). Temperature- 
dependent data are calculated from in te rpo la t i ng  
polynomials f i t  t o  data on a temperature gr id.  
The program i s  very f l e x i b l e  i n  terms o f  the  types 
and combinations o f  inpu t  ana ly t i ca l  data. For 
example, the redox s ta te  can be def ined a l t e r -  
n a t i v e l y  t o  Eh by spec i fy ing  pe-, oxygen fugac- 
i ty ,  o r  data on any redox couple. I f  redundant 
redox data are avai lable, they can a l l  be used.by 
E93 t o  ca lcu la te  a model i n  which complete redox 
equ i l ib r ium need no t  ex is t .  The program i s  other- 
wise s im i la r  i n  func t ion  t o  the  U.S.G.S. programs 
SOLMNEQ (Kharaka and Barnes, 1973) and WATEQ 
(Truesdell  and Jones, 1974). 
p r e c i p i t a t i o n  a f f i n i t i e s ,  bu t  can no t  determine 
which o f  a se t  o f  supersaturated minerals would 
a c t u a l l y  p r e c i p i t a t e  o r  what t h e i r  volumes would 
be . 

It can estimate 

EQ6 Software Packaqe 

EQ6 i s  a reaction-progress code which can 
model p r e c i p i t a t i o n  s t a r t i n g  w i t h  the  f l u i d  model 
ca lcu la ted  by EQ3. I t i s  s i m i l a r  i n  func t ion  t o  
the  o r i g i n a l  reac t ion  progress code PATHI 
(Helgeson, 1968; Helgeson e t  al., 1970), which 
was w r i t t e n  t o  model isothermal, i r r e v e r s i b l e  
reac t ion  between mineral s and aqueous so l  u t i  on. 
One improvement o f  EQ6 over PATHI i s  t h a t  i t  can 
operate i n  a mode i n  which change i n  temperature 
i s  equivalenced t o  advancement o f  reac t ion  
progress. 
a t i on  o f  the  Newton Raphson method and f i n i t e -  
d i f fe rence techniques, ra the r  than in teg ra t i ng  
ord inary  d i f f e r e n t i a l  equations, as d i d  PATHI. 
This el iminates " d r i f t "  e r ro rs  whi le pe rm i t t i ng  
h igh  computational e f f i c iency .  EQ6 u t i l i z e s  a 
se t  o f  semi-empirical algori thms t o  p ick  the  
cor rec t  se t  of p rec ip i t a tes  from supersaturated 
solut ion,  whereas PATHI could no t  handle such 
so l  u t i  ons. 

It operates numerical ly by a combin- 

SALTON SEA WATER REHEATING EXPERIMENT 

An i l l u s t r a t i o n  o f  the  app l ica t ion  o f  EQ3/EQ6 
codes i s  the  ca l cu la t i on  o f  species d i s t r i b u t i o n  
o f  Salton Sea water (Table I ) ,  fo l lowed by a simu- 
l a t i o n  o f  t he  consequences o f  heat ing the  f l u i d  
from 25% t o  22OoC i n  both a closed system 
and a f low-through system. This study was p a r t  
o f  an LLL evaluat ion o f  Salton Sea water as a 
source o f  i n j e c t i o n  makeup water f o r  the  geother- 
mal resources o f  C a l i f o r n i a ' s  Imperial  Va l ley  
(Raber e t  al., 1979). 
possible p r e c i p i t a t e  i s  permit ted t o  form. I f i n  
some app l ica t ion  i t  i s  known a p r i o r i  t h a t  one o r  
more do no t  form f o r  k i n e t i c  reasons, t he  user o f  
EQ6 can suppress the  ca l cu la t i on  o f  p r e c i p i t a t i o n  
o f  i ndi v i  dual sol  ids. 

I n  these examples, each 

RESULTS 

The distr ibut ion-of-species ca lcu la t ions  
performed by EQ3 a t  25oC ind ica ted  super- 
sa tura t ion  o f  8 phases: 

"Work performed under the auspices o f  the U. S. 
Department of Energy by the  Lawrence Livermore 
Laboratory under cont rac t  number W-7405-ENG-48. 'I 
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Mineral 
Magnetite ( Fe304) 
Hematite (Fe203) 
Calcite ( CaC03) 
Aragonite (CaC03) 
Hunt i t e ( CaMg3 ( C03) 4)  
Dol mite (CaMg( C03)2) 
Magnesite (MgC03) 
Gypsum (CaS04.2H20) 
Anhydrite (CaS04) 

Los (Q/Q 
10.2 
18.8 
0.80 
0.63 
0.68 
2.96 
0.54 
0.37 
-0.31 

TABLE 1. SEAWATER, SALTON SEA, U.S. NAVY SALTON 
SEA BASE (TllSRllE-21P), 
SAMPLED JUNE 8, 1967. 

Na 
K 
Ca 
Mg 
Li 
c1 

3 3  

;H4 

so4 
NO3 

F 
As 
Ba 
Cd 
co 
cu 
Fe 
Hg 
Mn 
Ni 
Pb 
Rb 
Se 
Sr 
Zil 

Total di ssol ved 
solids (TDS) 
Specific mho/cm 
conductance, at 25C 
Temperature, C 

PH 

10,500. 
172. 
954 . 

1,078. 
3.2 

15,000. 
0. 

203. 
8,146. 

14 . - 
9.20 
3.2 
0.0 
1. 
0.005 
0 . 0005 
0 . 0050 
0.0100 
.2 

0.01 
0.003 
0 . 002 - - 
11. 
0.062 

37,082 . 
42,100. 

25 . 
7.7 

28.3 
0.46 
2.57 
2.90 
0 . 000086 
40.5 
0. 
0.55 
22.0 
0.038 

0.025 
0.0086 
0. 
0.0027 
0.000013 
0 . 0000013 
0.000013 
0.000027 
0.00054 
0.000027 
0 0000081 
0.0000054 

- 

- - 
0.03 
0.00017 

Calif. Dept. of Water Resources, Bulletin 143-7 
(1970) . 

The solution is nearly saturated with respect to 
anhydrite. The supersaturations with respect to 
the iron oxides are probably fictive, because 
analyses of dissolved iron in natural waters are 
usually too high due to interference from 
col loidal ferric hydroxide. Supersaturations 
with respect to the carbonates are probably real, 
because these are well documented for surface 
ocean water. The small gypsum supersaturation 
may also be real. 

Equilibrium precipitation at 25% calcu- 
lated by EQ6 yielded only 3 of the potential 8 
phases: gypsum, dolomite, and hematite. Precip- 
itation of these three solids modified the 
solution composition (including its pH) so that 
the precipitation affinities o f  all other solids 
were rendered negative. The consequences of 
heating to'220°C were then calculated for the 
case of a closed system and a flow-through system. 
The former can be visualized as a hydrothermal 
bomb containing fluid plus precipitates, the 
latter as fluid flowing through a pipe with a 
temperature gradient, in which the fluid advances 
but precipitates are physically left behind and 
can not later react with the packet of fluid 
which deposited them. 

Precipitation in the closed system is 
depicted in Fig. 1. The mass of gypsum 
(CaS04.2H 0) initially increases, and is 
replaced gy anhydrite (CaS04) near 95%. 
Magnesite (MgC03) s imi 1 arl y rep1 aces dolomite 
( CaMg (Cog 1 2) near 135%. The calcium 
sulfate minerals make up most of  the total volume 
of solids. 
kinetically inhibited from precipitating. An 
experiment on heating ocean water in closed 
system reported by Bischott and Seyfried (1978) 
produced neither dolomite nor magnesite, despite 
calculations based on analytical data which 
indicated moderate supersaturations. Salton Sea 
water is sufficiently similar chemically to ocean 
water that the same effect is quite likely. This 
points out the utility of combining experiment 
and theoretical calculations in modeling 
precipitations. 

The carbonates might in reality be 

The results in precipitation modeling in a 
flow-through system are depicted in Fig. 2. The 
same solids occur in this particular case, but 
this time the gypsum and dolomite persist, as 
they would if left behind in cooler parts of the 
system. The temperatures at which anhydrite and 
magnesite appear are practically the same as in 
the closed system. This need not always be the 
case, however. 

The total precipitate volumes for both closed 
and flow-through systems are shown in Fig. 3. 
The results are not grossly different. 
interest, however, to note that from 25% to 
lOOOC, the total volume increases slightly in 
the f low-through system, whereas it decreases 
notably for the closed system due to dissolution 
of gypsum. 

It is o f  
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The capabi 1 i t i e s  o f  EQ3/EQ6 are described i n  
EQ6 i s  capable o f  

Further examples o f  such 

more d e t a i l  by Wolery (1979). 
computing reac t ion  progress models i n  which i r r e -  
ve rs ib le  reac t ion  w i th  minerals occurs as we l l  as 
change i n  temperature. 
ca lcu la t ions  are given by Wolery (1978) f o r  
model i ng hydrothermal sea water a t  m i  d-pceani c 
r idges and by Howard e t  a l .  (1979) f o r  est imat ing 
the  consequences of  r e i n j e c t i n g  f l u i d s  i n  the  East 
Mesa KGRA, Imperi a1 Val ley, Ca l i fo rn ia .  The code 
can handle s u f f i c i e n t l y  la rge  var ia t ions  i n  the  
redox s ta te  o f  modeled systems t h a t  i t  may also 
f i n d  u t i l i t y  i n  corrosion studies. 
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Flgure 3. Total precipitate volume per 1000 g 
H20 produced by heatlng Salton Sea water. The 
solid l i n e  represents the closed system and the 
dashed l i n e  the flowthrough system. 
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