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REMOVAL OF SILICA FROM SPENT GEOTHERMAL BRINE , 

Richard W. Ryon and John H. H i l l  

ABSTRACT 

This r epor t  is based on preliminary survey experiments conducted a t  the  

LLL Salton Sea Geothermal T e s t  S i t e  i n  Apr i l  and May, 1977. The addi t ion  of 

c a u s t i c  t o  raise the  b r ine  pH t o  -6 prec ip i t a t ed  si l ica and o the r  materials. 
The add i t ion  of f loccu la t ing  agents,  such as f e r r i c  hydroxide, a i d s  s e t t l i n g  

and f i l t r a t i o n .  Small-scale p i l o t  p l an t  s tud ie s  are recommended. 

INTRODUCTION 

The l a r g e  volume of geothermal b r ine  used i n  test f a c i l i t i e s ,  and u l t i -  

mately i n  electrical generating p l an t s ,  must be disposed of a f t e r  use. 

Evaporation ponds would r equ i r e  a l a r g e  a land area i n  the  a g r i c u l t u r a l l y  

r i c h  Imperial Valley. 

with evaporation ponds. 

s ink  is already over-used f o r  a g r i c u l t u r a l  run-off. 

tive ava i l ab le  is r e i n j e c t i o n  i n t o  t h e  underground formation. This a l t e r n a t i v e  

has t h e  added advantage of maintaining t h e  ground water level, thus a l l e v i a t i n g  

su r face  subsidence and a l s o  maintaining t h e  geothermal resource. 

There may a l s o  be air po l lu t ion  problems associated 

Export t o  t h e  Salton Sea i s  precluded because t h a t  

The most v i a b l e  a l t e rna -  

Direct r e i n j e c t i o n  of spent b r i n e  s u f f e r s  from the f a c t  that  p r e c i p i t a t i o n  

of s o l i d s  occurs when the tempera 

using t h e  brine.  

occurred, and t h e r e  i s  concern t h a t  t h e  formation i t s e l f  may become plugged. 

P r e c i p i t a t e s  taken from t h e  r e i n j e c t i o n  l i n e  are found t o  contain l a r g e  amounts 

of s i l ica ,  along wi th  i r o n  and smaller amounts of o ther  minerals,' Acidifi-  

ca t ion  of t h e  b r i n e  t o  pH <4,5 has previously been shown t o  slow the  precipi-  
t a t i o n  of s o l i d s O 2  

ever, r eac t ion  w i t h  carbonate rocks b~ the gomat ion  m y  b e  expected t o  raise 

re and pressure decrease as a r e s u l t  of 

P h g g i n g  of t h e  r e i n j e c t i o n  w e l l  a t  t h e  test s i t e  has 

4. 

* This may alleviate plugging of t h e  r e i n j e c t i o n  w e l l .  How- 

1. Arthur L. Austin, Anders W. Lundberg, Larry B. Owen, and George E. Tard i f f ,  
LLL Geothermal Engineering Progress S ta tus  Report f o r  January 1976 -Jan-  
uary 1977, UCRL 50046-76, Apr i l  27, 1977. 

J. H. H i l l ,  C. H. Otto, and C. J. Morris, Sol ids  Control f o r  High Sali-  
n i t y  Geothermal Brine, i n  "Geothermal: S t a t e  of t he  A r t , "  pp. 139-40, 
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so lu t ion  pH, and the re fo re  p r e c i p i t a t i o n  and plugging of  t h e  formation may 

occur. 

may a l s o  s u f f e r  from undesireable r eac t ions  wi th in  t h e  formation. 

The u s e  of seques te r ing  agents o r  s u r f a c t a n t s  t o  hinder p r e c i p i t a t i o n  

EXPERIMENTS AND OBSERVATIONS 

The approach w e  chose t o  survey w a s  t o  remove s i l i ca  by t h e  add i t ion  of 

caus t ic .  

hydroxide f l o c c u l a t i n g  agent were made. P r e c i p i t a t e s  and supernatant so lu t ions  
were analyzed. solu- 3 
t i o n  p r i o r  t o  add i t ion  o f  c a u s t i c ;  2) add i t ion  of Clorox bleach (NaOC1) t o  
ox id ize  f e r rous  i o n  i n  s o l u t i o n  t o  f e r r i c ,  and then  add i t ion  of  c a u s t i c  solu- 

t i on .  The t r e a t e d  b r i n e  w a s  placed i n  unthermostated 500 m l  graduated cylin-- 
d e r s ,  observed v i s u a l l y ,  and sampled after about 1 1 / 2  hours. 

Crude observations of s e t t l i n g  rates and t h e  e f f e c t  of a f e r r i c  

Floc was  produced by two methods: ?l) add i t ion  of FeCl 

The treatment of  b r i n e  by c a u s t i c  p r e c i p i t a t e s  s i l i ca  and o t h e r  materials 
and decreases t h e  v i s u a l  cloudiness o f  t h e  so lu t ions .  

is p resen t ,  t h e  so lu t ions  are v i s u a l l y  clearer than i n  i t s  absence. 

hydroxide a l s o  increases  t h e  s e t t l i n g  rate and makes t h e  suspended p r e c i p i t a t e s  

easier t o  f i l t e r  w i th  coarse  f i l t e r  media. 

When f e r r i c  hydroxide 

F e r r i c  

F e r r i c  concentrations between 10-100 ppm and pH's between about 5-6 pro- 

The bulk of t h e  p r e c i p i t a t e s  duce r ap id  s e t t l i n g  and e a s i l y  f i l t e r a b l e  f loc .  

sett le wi th in  1/2-1 hour. 

Table 1 lists t h e  more s i g n i f i c a n t  experiments and gives some of t h e  

Increas ing  the pH t o  7 . 0  measured b r i n e  and p r e c i p i t a t e  characteristics. 

p r e c i p i t a t e s  90-95% of t h e  S i  (-10 mg/l f 155 mg/l); whereas a t  pHe6.0, 

about 1 / 2  t h e  S i  p r e c i p i t a t e s  (-80 mg/l + 155 mg/l). 

500 mg/l (ppm) of  t o t a l  s o l i d s  are removed a t  pH = 6.0. 

s o l i d s  are about 17% i n  t h e  b r ine .  

the i n i t i a l  volume occupied by t h e  s e t t l e d ,  uncompacted p r e c i p i t a t e s .  

numbers i n d i c a t e  t h e  volume which would have t o  b e  disposed of i f  s e t t l i n g  

tanks were used 

Note t h a t  less than 

Tota l  dissolved 

The last  column gives t h e  percentage of 

These 
v - 7  

b 

Table 2 g ives  t h e  elemental  composition of  t h e  suspended and s e t t l e d  pre- 

c i p i t a t e s  as determined by x-ray fluorescence ana lys i s ,  

were made f o r  elements below Si.) 

c e n t r a t i o n  of  t h e  elements found i n  t h e  as received so lu t ion ,  on a water and 

NaC1-free bas is . .  Comparison of  t h e  concentrations of t h e  elements i n  t h e  

(No determinations 

The last  column i n  t h e  t a b l e  lists t h e  con- 
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p r e c i p i t a t e s  w i th  t h e  corresponding concentrations of t h e  dissolved s o l i d s  

i n i t i a l l y  i n  t h e  b r i n e  c l e a r l y  shows t h e  p r e f e r e n t i a l  p r e c i p i t a t i o n  of Si a t  

pH=6. 
Si and s u b s t a n t i a l l y  r i c h e r  i n  S than t h e  s e t t l e d  s o l i d s .  

It a l s o  appears t h a t  t h e  f i n e ,  suspended s o l i d s  are somewhat r i c h e r  i n  

8 Table 3 lists t h e  percent  o f  t h e  i n i t i a l  concentrations of var ious  

elements which p r e c i p i t a t e  under t h e  given conditions,  

derived from Tables 1 and 2 .  Under t h e  given conditions,  Si and Fe are t h e  

These d a t a  are 

primary elements which p r e c i p i t a t e ,  w i th  some entrainment of o the r  elements. 

PRELIMINARY CONCLUSIONS 

One might suggest poss ib l e  schemes f o r  b r i n e  treatment p r i o r  t o  r e i n j e c t i o n .  

A f loccu la t ing  agent  such as f e r r i c  ch lo r ide  o r  alum could b e  metered i n t o  t h e  

b r ine ,  o r  f e r r i c  i o n s  could b e  produced by oxida t ion  o r  e l e c t r o l y s i s  of t h e  

fe r rous  ions  a l ready  i n  so lu t ion .  Following p r e c i p i t a t i o n  wi th  caus t i c ,  t h e  

b r i n e  could e i t h e r  be  cent r i fuged  o r  s e t t l e d  and f i l t e r e d .  
cen t r i fug t ion  seems l i k e  t h e  b e t t e r  a l t e r n a t i v e ,  since i t  would r e q u i r e  less 

land  area, would n o t  e n t a i l  cool ing  o f  t h e  b r i n e  before  r e i n j e c t i o n ,  and would 

avoid t h e  ope ra t iona l  requirement o f  frequent back-washing of t h e  f i l t e r  bed. 

Small p i l o t  p l a n t  tests of  t h e s e  suggestions are recommended as t h e  n e x t  s t ep .  

Conceptually, 

While i t  is expected t h a t  t h e  t r e a t e d  b r i n e  w i l l  be  s t a b l e  a t  t h e  equil-  

ibrium pH of t h e  geothermal a q u i f i e r ,  t h i s  expec ta t ion  has  n o t  been experi- 

mentally v e r i f i e d .  



TABLE 1. Gross Effects of Brine Treatments. 

Precipi- 
Settled Precipi- Si i n  t a t e  vol- 

Suspended Settled tates, corrected solution me, X of 
precipi- precipi- for nominal m p f  1 brine 

Brine Source Treatment pE tates m g / l  tates mg/l PeO(0H) rag11 (1.) volume 

Wooslep 
MX3-L87 As taken 5.2 92 98 155 <1 

As taken 6.0 78 226 3 

-L86 

-L87 

1 SB-TF 95 

A8 taken 
Fe = 10 ppn 
Fe = 10 ppm 
Fe = 20 ppm 
Fe = 20 ppm 

Fe = 50 ppm 
UaClO=50 ppm 
UaClO -190 ppm 

A s  taken 
A s  taken 
Fe 10 ppm 
Fa 50 ppp 
NaC10 .r 50 ppm 

7.0 48 
5 
6 
5 
6 
5 
5 50 

6 52 

1008 
216 
296 
248 
332 
346 
348 
598 

5.9 162 192 
7.0 92 842 
6.0 116 220 
6.0 48 456 
6.0 68 292 

200 
280 
220 
300 
260 
- >220 
- >140 

200 
280 

10 
100/85* 
80/75* 

85 
70 

110 
15 

110 
105 
110 

10 
2 
4 
3 
4 

p. 3 
5 ~ e + ~  equiv-75 ppm 

Pe+3 equiv - 285 ppm 

3 
12 

5 
7 
5 ~ e + ~  equiv -75 ppm 

Settled, lees 
Anal. FeO(0H) 

M-SE-TF 
105 A s  taken 5.85 120 260 220 70 <1 

Fe = 50 ppm 6.0 212 234 200 67 8 
NaCl0*30 ppa 6.0 268 122 60 67 1-2 Pe+3 equiv- 50 ppm 
UaClO*r100 ppm 6.0 64 376 240 85 8 Pe+3 equiv-150 ppm 

.~ * 
Filtered before analysis 

1.) Anamet Analysis 
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TABLE 2. Chemical Analys is  of P r e c i p i t a t e s .  

Brine Sample LM-SB-"105 
Concentrat ions are Pe rcen t  by Weight 

si 
S 
K 
Ca 
Mn 
F e  

cu 
Zn 

As 
S r  

As 
Sb 

Ba 

Pb 
Sn 

27. 
.3 

1. 
3 05 

.04 

2.9 

. 01 
0 35 

-.05 

.04 

.4 

.05 

C.02 

.2 

34. . 16. 29. 28. 
2.4 .5 2. .6 
1. .8 .8 .8 

2. 3.7 3. 2.8 

- K.1 . 11 - X.1 .23 
4. 20.4 12. 12.6 

<.01 .Ol <.04 - <.01 
.4 .89 1.3 1.2 

<.06 -1.0 -.8 -3.3 

c.02 .08 c.03 - <e05 

c.1 .1 C . 1  c.1 
c.07 .ll <.06 .10 

<.I .8 <.I .1 

K . 1  1.1 <1. .9 

31. 
1.0 

.7 
3. 

.2 
9.  

c.07 

.9 

-1.8 

- <.02 
.8 

.06 

c.1 
.7  

23. 
.4 

.7 
3.5 

.22 
17.8 

.01 

.87 

-2.3 

.07 

.9 

.05 

.1 

.9 

23. 
5. 
2. 
9. 

.3 
22. 

.02 
1. 

-3. 

- <.1 
<.4 
<.2 

< .2 

2. 

.20 

9.8  

33. 
.66 

.17 

< .002 
.26 

.15 

.04 

.06 

Anal. of T o t a l  
As Received Fe = 50 ppm NaClO-30 ppm N a C l O  - 100 ppm S o l i d s  i n  Solu- 

+3 
pn = 5.85 pH = 6.0 pH = 6.0 pH - 6.0 t i o n 1  - N a C l  and 

S e t t l e d  Suspended S e t t l e d  Suspended S e t t l e d  Suspended S e t t l e d  Suspended wa te r  f r e e  b a s i s  

1.) Densi ty  = 1.12 g/ml 
T o t a l  Dissolved S o l i d s  = 16.8% 
N a C l  - 10.2% 
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TABLE 3. Percent of Dissolved Substances Which P r e c i p i t a t e  * 
Brine Sample LM-SB-TF105 

As Received Fe = 50 ppm NaClO-30 ppm NaClO-100 ppm -I-3 

pH = 5.85 pH = 6.0 pH = 6.0 pH = 6.0 

s i  75% 82% 
Ca .05 .08 
Fe 10. 55 . 
Zn .7 3. 
Ba c.2 3. 

Pb 2. 14. 

80% 
05 

30. 

2. 

*2  

10. 

69% 

08 

64. 

2. 

.5 

17. 
* 

These da t a  are derived from Tables 1 and 2. To i l l u s t r a t e  how t h e  numbers are 
obtained, consider t h e  case of Si i n  t h e  "as received" Sample a t  pH = 5.85: 

From Table 1 

S e t t l e d  p r e c i p i t a t e  = 260 mg/l 

Suspended p r e c i p i t a t e  = 120 mg/l 

From Table 2 

S i  i n  s e t t l e d  p r e c i p i t a t e  = .27 X 260 = 70.2 mg/l 

Si i n  suspended p r e c i p i t a t e  = .34 X 120 = 40.8 mg/l 

= 111.0 mg/l Tota l  P rec ip i t a t ed  Si 

00020 g s i  x (  .168-.102)g(NaCl f r e e  s o l i d s )  Si i n  Solution = g(NaC1 f r e e  s o l i d s )  g (solution) 

(X 1000 mg/g) = 148 mg S i / l  
X 1120 g(so1ution) 

1 (solution) 

111 mR/1 re 75%1 
148 mg/l % S i  p rec ip i t a t ed  = 100 
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sponsored by the United States Government. 
Neither the United States nor the United States 
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product or process disclosed, or represents that 
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NOTICE 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the 
US. Department of Energy to the exclusion of 
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