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I n t r o d u c t i o n  

This r e p o r t  i s  a compi la t ion o f  b r i e f  summaries o f  t he  R & D a c t i v i t i e s  

i n  Geochemical Engineering c a r r i e d  o u t  by LLNL du r ing  t h e  years 1976-1980 

a t  t h e  Sa l ton  Sea Geothermal F ie ld ,  Imper ia l  County, C a l i f o r n i a .  The 

accompanying references c o n s t i t u t e  a b ib l iography  o f  r e p o r t s  i n  t h i s  area. 

Not inc luded are accounts o f  our s tud ies  i n  ma te r ia l s  and corros ion,  

r e s e r v o i r  engineering, and mechanical engineering, some o f  which have been 

reviewed elsewhere. 

Prev ious r e p o r t s  t h a t  summarize LLNL geothermal work which may be o f  

i n t e r e s t  t o  the  reader a re  a progress r e p o r t  o f  a l l  LLNL work t o  

January 1977,' l )  a summary r e p o r t  o f  research on t h e  t o t a l  f low t u r b i n e  

concept,(2) a more d e t a i l e d  synopsis o f  the  r e s u l t s  o f  our s tud ies  i n  

s c a l i n g  and b r i n e  ~ h e m i s t r y , ' ~ )  an i n t e r i m  review,(4) and LLNL 

i n d u s t r i a l  support program t e s t  r e s u l t s  i n  FY 1979. 

References 
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3.  

4. 

5. 

A. L. Austin, A. W .  Lundberg, L. 8. Owen, and G. E. T a r d i f f ,  - The 
Geothermal Energy Program Status Report, January 1976 t o  
January 1977, Lawrence Livermore Laboratory Rept . UCRL-50046-76 (1977). 
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Status Report on the  Development of the  T o t a l  Flow Concept, Lawrence 
Livermore Laboratory Rept. UCRL-50046-77 (1978). 

J. E. Harrar ,  Synopsis o f  Studies o f  B r ine  Chemistry and Sca l ing  a t  the 
Sal ton  Sea Geothermal f i e l d ,  
UCID-xxxxx (1980); i n  press. 

Lawrence Livermore Laboratory Rept . 

G. E. T a r d i f f ,  Using Sa l ton  Sea Geothermal Br ines  f o r  E l e c t r i c a l  
Power: 
1976 Status, Lawrence Livermore Laboratory P r e p r i n t  UCRL-79468 (1977) ; 
presented a t  t he  12 th  I n t e r s o c i e t y  Energy Conversion Engineering 
Conference, Washington, D.C., 1977. 

A Review o f  Progress i n  Chemistry and Ma te r ia l s  Technoloyy - 

R. Quong and L. B. Owen, e d i t o r s ,  LLL I n d u s t r i a l  Support Program 
Resul ts  on Scale Contro l ,  Corrosion, b S  Abatement, and I n j e c t i o n  a t  
t h e  Sal ton Sea Geothermal F i e l d  i n  FY 1979, Lawrence Livermore 
Laboratory Rept. UCID-18596 (1980). 
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LLNL Geothermal F i e l d  Test Apparatus 

I n  1976 a f i e l d  t e s t  f a c i l i t y  was es tab l i shed by the  Lawrence Livermore 

Na t iona l  Laboratory (LLNL) a t  t he  Sal ton Sea Geothermal F i e l d  f o r  the  

eva lua t ion  of b r i n e  chemistry and ma te r ia l s  problems such as cor ros ion  and 

sca l i ng .  (lp2) The b r i n e  handl ing system was operated a t  var ious times 

u n t i l  December 1979, w i t h  b r i n e  from one o f  two geothermal wel ls :  Magmamax 

No. 1 and Woolsey No. 1. We coordinated our s tud ies  and the  f l u i d  handl ing 

with the  w e l l  owners and operators, t he  Imper ia l  Magma Company, and with 

t h e  San Diego Gas and E l e c t r i c  Company i n  the  opera t ion  o f  t h e i r  Geothermal 

Loop Experimental F a c i l i t y  (GLEF). 

The LLNL apparatus was configured i n i t i a l l y  as shown i n  F igure 1 t o  

examine the  corros ion/eros ion c h a r a c t e r i s t i c s  o f  s imulated tu rb ine  

components (nozzles and wear b lades) ,  and t o  i n v e s t i g a t e  the  c o n t r o l  o f  

sca le by b r i n e  a c i d i f i c a t i o n .  This system enabled t e s t i n g  components and 
b r i n e  c h a r a c t e r i s t i c s  under th ree  d i f f e r e n t  cond i t i ons  

simultaneously. We operated the  well-head or  f i r s t - s t a g e  separator (a  

c e n t r i f u g a l  type)  i n  a l l  the  experiments a t  a temperature o f  ?.210°C, %250 

ps ia ,  and an input f low r a t e  of  %50 gpm a t  a steam q u a l i t y  o f  $lo%. 
b r i n e  was pumped i n t o  the  GLEF i n j e c t i o n  l i n e  f o r  d isposal .  

The system was then converted t o  a four-stage f l a s h  system, as shown i n  

F igure 2, t o  ob ta in  more d e t a i l e d  in format ion on the  cor ros ion  o f  candidate 

p l a n t  ma te r ia l s  and s c a l i n g  r a t e s  as a func t i on  o f  temperature and b r i n e  

pH. 
as sca le  c o n t r o l  agents, t h e  b r i n e  handl ing system was again modif ied, as 

shown i n  F igure  3, t o  a two-channel system. I n  the  two-channel system 

the re  was one f l a s h  stage fol lowed by a delay stage t h a t  simulated 

cond i t i ons  i n  an atmospheric f lash stage and r e i n j e c t i o n  l i n e .  

t h e  e f f e c t  o f  b r i n e  add i t i ves  on s c a l i n g  and cor ros ion  ra tes ,  t h i s  system 

incorporated specimens of m i l d  s t e e l ,  Has te l loy ,  and Teflon, and P e t r o l i t e  

e lect rochemical  cor ros ion  moni tor ing equipment. 

Spent 

F i n a l l y ,  t o  ca r ry  ou t  an i n v e s t i g a t i o n  o f  t he  use o f  organic add i t i ves  

To measure 
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Figure 1 .  Simplified diagram o f  LLNL geothermal t e s t  system for  studies of 
turbine components. 
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The r e s u l t s  of experiments i n  scale c o n t r o l  and b r i n e  i n j e c t i v i t y  us ing  

The b r i n e  s o l i d s  removal these product ion-wel l  systems are  o u t l i n e d  below. 

s tud ies ,  p i l o t  sca le e f f l uen t  treatment tes ts ,  and some o f  the  i n j e c t i v i t y  

t e s t i n g  were performed with another t e s t  f a c i l i t y  const ructed a t  t he  

Magmamax No. 3 i n j e c t i o n  w e l l .  

Reference 

1. F. E. Locke, J.  Grens, and G. E.  T a r d i f f ,  "LLL Geothermal F i e l d  
Laboratory, 
1 (1977)  pp. 191-193. 

i n  Trans. Geothermal Resources Counci l  Meeting, San Diego, 
- 

2. F. E. Locke, L. B. Owen, and R. Quong, Lawrence Livermore Laboratory 
Test F a c i l i t i e s  a t  t he  Sal ton Sea Geothermal F i e l d ,  Southern 
C a l i f o r n i a ,  Lawrence Livermore Laboratory P r e p r i n t  UCRL-83428 (1979)  . 
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Br ine  A c i d i f i c a t i o n  as a Means o f  Scale Cont ro l  

a t  t he  Sal ton Sea Geothermal F i e l d  

(I F i e l d  experiments f i r s t  c a r r i e d  ou t  dur ing  1976' l )  showed t h a t  bo th  

s u l f i d e  and s i l i c e o u s  sca le  cou ld  be s i g n i f i c a n t l y  reduced by lower ing  the  

pH o f  t he  b r i n e  by i n j e c t i o n  o f  hydroch lo r ic  ac id .  Br ine  a c i d i f i c a t i o n  i s  
t h e  on ly  chemical method discovered thus f a r  t h a t  reduces the  r a t e  o f  

growth o f  t he  h i g h  temperature s u l f i d e  scales. 

experiments, more d e t a i l e d  knowledge was obta ined on the  e f f e c t  o f  b r i n e  pH 

on the  r a t e s  o f  s i l i c a  p rec ip i t a t i on , " )  t he  na ture  o f  t he  s o l i d s  

e 

I n  subsequent f i e l d  

p r e c i p i t a t e d ,  ( 3 )  t h e  i n t e r a c t i o n s  o f  the  processes o f  cor ros ion  and 

sca l ing ,  (4)  (3,5) and t h e  degree o f  sca le reduc t i on  

References 

1. J. Z. Grens and L. B. Owen, "F ie ld  Eva lua t ion  o f  Scale Cont ro l  
Methods: 
San Diego, - 1 (1977) pp. 119-121; see a l so  L. B. Owen, - I b i d . ,  pp. 

Ac id i f i ca t i on , "  Trans. Geothermal Resources Counci l  Meeting, 

235-237. 

2. J.  E. Harrar ,  C. H. Otto, Jr . ,  J. H. H i l l ,  C. 3. Morr is ,  R. Lim, and S. 
B. Deutscher, Determination o f  the  Rate o f  Formation o f  So l i ds  from 
Hypersal ine Br ine  as a Funct ion o f  pH, Lawrence Livermore Laboratory 
Rept. UCID-17596 (1977). 

3. J. E .  Harrar ,  C. H. Ot to ,  Jr.,  S. B. Deutscher, R. W .  Ryon, and G. E.  
T a r d i f f ,  Studies o f  B r ine  Chemistry, P r e c i p i t a t i o n  o f  Sol ids,  and Scale 
Formation a t  t h e  Sa l ton  Sea Geothermal F i e l d ,  Lawrence Livermore 
Laboratory Rept. UCRL-52640 (1979). 

4. J .  E. Harrar, 3. W .  Fischer, W .  J. Beiriger, W .  J. Steele, 
S. A. D ig ia l lonardo,  and D. D. McCoy, Corrosion Sci. - 19, 819 (1979).  

5. 3. E. Harrar, F. E. Locke, C. H. Otto, Jr. ,  L. E. Lorensen, 
W. P. Frey, and E. 0. Sne l l ,  On-Line Tes ts .o f  Organic Add i t i ves  fo r  t h e  
I n h i b i t i o n  o f  t h e  P r e c i p i t a t i o n  o f  S i l i c a  from Hypersal ine Geothermal 
B r i n e  111. Sca l ing  Measurements and Tests o f  Other Methods o f  B r ine  
Mod i f i ca t ion .  Lawrence Livermore Laboratory Rept. UCIO-18238 (1979). 

. 
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Tests of Seeding and Other Chemical Methods fo r  the  Contro l  

o f  Scale a t  t h e  Sa l ton  Sea Geothermal F i e l d  

Because the  a d d i t i o n  o f  p rev ious ly  p r e c i p i t a t e d  s i l i c a  i n  the  form o f  a 

s ludge had been shown t o  be e f f e c t i v e  i n  removing s i l i c a  from geothermal 

brine,") t h i s  approach was also t es ted  as a method o f  sca le 

c o n t r o l .  ( 2 9 3 )  Only a few experiments were performed because o f  equipment 

l i m i t a t i o n s ,  b u t  i t  was c l e a r l y  shown t h a t  t he  sludge seeding process 

reduced t h e  l e v e l  o f  s i l i c a  supersaturat ion and re ta rded scale formation 

s t r a i g h t  runs  o f  pipe. (2,3) 

c o n t r o l  had promise i f  b r i n e  hand l ing  equipment cou ld  be used t h a t  would 

t o l e r a t e  t h e  h i g h  l e v e l s  o f  suspended s o l i d s .  

Somewhat s i m i l a r  experiments i n  acce le ra t ing  the  r a t e  o f  s i l i c a  

p r e c i p i t a t i o n  were c a r r i e d  ou t  i n  which hydrogen peroxide or  sodium 

hydroxide were i n j e c t e d  i n t o  t h e  b r ine .  

I t  was concluded t h a t  t h i s  method o f  sca le 

Both had the  expected e f f e c t  on 

i n  

t h e  d isso lved s i l i c a ,  b u t  poss ib le  b e n e f i c i a l  e f fec ts  on the  s i l i c a  s c a l i n g  

r a t e  were n o t  assessed. 
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Tests of Proprietary Organic Additives for the 
Control of Scale a t  t h e  Salton Sea Geothermal Field 

I n  1978 an i n d u s t r y  so l ic i ta t ion  was conducted for scale control agents 
t ha t  might  be  active toward the Salton Sea Geothermal Field scales. 
of  these were evaluated i n  f i e ld  scaling t e s t s  and an additional eight 
formulations were evaluated as s i l i c a  precipitation inhibi tors .  
Baseline scaling ra tes  were found t o  be a strong function o f  brine sa l in i ty  
(TDS), which increased w i t h  production-well flow ra te .  The highest scaling 
r a t e s ,  a t  the maximum well flow ra tes ,  were $0.1 m i l / h  (primarily sulfide 
sca le )  a t  2 l O o C ,  $0.8 m i l / h  a t  1 2 5 O C ,  and %5 mil /h  a t  9OoC. 

Nine 

(1 ,2)  

None of the proprietary additives were clearly effect ive i n  reducing 

Although chemical additives for the control of  ca l c i t e ,  gypsum, 
the ra tes  o f  scale  formation, and none retarded t h e  precipitation o f  

s i l i c a .  
and other c rys ta l l ine  scales were well known, i t  appeared that  there was no 
knowledge i n  the water treatment i n d u s t r y  of how t o  retard the formation of 
metal s u l f i d e  and s i l i c a  scales from geothermal brine. 
References 

1. J. E. Harrar, F. E. Locke, C. H. Otto, Jr . ,  S. B. Deutscher, R. L i m ,  

- .  ?r Approaches for 
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o f  Proprietary Chemical Additives, Seeding, and Other Approaches for 
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W. P. F r e y ,  L .  E. Lorensen., E. 0. Sne l l ,  R.  L i m ,  R .  W. Ryon, and 
R. Quong, Final Report on Tests o f  Proprietary Additives as 
Antiscalants f o r  Hypersaline Geothermal Brine, Lawrence Livermore 
Laboratory Rept. UCID-18521 (1980). 
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Tests o f  Generic Organic Compounds f o r  Cont ro l  o f  Scale 

a t  t he  Sa l ton  Sea Geothermal F i e l d  

In  1978 and 1979 a s e r i e s  o f  f i e l d  t e s t s  was performed on approximately 

120 d i f f e r e n t  organic compounds o f  var ious types t o  determine t h e i r  

a c t i v i t y  toward s i l i c a  i n  t h e  hypersa l ine  geothermal b r i ne .  

were f i r s t  screened by determining t h e i r  a b i l i t y  t o  i n h i b i t  the  

p r e c i p i t a t i o n  o f  s i l i c a .  The most promising compounds were then subjected 

t o  s c a l i n g  t e s t s ,  dur ing  which cor ros ion  measurements were a l s o  performed. 

I n  the  course o f  t h e  t e s t i n g ,  c e r t a i n  func t i ona l  groups emerged as most 

The compounds 

ac t i ve ,  and u l t i m a t e l y  3 or 4 s p e c i f i c  commercially a v a i l a b l e  compounds 

appeared t o  be the  most promising as an t i sca lan ts .  

sca le  reduc t i on  t h a t  was achieved with a s i n g l e  a d d i t i v e  (Corcat P-18) was 

a f a c t o r  o f  18 a t  9OoC. Although no t  thoroughly evaluated because o f  

l i m i t a t i o n s  on a v a i l a b l e  t e s t i n g  time, i t  was concluded t h a t  t he  bes t  
a d d i t i v e  fo rmula t ion  would probably be a mix tu re  o f  compounds: an organic 

s i l i c a - p r e c i p i t a t i o n  i n h i b i t o r ,  a smal l  amount o f  hydroch lo r ic  ac id ,  and a 

phosphonate c r y s t a l l i n e  deposi t  i n h i b i t o r .  

developed on t h e  mechanism o f  format ion o f  sca le from hypersal ine b r i n e  and 

t h e  a c t i o n  o f  t h e  a d d i t i v e s  i n  r e t a r d i n g  the  s i l i c a  scale. 

repor ts ,  (4-7) a manuscript f o r  j o u r n a l  pub l i ca t i on ,  ( 8 )  a semi-technical 

account, ( 9 )  and some suggestions f o r  f u tu re  work. 
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Studies o f  t he  D isso lu t i on  o f  Geothermal Scale 

I 

of t h e  N i land scales from p l a n t  equipment by chemical means, l abo ra to ry  

experiments were performed i n  which wel l -character ized samples o f  sca le  

from the  GLEF were exposed t o  severa l  low-cost mix tures o f  reagents. 

The samples o f  sca le  were obta ined from p o i n t s  throughout both t r a i n s  o f  

t he  GLEF a f t e r  Q1000-hr operations with Magmamax No. 1 and Woolsey No. 1 

wel ls .  The f o l l o w i n g  treatments were t e s t e d  f o r  per iods on 1, 4 ,  and 24 

hr.  a t  25 and 8OoC : H20, 0.5 - M NaOH, 0.5 - M NaOH + 0.05 - M EDTA, 0.5 - M 

HC1, 0.5 - M HC1 + 0.13 - M H202, 0.5 - M HC1 + 0.2 - M HN03, 0.5 - M HAC 

( a c e t i c  ac id )  + 0.5 - M HNOJ, 0.1 - M HF, and 0.1 - M HF + 0.5 - M HN03. 

and NaOH + EDTA, wh i le  the  bes t  reagent f o r  d i s s o l v i n g  t h e  PbS-rich, 

high-temperature sca le  was HN03 with HF or  HAC a t  8OoC. More 
concentrated so lu t i ons ,  p a r t i c u l a r l y  o f  compounds such as HF, would be much 

more e f f e c t i v e ,  b u t  would be hazardous t o  use. 

and mechanical c lean ing  methods may be the  most e f f e c t i v e  technique o f  

sca le  removal. 

Reference 

To l e a r n  whether a p r a c t i c a l  method might be developed f o r  the  removal 

(1 1 

The predominantly s i l i c a  scales were p a r t i a l l y  d isso lved by h o t  NaOH 

A combination o f  chemical 

1. S. 8 .  Deutscher, D. M. Ross, R. Quong, and 3.  E. Harrar ,  Studies o f  t he  
D isso lu t i on  o f  Geothermal Scale, Lawrence Livermore Laboratory Rept. 
UCRL-52897 (1980). 
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Chemical Measurement Developments 

Several new techniques were developed for  the  measurement o f  t h e  

chemical parameters o f  t he  geothermal b r i nes  o f  t he  Sal ton Sea Geothermal 

F i e l d .  
f l u i d  samples, (' 9 2 )  an anaerobic incubat ion  and a n a l y t i c a l  technique for  
fo l low ing  t h e  r a t e s  o f  s i l i c a  p r e c i p i t a t i o n  a t  90°C,(3) and t h e  

a p p l i c a t i o n  o f  l a s e r  p a r t i c l e  count ing techniques t o  the  cha rac te r i za t i on  

o f  geothermal b r ines .  ( 4 )  

techniques for b r i n e  i n j e c t i o n  t e s t i n g  and e lect rochemical  cor ros ion  r a t e  

measurement. 

References 

These inc lude  an i n s e r t a b l e  probe f o r  a c q u i s i t i o n  of  geothermal 

Related developments described elsewhere are  

1. 

2.  

3. 

4. 

3. H. H i l l  and C. H. Otto, Jr. ,  Sampling and Charac ter iza t ion  of 
Suspended So l i ds  i n  Br ine  from Magmamax No. 1 Well, Lawrence Livermore 
Laboratory Rept. UCRL-79007 (1977). 

3. H. H i l l ,  3. E. Harrar, C. H. Otto, Jr.,, S. B. Deutscher, 
H. E. Crampton, R. G. Grogan, and V.  H. Hendricks, Apparatus and 
Techniques f o r  t h e  Study o f  P r e c i p i t a t i o n  o f  So l i ds  and S i l i c a  from 
Hypersal ine Geothermal Br ine,  Lawrence Livermore Laboratory Rept. 
UCRL-52799 (1979). 

J. Z. Grens, Pre l im inary  Tests Using a Laser Pa r t i c l e -S ize  Analyzer on 
Geothermal Br ine,  Lawrence Livermore Laboratory Rept. UCID-17637. 

-1 3- 



Chemical Modeling of Geothermal Systems 

Prev ious ly  repor ted  work (1) on the  use o f  computer modeling t o  

p r e d i c t  chemical e q u i l i b r i u m  s ta tes  of  geothermal systems was extended and 

r e f i n e d .  
p r e d i c t  p r e c i p i t a t i o n  i n  b r i n e s  a t  the  Sal ton Sea Geothermal F ie ld .  (2,3) 

A p r e d i c t i v e  model was a l s o  developed fo r  c a l c u l a t i o n  of e q u i l i b r i a  between 

l i q u i d  and v o l a t i l e  components o f  two-phase f l u ids .  ( 4 )  

model based on t h e  Newton-Raphson method o f  s o l u t i o n  i s  described i n  d e t a i l  

computer code for  c a l c u l a t i n g  t h e  thermodynamic phys i ca l  p roper t ies  o f  

geothermal brine/steam mixtures was a l so  developed. ( 7 )  
rev iew(8)  was presented o f  t he  a v a i l a b l e  in format ion on s u l f i d e  minera l  

p r e c i p i t a t i o n  and the  chemical methods t h a t  might be used t o  avo id  i t  i n  

geothermal systems. 
References 

The Helgeson-Herrick geochemical code was adapted and used t o  

A new chemical 

with examples of model p red ic t i ons  f o r  some geochemical systems. ( 5 9 6 )  A 

A d e t a i l e d  

1. 

2. 

3. 

4. 

5 .  

6 .  

A. L. Austin, A. W. Lundberg, L. B. Owen, and G. E. T a r d i f f ,  The 
Geothermal Energy Program Status Report, January 1976 t o  January 1977, 
Lawrence Livermore Laboratory Rept. UCRL-50046-76 (19771, pp. 98-102. 

- 

D. G. M i l l e r ,  A. J. P i w i n s k i i ,  and A. J. Yamauchi, "Geochemical 
Equ i l i b r i um Codes: A Means of Modeling P r e c i p i t a t i o n  Phenomena i n  t h e  
Sa l ton  Sea Geothermal F ie ld ,1v i n  Proc. I n t .  Symp. O i l f i e l d  and 
Geothermal Chemistry SPE-AIME, San Diego (1977) pp. 167-172. 

D. G. M i l l e r ,  A. J. P i w i n s k i i ,  and A. J. Yamauchi, The Use o f  
Geochemical-Equilibrium Computer Ca lcu la t ions  t o  Estimate P r e c i p i t a t i o n  
from Geothermal Brines, Lawrence Livermore Laboratory Rept. UCRL-52197 
(1977). 

D. D. Jackson, llComputation o f  Gas-Liquid E q u i l i b r i a  i n  High-Saline 
Geothermal F lu ids , "  i n  Proc. Symp. on O i l f i e l d  and Geothermal 
Chemistry, SPE-AIME, San Diego (1977) pp. 221-228. 

T. J. Wolery , Ca lcu la t i on  of Chemical Equ i l i b r i um Between Aqueous 
So lu t i on  and MInerals: The EQ 3/6 Software Package, Lawrence Livermore 
Laboratory Rept. UCRL-52658 (1979). 

T. J. Wolery, Tomputer S imulat ion o f  Temperature-Dependent Equ i l i b r i um 
Prec ip i t a t i on , "  i n  Trans. Geothermal Resources Counci l  Meeting Reno, 3 ' -  - 
(1978) pp. 793-795. 
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7. A. B. M i l l e r ,  A Brine-Steam Proper t ies  Computer Program f o r  Geothermal 
Energy Calcu lat ions,  Lawrence Livermore Laboratory Rept. UCRL-52495 
(1978). 

D. D. Jackson and J. H. H i l l ,  P o s s i b i l i t i e s  f o r  C o n t r o l l i n g  Heavy Metal 
Su l f ides  i n  Scale from Geothermal Brines, Lawrence Livermore Laboratory 

8. 
Rept. UCRL-51977 (1976). _. 
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Processing of Geothermal Brine Effluents f o r  Injection 

A process was developed for t reat ing Salton Sea Geothermal Field brine 
eff luents  for injection. ( lf2) 

i n  suspended so l ids ,  and high i n  in jec tab i l i ty .  
so l ids  contact c la r i f ica t ion ,  i n  which the spent brine i s  f i r s t  intimately 
contacted w i t h  sludge sol ids  and then passed through a dense sludge blanket 
of s i l i ca- r ich  precipitated sol ids .  The c l a r i f i e r  overflow stream is  then 
polished by sand or precoat pressure f i l t r a t ion .  
conducted w i t h  inorganic and organic coagulants as  a means of enhancing 
c l a r i f i e r  performance . ( 3 )  

signif icant  benefit and was used i n  subsequent p i lo t  c l a r i f i e r  t e s t s .  
pilot-sized reactor c l a r i f i e r  was tested a t  a flowrate o f  1.10 gpm u s i n g  
brine effluents from the GLEF. 
pre-coat pressure f i l t r a t i o n  techniques were also tested.  
demonstrated that  chemically s table  brine effluents w i t h  1-2 ppm levels o f  
suspended sol ids  can be produced. 
(described below) indicated that  these effluents can be disposed of by 

subsurface injection without significantly impairing injection wells a t  the 
Salton Sea Geothermal Field. 
Reference 

Such eff luents  are  chemically s table ,  low 

The process consists o f  

Bench scale t e s t s  were 

An anionic coagulant aid was found to  be of 
The 

Mixed-granular-media and diatomoceous earth 
I t  was 

Injectabi l i ty  t e s t s  of these effluents 

1. 

2 .  

3 .  

R .  Quong, F. Schoepflin, N. D. Stout, G.  E. Tardiff ,  and F. R .  McLain, 
"Processing of Geothermal Brine Effluents for Injection," i n  Trans. 
Geothermal Resources Council Meeting, Hilo, - 2 (1978) pp. 551-554. 

R. Quong, L.B. Owen, and G .  E.  Tardiff, IIGeothermal Brine Injection 
Evaluation Methodology," i n  Proceedings Second Invitational 
Well-Testin S m osium Berkeley, CA,  Lawrence Berkeley Laboratory Rept 
7 m - 8 0 .  

R .  Quong, F. Schoepflin, and N. D. Stout, Conditioning of Geothermal 
Brine Effluents f o r  Injection--Use of Coagulants, Lawrence Livermore 
Laboratory Rept. UCID-17716 (1978). 
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Hydrogen S u l f i d e  Abatement Using Geothermal B r ine  E f f l uen ts  

A simple and p o t e n t i a l l y  inexpensive method f o r  removal o f  H2S from 

noncondensible gases evolved i n  geothermal f lash  processes was success fu l l y  

t es ted  on a smal l  sca le  i n  t h e  f ie ld . " )  The method cons is t s  o f  

scrubbing t h e  noncondensible gases o f  l-$S with b r i n e  e f f l u e n t s  which 

con ta in  r e l a t i v e l y  h i g h  concentrat ions o f  Pb, Fe, and Zn such as those o f  

t h e  Sa l ton  Sea and Brawley Geothermal F ie lds .  

noncondensibles i n c l u d i n g  H2S would be e jec ted  from a surface steam 

condenser (necessary t o  minimize the  volume o f  l i q u i d  i n  contac t  with 

H2S) and scrubbed with e f f l u e n t  b r i n e  j u s t  p r i o r  t o  p r e i n j e c t i o n  

c l a r i f i c a t i o n .  

c l a r i f i c a t i o n  process and the  noncondensib.les, w i thout  t h e  H2S, would be 

vented as usual. 

Reference 

For p l a n t  app l i ca t ions ,  

The p r e c i p i t a t e d  metal s u l f i d e s  cou ld  be removed i n  the  

1. R. Quong, K. G. Knauss, N. D. Stout, and L. B. Owen, "An E f f e c t i v e  
H2S Abatement Process Using Geothermal B r ine  E f f l uen ts , "  i n  Trans. 
Geothermal Resources Counci l  Meeting ' --  Reno, - 3 (1979) pp. 557-559. 
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Study of Use of Surface Waters t o  Supplement I n j e c t i o n  

a t  t he  Sa l ton  Sea Geothermal F i e l d  

Three sources of l o c a l  water (Sal ton Sea, New River ,  and Alamo R ive r )  - 
were evaluated fo r  use as makeup waters dur ing  i n j e c t i o n .  I t  was found 

h i g h  suspended s o l i d s  l e v e l s  and because mix ing  o f  the  i n j e c t i o n  waters 

with geothermal b r i n e  e f f l u e n t  r e s u l t s  i n  a d d i t i o n a l  p r e c i p i t a t i o n .  

However, m ix tu res  o f  ambient temperature makeup water and h igher  

temperature (80-9OoC) b r i n e  e f f l u e n t ,  i n  a 1:4 mass r a t i o ,  are 

p o t e n t i a l l y  i n j e c t a b l e  fo l low ing  processing by r e a c t i o n  c l a r i f i c a t i o n  and 

granu lar  media f i l t r a t i o n .  

t h a t  d i r e c t  i n j e c t i o n  of  makeup water was n o t  f eas ib le  because o f  t h e i r  5 

Reference 

1. E. Raber, L. B. Owen, and J. E. Harrar, "Using Surface Waters fo r  
Supplementing I n j e c t i o n  a t  t he  Sal ton Sea Geothermal F i e l d ,  Southern 
Ca l i f o rn ia , "  i n  Trans. Geothermal Resources Counci l  Meeting, Reno, 3 - -  
(1979) pp. 561-564. 
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Measurement o f  I n j e c t a b i l i t y  o f  Geothermal Br ines 

Because the  a b i l i t y  t o  i n j e c t  %pent" geothermal b r i n e  i s  a c r i t i c a l  

and perhaps l i m i t i n g  fac to r  i n  the  development o f  t h e  Imper ia l  Val ley 

resources, considerable R & D e f f o r t  was d i r e c t e d  toward an assessment o f  

t h e  i n j e c t a b i l i t y  o f  t he  b r i n e s  under var ious  cond i t ions .  

t o  measure t h e  f low o f  b r i n e  through media t h a t  s imulated or represented 

downhole i n j e c t i o n  formations, and then c o r r e l a t e  these measurements, 

i n s o f a r  as poss ib le ,  with a c t u a l  i n j e c t i o n  w e l l  performance. Because of  
t h e  i n s t a b i l i t y  o f  t h e  b r i n e  o f  t he  Sal ton Sea Geothermal F i e l d  with 

respect  t o  the  p r e c i p i t a t o n  o f  t he  iron-r ick1 s i l i c a ,  a l l  experiments were 

c a r r i e d  o u t  i n  t h e  f i e l d ,  on- l ine,  and a t  e f ' f luen t  b r i n e  temperatures of  

The approach was 

70-102°C. 

un t rea ted  and a c i d i f i e d  b r i n e  i n  core flooding'') and membrane 

f i l t r a t i o n " )  t es ts .  

very  h i g h  suspended s o l i d s  l e v e l s  and t h a t  t he  i n j e c t i o n  o f  these b r ines  

would n o t  be f e a s i b l e  un less t h e  1-um and l a r g e r  p a r t i c u l a t e s  were 

removed. Br ines whose pH had been lowered t o  r e t a r d  scale format ion had 

markedly lower suspended s o l i d s  l e v e l s ,  b u t  t h i s  b r i ne ,  a t  pH %4.5, i s  

s t i l l  n o t  h i g h l y  i n j e c t a b l e  w i thout  p r e f i l t r a t i o n .  

operated(4) and a ~ t o m a t e d ' ~ )  apparatus were used f o r  t he  core f l ood ing  

and membrane f i l t r a t i o n  experiments. 

app l i ed  t o  e f f l u e n t  b r i n e  produced by t h e  LL.NL p i l o t  c l a r i f i e r / f i l t r a t i o n  
system(6) ana t h e  Imper ia l  Magma 10 MW-size system(7) t o  v e r i f y  t h e i r  

performance. I n  r e l a t e d  work, t h e  v i s c o s i t y  o f  t h e  geothermal b r i nes  was 

determined as a func t i on  o f  temperature and i o n i c  

s t rength .  

Apar t  from the  work i n  the  Imper ia l  Val ley,  these techniques were a l s o  

u t i l i z e d  i n  an assessment o f  i n j e c t i o n  problems a t  t he  S t ra teg i c  Petroleum 

Reserve s i t e s ,  ( 9  ,lo) and r e c e n t l y  i n  eva lua t i ng  b r i n e  i n  j e c t a b i l i t y  a t  

t he  DOE geopressured w e l l  i n  Brazor ia  County, Texas. 

The f i r s t  s tud ies  were i n v e s t i g a t i o n s  of' t he  c h a r a c t e r i s t i c s  o f  bo th  

It was shown t h a t  un t rea ted  e f f l u e n t  b r i nes  had 

Both manually 

These eva lua t ion  techniques were a l s o  

(8; see a l so  Ref. 3)  

(11 1 
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