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THE ROLE OF BIOTECHNOLOGY I N  THE TREATMENT OF GEOTHERMP RE 

E.T. Premuzic*, M. Lin* 

ABSTRACT 

I D U A L  SLUDGE 

Power p lan ts  which use geothermal heat t o  generate e l e c t r i c  power produce 
a res idua l  sludge i n  large quant i t ies .  This mater ia l  p rec ip i t a t e s  from 
supersaturated br ines  and contains tox ic  metals, some of which a re  pres- 
e n t  i n  concentrations exceeding the non hazardous waste disposal  regula- 
t ions.  Disposal of t h i s  waste as  hazardous waste i s  cost ly .  Work i n  
t h i s  laboratory has shown tha t  a biotreatment of the geothermal waste i n  
which tox ic  metal r e s i s t a n t  acidophi l ic  organisms are  used can serve a s  a 
bas is  f o r  a n e w  biotechnology fo r  de tox i f i ca t ion  of geothermal res idua l  
br ine sludges. Phase one studies have shown tha t  an economically and 
technica l ly  feas ib le  biotechnology can be developed . The e f f i c i ency  of 
t h i s  technology depends on a number of parameters such a s  the bioreactor  
design,  residence time, and the number and concentration of tox ic  metals 
t o  be removed. Further,  the process, while rendering a detoxif ied mate- 
r i a l ,  produces a l iquid phase which is enriched i n  tox ic  metals. This 
aqueous phase can be re injected i n t o  the wells, o r  processed f o r  the 
recovery of tox ic  metals, some of which are commercially valuable,  f o r  
example, chromium. A p a r a l l e l  study i n  t h i s  laboratory has shown t h a t  a 
combined chemical and biochemical process f o r  the recovery of these 
metals may a l s o  be feas ib le .  Data presented i n  t h i s  paper i l l u s t r a t e  
var ious aspects  of the de tox i f i ca t ion  and recovery processes. 

INTROD UCT I O N  

Liquid-dominated hydrothermal systems u t i l i z e  l i qu ids  containing la rge  
amounts of dissolved mineral salts  which are the cause of considerable 
sca l ing  and corrosion problems i n  geothermal power production equipment. 
For example, high pressure geothermal br ines  i n  southern Cal i fornia  may 
average up t o  350,000 ppm of t o t a l  dissolved s o l i d s  remaining i n  the 
br ine during f lash ing  t o  generate steam. In t h i s  process water content 
is reduced and the temperature lowered, causing p rec ip i t a t ion  of the 
s o l i d s  which are the p r i n c i p a l  causes of sca l ing  and plugging. These 
s o l i d s ,  produced i n  large quan t i t i e s ,  are f i l t e r e d  and disposed of i n  
hazardous waste d isposa l  sites ( r e f  1). For example, a t yp ica l  50 MW 
l iquiddominated hydrothermal power p lan t  produces about 70,000 lb/day 
( r e f  2) of sludge,' i n  which tox ic  metals a re  present i n  concentrations 
not su i t ab le  f o r  conventional recovery. tud ies  i n  t h i s  laboratory have 
explored the p o s s i b i l i t i e s  of develop biotechnology which u t i l i z e s  
microorganisms capable of leaching metals from ores  ( r e f s  3 and 4). 
These s tudies  have led t o  the i d e n t i f i c a t i o n  of su i t ab le  biochemical 
processes i n  which selected s t r a i n s  of microorganisms can be used i n  a 
' technical ly  and economically f eas ib l e  biotechnology ( r e f  5 ) .  Laboratory 
experiments have a l s o  shown tha t  the concentration and d i s t r i b u t i o n  of 
metals i n  geothermal res idua l  brine sludges (BR) varies .  This inf luences 
the react ion -time and the  manner of treatment. Further,  experimental 
r e s u l t s  have indicated t h a t  mixed cu l tures  of ac idophi l ic  organisms are 

ore e f f i c i e n t  in removal of metals and t h a t  the ac tua l  chemical composi- 
ion  f o r  a given BR batch predetermines the choice of s t r a i n s  and the 

type of bioreactors.  Some of these parameters w i l l  be discussed i n  the  
l i g h t  of most recent s tudies .  
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OUTLINE OF STUDY AND MATERIALS 

Details of the ana ly t i ca l  procedures have been reported elsewhere 
( r e f  5). In  t h i s  work the analyses were car r ied  out on f i l t e r e d  solu- 
t i ons  and the metal content analyzed by atomic absorpt ion spectrometry. 
Comparisons have been car r ied  out between d i f f e r e n t  batches of res idua l  
sludges,  d i f f e r e n t  metal contents ,  various q u a n t i t i e s  of sludges and 
residence times, as well as metal so lubi l iz ing  e f f i c i e n c i e s  of d i f f e r e n t  
s t r a i n s  of ac idophi l ic  microorganisms. 

RESULTS 

Typical e f f i c i ency  of metal so lub i l i za t ion  by s ing le  s t r a i n s  of 
Thiobac i l l i  VS. se lected mixed s t r a i n s  is shown i n  f i g  1. 

-Selected Strrlns o f  WtL l h l o b a c l l l l ' ~  

Fig. 1 Extent of manganese removal from res idua l  brine sludge 
(RBS) , BR-1 by d i f f e r e n t  s t r a i n s  (BNL-X) of Thiobaci l lus  
thiooxidans (T.T.) and Thiobaci l lus  ferrooxidans (T.F.) . 

Thus BNL-3-26, f o r  example, removes only about 30% of manganese, while 
BNL-2-45 s t r a i n  removes about 76%. Combination, however, of BNL-2-49 and 
BNL-3-24 removes >80% of the metal i n  the f i v e  day cycle. In  t h i s  work a 
cycle  means the residence time i n  which the biomass and the sludge are 
allowed t o  in t e rac t .  Similar r e s u l t s  f o r  removal of o ther  metals, e.g., 
copper, chromium, zinc and o the r s  have been obtained ( r e f  6). Combina- 
t i o n  of d i f f e r e n t  s t r a i n s  as w e l l  as the time of addi t ion  of the micro- 
b i a l  biomass and the concentrat ions of ind iv idua l  metals determine the  
du ra t ion  of the cycle and the process e f f i c i ency  ( r e f  7) . In  t h i s  paper 
t he  i n i t i a l  concentration of the metal has been mentioned severa l  times. 
The s igni f icance  of t h i s  is evident  i n  f i g s  2 and 3. The i n i t i a l  con- 
cen t r a t ion  of copper ( 9  ppm) and z inc  (78  ppm) is r e l a t i v e l y  low; 
however, i n  t h i s  type of sludge copper is removed more rapidly than 
zinc. The e f f e c t s  of concentrat ion upon the ex ten t  and the rates of 
metal removal are therefore  s ign i f icant .  

In  comparative s tud ie s  of d i f f e r e n t  types of b ioreac tors ,  such as f lu id -  
ized bed, ag i ta ted  bed and o thers  cur ren t ly  under way, another f a c t o r  i n  

i 
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Fig. 2 Rate of removal from a sample derived from the Salton Sea 
S c i e n t i f i c  Dr i l l i ng  Project  ( SSSDP) . 

Fig. 3 Rate of z inc removal from a sample derived from the Salton 
Sea S c i e n t i f i c  Dr i l l i ng  Project  (SSSDP) 

the process design may a l s o  have t o  be considered. Several s tud ie s  i n  
t h i s  laboratory have indicated t h a t  concentration of res idua l  br ine 
sludges i n  a bioreactor may a f f e c t  the extent  of metal removal per s ing le  
cycle. This is shown f o r  two d i f f e r e n t  res idua l  sludges,  BR-2 and BR-5 
and four d i f f e r e n t  metals, z inc,  manganese, chromium and copper in f i g s  
4 and 5.  
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Fig 4 Concrntrat 

Fig. 4 The concent ra t i  BR-2 sludge on the ex ten t  of 
me ta l  removal 

Fig. 5 The concentration e f f e c t  of BR-5 sludge on the ex ten t  of 
metal removal. 

Whether t h i s  observatfon is pecul iar  t o  the two residues studied o r  is  a 
general  phenomenon has as y e t  t o  be determined. 

The bioproceses and u l t imate ly  the biotechnology based on these pro- 
cesses produce an aqueous phase enriched i n  tox ic  metals. Since some of 
these metals have a l s o  commercial value, f o r  example, chromium and 
vanadium, a secondary inexpensive metal recovery process,  operat ing i n  
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ction with the d t i f l c a t i o n  procesr ma j u s t i f i e d .  The f 

current prac t ices  would, tt u g e r t  r e i n j e c t i o n  of such water. Indeed BO= 

wsterr produced Ln the  power generat ing procesees are belng re-injected 
( r e f  5). We are exploring the f e a r i b i l i t y  of using combinations of 
chemical and biochemical proceases leading t o  the recovery of rpetale. 
Our prc l ia inary  r e s u l t s  (ref 8) i nd ica t e  tha t  biornars from d i f f e r e n t  
microorganisms may @elec t ive ly  remove metals from d i l u t e  aqueous solu- 
t ions.  A technology based on co-precipi ta t ion of metals and bioaccumu- 
l a t i o n  auy prove t o  be cost-effect ive and su i t ab le  f o r  the recovery of 
metals from aqueous streams produced by the d e t o x i f i c a t i o n  process 
descr ibed i n  t h i s  paper. Recent results from the s tud ie s  i n  t h i s  area 
w t l l  be discussed elsewhere. However, experimental r e s u l t s  t o  d a t e  
a l low us the following conclueions: 

1 . Biotechnology for  d e t o x i f i c a t i o n  of geothermal r e s idua l  
s ludges and substances with similar geochemical proper t ies  is feas ib le .  

2. Optimization of microbial  combinations, minimizes the resi- 
de  nce time . 

3. I n i t i a l  chemical proper t ies  of the res idua l  sludge may inf lu-  
ence the k ine t i c s  of metal removal. 

4. Aqueous wastes generated by the n e w  biotechnology may be rein- 
j ec t ed  or fu r the r  t reated by a combination of chemical and biochemical 

1 processes , which would render recoverable products and environmentally 
s a t i s f a c t o r y  wastes. ~ 
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