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Recent studies have 1n§§§aced that biotech~
nological processes for detoxbfication of geother-
mal residual brine sludges are feasible. Prelimi-
nary studies have also shown th{E such processes
are cortrolled by several facto hich include the
concentration of the residual sludgegin the bio-
reactor, the type of bioreactor and !he strain of
A brief discus-

M

Production of electricity by extractionﬂof
energy from underground geothermal reservoirs
highly promising and growing industry. Large 3E§ﬂe
production of electricity from geothermal sour
produces considerable wastes, which accumulate in
the form of residual brine sludges containing dif-
ferent concentrations of toxic metals which makes
it necessary to ship these residues to hazardous
waste digposal sites at a considerable cost.
Typically, a 50 MW liquid-dominated hydrothermal
power plant ia Southern California produces about
70,000 1b/day of gsolid residues containing in addi-
tion to silica and soluble salts, heavy metals,
whose concentrations at times exceed the state
regulation limits (Royce, 1985).

acidophilic microorganisms used.
sion of these factors follows.

INTRODUCTION

Work at the Brookhaven National Laboratory
(BNL) has shown that acidophilic microorganisms can
be used as the "active agents” in the:de¢toxtfica-
tion of geothermal brine residues (Lin Qp.al-,
1987; Premuzic et al., 1988). A prélisinaryldesign
for a process has been:suggested’ (?telnzle‘et al.,
1988). A techaical and feasibility. study of ‘this
process has been described elsewhere, . (Premuzic et
al., 1988) and will only be uwentioned” here
briefly. Thus a bioprocess- for a plant ptoducing
123,000 lb/day of a 65% wt. fflter process eake
was based on 5% sludge-to-ltquid gatio  and & 10 day
residence time. Such a process represents gbout a
one million dollar per year savings, or the equiva-
lent of the 1986 regulated waste disposal&coat.-
This estimate does not take into canalder&tion the :

long-term liability associated with hazard%us‘uaste}

disposal, Lncreases in the cost of shipping, -

dumping and the possibility of the dump-sitealbetng,

closed. Earlier studies have also indicated that
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the efficiency of the biloprocess depends on the
concentration of the sludge, the type of bioreactor
and the type of single and/or mixed cultures of
bacterial strains used. Some results of recent
studies will be discussed in this paper.

RESULTS AND DISCUSSION

Three types of bioreactor systems are being
considered as possible candidates to be included in
the design of a bilosystem for detoxification of
geothermal residual gsludges. These ianclude a
fluidized bed type, diagrammatically shown in Fig.
l., a column type batch bioractor, Fig. 2, and a
flat bed-type bioreactor, Fig. 3. 1In each case
flow rates and air supply to the system have to be
balanced in order to maintain a steady and active
microbial culture supplied with nutrients as needed
throughout the cycle. This is verified in all
cases by routine sampling and monitoring for viable
microblal growth and the metal concentration. The

ficiency of metal solubilization by several

rains of Thiobacillus thiooxidans and Thio-
bacillus ferrooxidans from the Brookhaven National
Lal tory (BNL) collection have been studied.
Diffgrent samples of residual brine sludge from
proprietary sources, kindly supplied by the geo-
thermal electrical power 1industry have been used in
detoxification processes. The different sludges
are site spe-..ic, with some containing more than
ten toxic me B (Premuzic et al., 1988). In the
work ptesent:T in this paper for sake of brevity,
only a few repre ative metals have been used as
process iandica caﬁ

In Table 1, the ect of eight strains of
Thiobacillus ferrooxi on a single residual

brine sludge is shown. 1In_this series of experi-
ments a batch bioreactor th a 2-62 loading with
stirring has been used. e most efficient metal

solubilizing (removing) mCTganisms for the
1

metal are identified in Tabldl 1 (square boxes).
Results of similar experiments using strains of
Thiobacillus thicoxidans and mixed cultures of T.
thiooxidans (T.T.) and T. ferrooxidans (T.F.) are
shown in Table 2. Tables 1 and 2 Indicate that
different strains solubilize metals, i.e., remove
them from sludges in varying degrees (see square
boxes) with a high efficiency for all the metals
tested being exhibited' by mixed cultures.
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Table 1. 2% Removal of chromium, copper, manganese
and zinc from residual brine sludge (BR-1) by the
action of different strains of Thiobacillus
ferrooxidans.

Strain % Metal removed

Cr Cu Mn Zn
BNL-2-45 30 55 77 90
BNL-2-49 26 58 77 90
BNL-2~44 @ 53 58 68
BNL-2~45 Zﬁf? 84 35 88
BNL-2-46 25 ° 88 40 85

—)
BNL-2-47 laa‘ = 57 89
BNL-2-48 22 : 33 85
|

BNL-2-49 32 l 41 85
Table 2. 7% Removal of chromium, copper, manganese

by Thiobacillus thiooxidans (T.T.) and |nixed cul-
tures of T. thiooxidans and T. ferrooxidans
(T.F.). -

and zinc form residual sludges BR-1, BT;3, and BR-

Strain 7% Metal removed A
T.T. Brine Cr Cu Mn
BNL-3-23 BR-1 2 ?(ﬂ 30 75 g
BNL-3-23 BR-3 6 65 34 77
| L
T.T. + T.F.
BNL-2-49 . o N
BR-1 l65’ 90 80 85
+ S
BR-5 20 90 78 60
BNL-3-24 ]
BNL-3-25
+ BR-3 H 82 85 Inl
BNL-2-46 . | |

Various concentration of residual brine sludge
in the biloreactor also influence the 4xtent of
metal solubilization as shown in Tables 3 and 4.

CONCLUSIONS

Based on the current results the following
conclusion may be drawn:
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Table 3. The influence of different concentration
of residual brine sludge (BR-2) on the extent of
metal solubilization.

Strain % BR-2 (w/v) X Metal removed
T.T. + T.F. Cr. Cu Mn 2Zn
1 56 40 62 69

BNL-3-26 2 51 42 61 65
+ 4 53 48 67 72
BNL-2-45 6 58 52 T4 67
8 64 50 75 *

10 56 46 66 *

*not determined.

Table 4. The influence of different concentration
of residual brine sludge (BR-5) on the extent of
metal solubilization,

Strain %Z BR-5 (w/v) % Metal removed
T.T. + T.F. Cr Cu Mn In
1 91 40 88 73
BNL-3-25 2 83 46 90 75
+ 4 80 57 86 79
BNL-2-46 8 75 51 76 72
12 79 55 71 47

Y .

Choice of microorganisms may well be pre-
determined by the composition of a particular
residual sludge. Thus a sludge which, for example,
is predominately rich in chromium may require a
concent ion of microorganisms most efficient for
chromi;ﬁuj not necessarily efficient for other
toxic 1s, which may be present In trace amounts
at councentr ns well below the threshold limits;

2. Thée tYeatment cycle may also be shortened
from say six to ee days if only few metals are
to be considered

cycling, supply of rients and afr wi{ll dictate a
particular basic design concept, i.e., batch or
continuous.

3. 1In terms og;gioreactor design, efficient

Preliminary results discussed above indicate
that mixed cultures of different strains of wmicro-
organisms, the relative concentration of the
residual brine sludges in a bloreactor and the
number of toxic metals present in concentrations
exceeding the treshold limits play critical roles



in scaled up processes and require further research
and development studies. The results of these
studies will generate information essential to the
design of efficient biotechnology for
detoxification of residual brine sludges.

ACKNOWLEDGMENTS

This work has been sponsored by the U.S.
Department of Energy, under Contract No. AM-35-10
and by Brookhaven National Laboratory and the U.S.
Department of Energy under Contract No. DE-ACO2-
76CHO0016. We wish to acknowledge L. Kukacka of
BNL for valuable digcussion and advice. We also
wish to acknowled {. Moseley, a BNL semester
student for technfral assistance.

=
@ERENCES

Lin, M.S., Premuzic, E.T.["3nd Kukacka, L.E., 1987,
Detoxification of redddual brine sludges
derived from geothermal i::er plants, In Pro-

t

ceedings: Heavy metals 1 he environment,
-§.E. Lindberg and T. C. chinson, editors,
CEP Consultants, Vol. 1, pp. '68-650.

104

Premuzic, E.T., Lin, M.S., and Kukacka, L.E., 1988,
Biological solution to waste managzement, BNL
4118, to be published in the Proceedings of
the 6th Annual Department of Energy Geothermal
Program Review, San Francisco.

Premuzic, E.T., Lin, M.S., Kukacka, L:E., and
Sproull, R.D., 1988, Applications of biotech-
nology in the removal of toxic metals fron
geothermal residual sludges, BNL 40950. Sub-
mitted to Geothermal Science and Technology.

Premuzic, E.T., Kwiatek, W.M., Lin, M., and Jones,
K., 1988, Regional variations in the metal
composition of residual brine sludges derived
from geothermal power plants, BNL 38699. Sub-
mitted to Geothermal Science and Technology.

Royce, B.A., 1985, An analysis of environmental

regulations governing the disposal of
geothermal wastes in California. Informal
Report, BNL 37577.



BROOKMAVEN NATIONAL LABORATORY (BNL) INVOLVEMENT IN THE
SALTON SEA SCIENTIFIC ORILLING PROJECY

Oag:%TIVEI

toxn s large gecthermal waste samplo from the 8SSDF sxte to conduct
d-up research studies, in which BNL uses biochemical techniques to
e toxic elements that exceed environmental regulations,

BACKGROUNDI&a

Disposal of tlate leachable 90lid waste in an envirensentally and
economically acceptable wsy msy de a major fwpediment to large-scsle geo-
thersal developaent .

Yor exasple, in th{]lﬂpctinl Valley of BSouthern Californis, there are
nine known geothermal resqurce areas (RGRA). Brines from the Salton Sea
KGRA in the Iaperiel vlllasgnly contein totsl dissolved solids up to 330,000
ppa. These hypersaline brines lead to the generstion of geothersmal oolsd
vastes in power plants. All the eolid waste produced sust de snalysed
for regulated metals using ¢ 14forais Department of Health Services
(DOHS) anslytical techniques, offif) {f found haszardous, the solid vaste sust
be disposed of off-site in sn approved waste management facility.

Currently, the disposal of :ufﬁz vastes can cost over $! million per
year for a 50-MW geothermal power plant opersting in the Sslton Ses KGRA,
High dispossl costs and the long-terms 1iability sssociated with hagerdous~
vaste disposal provide the incentive for &:is astudy.,

It {s known that microorgsnisus can {fteract with metals specifically
by several me chant.gy such as surface adeorp s oxidisation, reduction,
and .olubill:‘ti&ﬂ~ltd/0r precipitation. machanisns serve as a basis
for the d-vclo,’ -.of biotechnology which nll::z‘:oc of dbiochemical pro-
cesses for. removél and concentration of toxie resant in the waste or

-akc- pocciblc solubilization of the vaste.

wastes are present whigh contain low, dut neverthelesy environmentally sig-
nificant, concentrations of toxic metals, disposal of which is regulated.
Another sdvantage of the biochemical processes considered {a this ptogram is
due to the type of aieroorganisa used. These microorganisms sre scidophilic
and therwophilic capable of living under very harsh conditions such as o
extrese acidic pH, high salt concentrations, and slevated temperatures. i
Such conditfions are unsuitable to wost other smicroorganisms which require

mild conditions for their growth. This mesns that the new biotechnology
developed at BNL does not require sterile conditiens.

8nch<biot0chnolo¢y is particularly useful vhen Li;go quantities of
[

Y I A At o

(Vi @



g L o

STRATEGY:

EXPERIMENTAL APPROACH:

RESEARCH RESULTS:

© The BNL experimental strategy is based on the use of biochemical methods

(1,0, gBlected microorganisms) for dissolution of toxic elements found in
gecthermal residues. Thus, the produced solution, which contains tc 11c
metals cal)be reinjected or the metals can be concentrated and rece.e . .
The efficiency of the metal solubilization (i.e., removal from the wasie)
is determina®=by experimental conditions which enable removal of toxic
metal (to atTIeast below the regulatory level) in the shortest possible
time, To optimjize the process, compatible mjicroorganisms must be
identified, p1:E=othor varisbles, such as biomass to residusl sludge
retic, different residence times, mixed cultures, smbient and elevated
temperatures, sust e considered,

M

0 Using siudge samples obtlinoa from the 8SEDP gite, BNL will conduct

scaled~up blochemical act!mﬁrios. some of which are covered below:

- Kinetic studies will be condgcted using mixed cultures of different
straing of acidophilic and raophilic microorganisms. The atudies
wil]l be performed in tha five ten gallon range. Earlier BNL studies
have been performed at the 2 o 500 milliliter range. During the
kinetic studies, sampling will be carried out over extended periods of
time. Timing will vary from h°U$§z:° days, with 10 days being the
common residence time., Aguecus ard s0lid phase sample analyses will be
carried out, using variocus analytical tools, such as atomic sdsorption
to determine the relative solubilization (i.e, removal) of toxic metals
from solid brine, as seen in the culturDodu after microbiological
treatment,

- The solids will D& wxamined after trntmn& determine the efficiency
data. In this process, the solid material is sybjected to chemicel
treataent, such au #cid solubilization or bon&ﬂuion and then
analyzed By atomic adsorption. Sampling is carried out at t = 0 and
t = 10 days to eveluate the saximum concentratioddf solids vs. the
viability of cycled biomass and nutrients. 8Binc@ the residusl sludges
from geothermsal plants are site specific, samsples taining metal
concentrations exceeding the environmentslly allowalile threshold limits
are analyzed.

- Three types of bioreactors will be considered during the upscaled
experisants: column, flat bed, and fluidized bed reactors for the
purpose of evaluating the process design efficiencies of each,
Initially, the flat bed and fluidized bed reactors will be evaluated,

6 Preliminary ressarch results using ﬁ;{ DP wludges will be presented

o~ —— vr
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later this year, :
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Recent studies have {cated that biotech-
aological procesees for oxification of geother~-
sal residusl drine sludg re feasible. Prelimi-
nary studies have also shown that such processes
are coantrolled by seversl fagtors which include the
concentration of the residus udge in the bio-
resctor, the type of bioreactor and the strain of
acidophilic microorganisas used. drief discue~
sion of these factore follows.

INTRODUCTION M

Production of electricity by extractiom of
energy from underground geothermal no.rvﬁ:l is s
highly promising and growing industry. e ecale
production of electricity from geothersal sources
produces considerable wastes, which u:e\-ull‘Nn
the form of residusl brioe sludges coataiai -
ferent concentratioas of toxic metals which makes
it necessary to ship these residuas to haszardous
waste disposal sites at a considerable cost.
Typically, a 50 ¥ liquid-dosinsted hydrothermal
power plant {n Southern Califoruis produces about
70,000 1b/day of solid residues contsining in addi-
tiom to silica end soluble salts, heavy smestals,
whoss concentratiocas st times exceed the state
regulation limits (Royce, 1985).

Work at the rookhavesm Natiomal labecatery
(R.) has showm thet acidophilic aticreorganisms csa
be used se the “sctive agents” i the detexifice-
tion of geothermal brine residuwes (Lis et al.,
1987; Premuzic et al., 1988). A prelimimary design
for a process has been swggested (Premmsic et sl.,
1988). A technical asd fessibilic)y study of this
process has been described elsevhere, (Premuzic et
al., 1988) and will euly be msationsd here
briefly. Thus s blieprecess for & plant producing
123,000 1b/day of a 65% wt. filter precess cake
was based on 5% sluige-to-liquid racie amd & 10 day
residence time. Such & process represaats shout s
one million dollar per year ssvings, or the equive-
lent of the 1906 regulated waste dispossl cost.
Thie estimate doss set take iato comsideration the
long—tern liability seseclated with hagssgdous waste
disposal, incresees {n the cost of shippfng,
dumping and the poesibility of the dump~eites daing
closed. EZarlier stuiies have sleo indicated that

the efficiency of the bioprocess depends on the
concentration of the sludge, the Cype of bloreactor
and the type of single and/or sixed cultures of
bacterial strains used. Sowe results of recent
studies will be discuesed 1ia this paper.

RESULTS AND DISCUSSION

Three types of dloreactor systems are deing
considered as poesidle candidates to be fncluded in
the design of s bilosystem for detoxification of
geocthernal residual sladges. These include o
fluidized bed type, diagrammatically shown 1o Fig.
1., a columm typs batch bdioractor, Fig. 2, and »
flst bed-type dloresctor, Fig. 3. 1o sach case
flow rates sod sir eupply to the systam have to de
bslanced in order to asiontsin s stesdy snd aective
aicrobial culture sepplied with nutrients as needed
throughout the cycle. This is verified in al}
cases by routine sampling amd monitoring for viable
aficrobisl growth asd the metal couceantration. The
efficiency of metal eclubilization by several
strains of Thiobacillus thiocoxidans and Thio—
bacillus ferrooxidame from the Srookhaven National
abotatory (BNL) collection have been studied.

ffereut samples of residual drine sludge from

proprietsry sources, kindly eupplied by the geo-
t%l electrical power industry have deen used in
detpxification processes. Tha different sludges
are site specific, with soms coutaining more than
ten toxic wstals (Premusic et al., 1988). In the
work presemted im this paper for sake of drevity,
ocaly s fow represeatative metals have bess used as
peocese {ad ..

In Table 1, the effect of efight strains of
Taicbacillus f ans oo s single residwal
brine slwige is « Ia this series of experi-
souts a batch biloreactor with & 2-6X loading with
stirring has deen ue The soet efficient metsl
selubilisting (removt croorganisms for the
wstal are ideatified {n Table 1 (square doxes).
Mssults of similar exper ts waing straims of
Thichbacillus thicoxidams wized cultures of I.
thiooxidans F.1.) and _T. ferrooxidans (T.P.) are
shown {a Teble 2. Tables fadicate that
differeut strains solwbilisze /petals, t.e., remsove
them from slueiges ia veryisg degrees (see squars
boxes) with a high efficieacy for all the metals
tssted betlag exhibited by aixed cultures.



Tadle |, 1 Removal of chromium, copper, msngsnese
and zinc from tesiduwal drine sludge (BR-1) by the
sction of different strains of Thiodacillus
ferrooxidans.

Table 3. The influemce of differemt comcentration
of residual drine sludge (3K-1) om the extent of
setal solubiliastion,

Strain 1 -2 (w/v) X Retal reamoved
Straia % Metal removed T.T. + 1.7, Ct Ca ma In
Ce Cu ) a
1 56 40 62 69
ML-2-43 30 bR 77 30 8NL-3-286 2 51 &2 61 69
=
BNL-2-49 =2 58 77 90 + IS 33 48 67 M2
BNL-2-44 =N 53 58 68 BNL-2-45 ¢ 58 352 Th 67
—
=< —
BNL-2-45 ¢ - ° 84 35 88 ] 64 50 78 .
]
BNL-2-46 23 1] 40 85 10 56 LY 66 *
_
BNL-2-47 n 3l 37 89 *not detersined.
BNL-2-48 22 13 = 33 85
Tadle 4. The jnfluence of different concentration
BNL-2-49 12 91 I 4l 85 of residual drise slrdge (BR-3) on the extemnt of
setal solubilization,
M Strais X -3 (w/v) 1 Netal removed
Tadle Z. X Removal of chrowium, copper, ganese T.T. + T.r. ¢t Cu M X
and 2inc forwm residusl eludges R-1, M-I}, mdéd M-
by Thiobacillus thiooxfidans (T.T.) end miXed cul- 1 91 40 a8 73
tures of T. thicoxidsns aand T. ferrooxidans
(T.r.), W§ﬂ 3ML-3-2% 2 83 &6 90 73
+ 4 80 37 86 79
Strain % Matal removed ‘A§
T.T. Brine Cr Cu [ Y BNL-2-46 8 73 51 76 72
— R 12 79 35S 71 A7
BNL-3-23 BR-1 2 50 30 7
BNL-3-23 BR-3 6 63 34 77 1. Choice of aicroorgsnisms may well be pre-
detéruined by the composition of a perticulasr
T.T. + 1.F. residual sludge. Thus & sludge vhich, for example,
is predominately rich ia chromium way require a
BNL-2-49 — — coucentration of microorganisms most efficieat foc
BR-1 E 90 80 E chromium ¢ oecessarily efficlest for other
+ toxic metsal ch may be presest {n trace smounts
BR-5 20 0 78 60 st cooceutra¥lous well delow the threshold limits;
BNL-3-24
) 2. The ¢r t cycle may also be shortened
BNL-3-25 from say six to days 1f only few metals sre
+ m-3 E 2 (1} E to be comsidered;
BNL-2-46 L-— L—-

Various concestrstiou of residual brine sludge
i{n the bioresctor alee influeancs the extent of
wetal solubilisation as shown in Tables 3 anmd 4.

CONCLUS10NS

Based on the curremt results the following
conclusion wmay bde drawea:

3. In terms of A.ﬂc:or design, efficient
cycliog, supply of autri snd afir will dictste a
particular basic desiga F.”’ 1.e., batch or
contiauous.

Preliaisary results dt sed above iadicate
that sixed cultures of diffethnt straias of micro-
orgsuioms, the relative coucentratios of the
cesidesl brime sludges 1a a bloreactor and the
nusber of toxic metals present {s coucentrations
exceeding the treehold limits plz~ critical roles



