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ABSTRACT

B. stearothermophillus war isoloted from among microbes recovered from a formation water from an oil field

in Indonesia, where the temperature was . L)

Laboratory experiment was conducted fo measure the growth, and fo study the effects of iis activity on the physioal

nl‘nﬂrrrriﬂﬁ::afm:m!.r rock and crde odl b an oll well

The bacteria activities were found fo increase the porosity of reservair rock and decrease the interfocial fenxion of
oil. An increase of 3,5% and 12,5% was abserved tn the porogity of silicate and carbonate rock, respectively, while the
interfocial tervion of crude oil war decreased by 29% within 28 day period. These properties are important for en-

hanced oil recovery (EOR),

L INTRODUCTION

From a number of works reponed on Microbial En-
hanced Oil Recovery (MEOR) it was evident that many
bacterial species have pofentinl for development and
subsequent application in improving the recovery of oil
from s reservoir formation (Cooper and Goldenberg,
1987, Zajic et al., 1982; Wang. 1982; Matsuyama et al.,
1992; Yakimov and Frednckson, 1992). This is of espe-
cial importance in the age of decreasing oil resenves and
increasing encrgy requiremend, particularly liquid fucls
for transportation.

MEOR fechniques depend largely on the selection
of a single or mixed culture of microorganism capable
of producing biochemical products such as gnses (00,
Hj, Ha5, CHy). or carboxylic acids (acetic, formic,
vileric, or propionic acids), solvenis (alcohols, alde-
bydes, or ketons), or surfaciants; each of which can be
used 1o add the flow and removal of oil from the porous
fonmation rocks.

More thin sevenly gener of microorganisms are
curmenily known to produce extracellular poly sachandes
from carbohydrate as the source of carbon for the bacte-
na Others such as Brevibaclerium viscognes s known
to produce them from other sources of carbons, such as
cnude oil or heavy parafin bquids (Wang, 1982

Rhodococous sp., a bactena isolated from Kuwait
soil and cultured in bvdmcarbon medis such o kero-
sene or parffin is found to produce biosurfactants, (Ru-
waida et al,, 1991}, Bocilfus subtilis ATCC 21332, a
mutant prepared by ultmviolet treatment, produces bio-
surfaciants af three tmes the activity of s parent strain
(Mulligan et al, 1989)

Ramana und Karanth {(1989) repomed thal Preudo-
monas aeniginosa CFTR-6 is capable of producing bio-
surfactanis with high emulsifying power in glucnse or
by drocarbon confaining media

The works of Mc Innemmey et al, (1985, |90} tndi=
cated that Sacillfus licheniformis strain JF-2 in anaero-
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bic envinonment can produce a strong biogurfactant, ca-
pable of reducing interfacial ension of medium to less
than 30 mN/m This bacteria can also produce other
types of biosurfactants al acrobic conditions

Grula et al. (1982) isolated Closiridia and in sub-
sequent screening found that cenain isolates are capable
of producing gases, acids, or solvents, which have po-
tentinls for application in enhancing oil recovery

All such works indicated that many micmonganisms
have the capability of prodocing biochemical products
which are useful for enhancing oil recovery, However, it
is pecessary 1o first isolate such microorganisms, then
select the most potential for further improvement of its
mctivities so that it can be emploved to incrense il pro-
duction and recovery by cost effective and environment
friendly biotechnology.

The present work is an attempt to formulate the mi-
crobinl struing from Indonesinn soil, Such work is seen
o have potential for success in view of the richness of
the country in biodiversity, and the importance of oil re-
sources in the country s development and econoomy,

Il MATERIAL AND METHODS

The microbe used in tus study, Bocillus stearother-
mopdhilius, is isolated from formation water of an Indo-
nesian oil field. This bactenn is a thermophilic asrobic
microbe, active al about §5°C.

B stearothermophillhiz s solaled and sctivaied in
dextrose casein pepton (DCP) medin of pH 6% + 0.2
Such media had been successfully used for thermophilic
microbe by Williams (1936) in his study of identifica-
tion and population counts of Bacillus specics

8 stearothermaphillus culture was incubated in this
study in an incubatsr ol & lemperature of about 55°C and
maintained in *ube condition for o cerain period of
time. Each * _atment was made in duplicate.

Ofu vation was first made on the growth of &
stearathermophilluy in 100 ml DCP media. Incubation
was carmied out for 12 hours. One milililer sample was

drawen every three howrs from 0 1o 12 hours for which a
population count was made.

The nexi siep was 1o observe the activities of B
stearothermophillus in increasing the porosities of core
smples. Two tvpes of cores were used, namely & car-
bonate and a silicaie iype. Each core sample was in-
itially sterilized and its porosity was measured.

B. stegrothermophillis was cultured in 200 ml of
DCP media and each core sample was immersed in the
culture, incubated for a penod of time. Population count
of the microorganism, pH measurement of the media,
and porosity measurement of the core were made at day
0, 14, and 28

Test was also made on the effect of B stearother-
maphillus activities in reducing oil-water interfacial ien-
ston, For this test, a 130 ml DCP culture was mixed with
150 ml of crude oil sample and allowed for a period of
time. At day 0, 7, 14, 21, and 28, samples were dmwn
and population count, pH reduction and interfacial fen-
$ion mecasuremen wers meade,

Population counts were camied oul as plaie couni (in
cells'ml), Helium porosimeter was used for porosity
measurement (as % void), and spinning drop tensiome-
ter was the instrument employed for interfacial tension
measurement (in mi/mj,

IIL. RESULTS AND DISCUSSION

Figure | shows the growth of B siearothermophil-
fur in DCP media at about 55°C during 12 hours. High
growth mite was observed afier 9 hours.

The effect of B stearothermophilfus on pH of the
medium where silicate and carbonate core sample is im-
mersed 18 shown respectively in Figure 2 and Figure 3,
As shown, B stearothermophilius cultures in silicate as
well a8 in carbonate cores produce bioacids, Alkirson el
al. {1975) speculaled that the carboxylic acids produced
include acetic, propionic and iscbutyric acids. Such
bioacids is water soluble and cuse reduction in the pH
of the medium
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Figure 1
The growth B. stearothermophilfus in DCP media at
about 55°C during 12 hours
Incubation
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Figure 2
The effect of B. siearotharmophillus on pH of during
78 days incubation the medium where silicate core
sampls is immarsed

Acetic acid produced as the results of B. stearother-
mophilfus metbolism effects the core by reacting with
its carbonale componenis. The following reaction oc-
curs.
2CH; COOH+Cal0y —— (CH;C00) Ca+ HyC00y

In acd enviromment the carbonic acid formed reacts
with CaC0; to produce calcium bicarbonate by the fol-
lowing reaction CaCO4q + Hy00y —— Ca (HCOg),

It can be undersiood that the bioacids present gradu-
ally dissolve the carbonae and this enlarges and in-
creases the porosity of the cores.

Both the silicate as well as the carbonate core sam-
ples expenicnced an increase in porosity when immersed
in 8. stearothermophilfur culture, as shawn in Figure 4.
Higher increase in porosity was observed in carbonate
core as compared to the silicate ones. A 28 day incuba-
tion resulled in 12 49% increase in porosity of carbonate
core while a 3.57% increase was observed in the silicate
one, Thi¢ is consistent with the carborate conlent of
each type of cores, where in that the silicate type is rela-
tively Limdied,

The observation on B. stearothermophillus activi-
ties in DCF media containng crude oil & demonstrated
in Figures § and 6 Figure § melates the population
growth the effect on the pH of the medium.

The growth of B stearothermophiilus affects the in-
terfacial tension of the crude oil and water phases (Fig-
ure 6). A sieady decrense is observed, from 3,170 mN/m
to 0,945 mN/m. or a decrease 1o 29.81% in 28 days
Such decrease in interfacial tension is attnbuted (o some
biosurfactant produced in 8, stearothermophilius meta-
bohsm

As found in this work, 8 stearothermophillus ac-
tivities have all the effects tal can be useful in enhanc-
ing oil recovery. These are increasing the porosaty of the
come as well as rechicing the ail-water interiacial lension.
As indicated by Bubela (1970), B stearothermophiiius
cultured at high pressure (lugher than 20,000 kFa) and
high femperature (lagher than 0°C) experenced a
change in form, namely rod-shaped to a sphenical form.
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Figure 3

The effect of B. stearothermophilius on pH of
the medium where carbonate core sample is
immersed during 28 days incubation
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Figure 4
fn Increase in porosity of silicate and
carbonate core when immered in
B. stearothermophilius culture
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Flgure 5
Relates the population growth of
B. stearothermophilfius the sffect on
the pH of the madium
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The growth of B, stearothermophilius and
the effect on the interfacial tension of
crude oil and water phase
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IV, CONCLUSION

Onir work demonstmibed that B stearothermophifis

ks ihe following uselful chamcienisiics

- Thermophilic remains active af high pressurc

- Bioacid producing, capable of increasing silicate
core porosity by 3 5% and carboroie one by 12.5%
dharing a 28 davs incubation o .'Ilin'{‘ and siatic can-
ditinomn

- Biosurfactant producing. capable of meducing oil-
waler interfacinl tension by 29% ai the incubation
condibion as above

Such chamcicnstics promuse application in micmobial

enhanced oil recovery (MEOR )
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