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ABSTRACT

€l recovery can be increased through the
activitiex of microbex in a process known g Mi-
crobial Enhanced (4l Recovery (MEOR). MEOR
technology has been implemented in o number
of oil producing companies and has proven o
have a good prospect, environmentally friemdly
and low cost.

The microbes which proliferate in Indonesian
ol fields should be subjected to laboratory iden-
tification. Samples of formation water, oil, and
soil were taken from various oil fields, These oil
fields were selected on account of their reser-
voir femperatures which promise optimum growth
of microbes. In order that MEQR can be ap-
plied in these ot fields, the existing microbes in
their oil wells were ivolated and identified.

Based on the reaults of ixolerion and identi
fication activitiey several indigenous bacteria
ipecies were oblained frovm the ofl well environ-
meni.  The potential of each bacteria species for
use in MEOR process depends on thiir ability o
live and griow in the reservoir environment ax
well av the bioproducts produced, such as
biogurfactant, bioacid, and biosolvent, The
bloproducts produced depend on the inherent
capability of the isolate ay well ay the support of
the medium and environmensal condition,

From the tests of their capability to grow in
ydrocarbons, and live tn vemianacrobic condi-
tiom, I2 tsolates, were selected and xome (xolates
were found to produce yuch bioproducts. The

~ selected microbes and nutrient have been experi-

- mented by using microbial core flooding appa-
ratus. The result hay a good prospect for imple-
mentarion in the oil field

L INTRODUCTION

Research groups in many countries have conducted
studies of enhancing ofl recovery by means of various
medio such as gas, steam, water, chemicals and
hoproducts, The approach in general, is o effect im-
provement 10 the physical-chemical chaructenstics of
reservorr flud and mcks.

The technology which is curmently being developed
for improvement of reservoir fluid and rocks 15 the Mi-
crobidal Enhanced Chl Recovery (MEOR ) techmgues i
which microbes are activated. either in-situ or ¢X-situ, 1o
produce hioproducts or microbial mass which may ef-
fect enhanced ol recovery from the reservoir.

The research object was o find & nomber of domi-
nant microbes in the oil well and to determine their char-
acteristics for future study and sudying the conditions
of the subsirnie from whach the microbes were solated.

It is comied out in the lnbortory and includes the
following sctivities; a) isolating and identifying the mi-
crohes from various oil wells, b} studying and testing the
i {nurnems ) which are suitable for the selecied mi-
crochis. The object ol this activity test was o find sev-
eral potential microbes and their suitable media for use
in microbiil core Mooding test

In preparation of the microbial core floodimg 1es, the
potential microbes were tested with respect to their
growih, bioproducts, and their selected media, The
hioproducts were Lested for their capability in reducing
inlerfacial tension, scidity, and viscosity, The results of
the study indicated that the MEOR technology which is
nuw heing developed hus a good prospect for implemen-
Lathisn,

The application of MEOR techmalogy s promising
prospects since 11 s supporied By a) simphe lechnology
and equipments which are easy to operate, b) the pro-
cess can be easily monitored, ¢) it s environmentally
friendly and does not cause pollution, d) it is low cost
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wiiter were not very high, being 3- 1%,

Mearly all reservoirs in Prabumuilibh ol field, such as
Tanjung Miring Timur, Limau Barat, and Belimbing con-
sasted of sandstone and had paraffinic oil. They were
quite deep Le. 1, 200-1,656 MBIDF so that they had quite
high remperature (86-112°C) and pressure (322125
atm ), Their formation water had quite high salinity, being
17-20%

After applyving the oil field cntena as described above,
the oil wells were selected bused an the following reser
VOIT parameiers:

Remaining O Saturation. Large quantity of re-
maining il will assist the microbes to enter and disirib-
ute in the pores of the reservoir rock. The process will
pssist oil recovery, The lowest level of remaining oil
that can be recovered by MEOR application is 25%.

Dristance Between Wells, The flow imto the wellbore
4 radml m noture; bevond the outer limit no oid can
enter the radial system. The quantity of gas produced
by the microbes assists in maintining the pressure in
the system. Too close distance between wells will cause
interference and wifect production. The distance be-
tween wells should not be more thin 40 acres

Well Base Temperature. For MEOR application,
the well lemperature should such that allow the microbes
o prow and proliferate, and guickly produce metabi-
Intes. Certain thermophilic microbes can grow well i a
temperature of 55-85°C. The expenments were Timited
o temperatune -of 570, so that the wells selected Tor
field rest should be those which have a lemperature of
AMC. ITMECR impection is planned 1o wells with higher
temperature, then lnbomtory tests should be firsr con-
ducied W that lempenture

Depth of Reservair. The deeper a reservoir, the
high:-r ity femperature,  Very high pressume would not
only modify the morphology of the microbes, bor also
influence their metubolism mechanism, which may re-
sult in inhibiting or stopping their growth,  Therefore
the depth of the reservoir shoold be Fmited o BO00 i or
2438 m

Salinity of Formation Water. Besides inhibiting

milcrobial growth, too high salinity would exerts pressure
on the electnically charged double layer between the
surface of the rock and the bacterin, and this imcreases
their adhesion, and thus hampers the transportation of
the bacterii in the oil reservoir. The compaosition and
concentration of the salls are important in determmning
the type of microbes which are compatible with the con-
diton. Generally the NAC] concentration that can be
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toderated 15 no more than 0P

Trace Mineraly. Trace minerals such as As, Hg,
Ni and Se concentrutions should not be more than 10-15
ppm. Higher trace mineral contents would imit micro-
hial growth,

Permeabilicy. Microbe cells should Mow through the
reservalr layers which still contain oil and produce me-
tabolites there. The contact between the metaboliles
and ol would eventually result in more il flowing in the
reservanr pores owards the wellbore, Low permeabil-
ity would lemit microbial penetration. Good obl flew and
microbinl penctration would ocowr, if laver permieability
15 ooy Jess then 50 mad.

(Xl Grravity. Crude oils with higher gravity than | 5"
APl have hydrocarbon chains that can be used by the
microbes s their carbon source, Al this situstion the
microbes will become active and produce bioproducts
that will be useful for enhancing oil recovery.

Isolation and ldentilication of Bacteria. To ob-
tain isolates of hacteria from an odl field, samples must
be taken from ol lield environment. Samples that repre-
sent o] Field enyinammesnt cun be those of formustion water,
crode ail, or soil collected near the wellbend. From the
isoliste token from such sample, o pure culture can be
prepared and bacteria presence can be determined
Each ure isolale was then identified 1o determme the
tvpe o hogteria,

Fsolation of Bacteria. Prior to isolition the samples
were prepared for the purpose.  Crode oil and sodl
samples were lirst extracted with water  Formation
waler samples, on the other hamd, being alrendv o sos-
pension of microbes necded no prior extraction, sols-
Bom of microbes was then conducted Trom the =uspen
siioh.  Inoculation wos made and easch one was incu-
bhated at lempernture of UPC and 55°C for o period of
248 hiwrs, until calomes were observed

Identification and Determination. A number of
hocterial isolates had been obtained from the activity
Tos differentisie the solaies from one another, ideanli-
cation and determination procedures were applied 1o cach
isolatie. The genusfspecies of each bacterial isolaie was
determined. This was done by observing the morghiol-
ogy and testing the activity of the bactena by various
ireatment. Isolae identficotion and determination were
bised on the macroscopic and microscopic ohservation
as well as binchemical testing Of the isolate

The identification and determination activities allowed
the worker v differentiate one wolate from another. Each
isolite was then given identification coded number as
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shown i Tables | through 6. The solies were of (he
genera Staphviococeus, Bacillus, Corvnebacterium,
Flavobacreriom, Enterobacier, Alcaligenes, Acting-
hacillny, Nelwveria, Psevndomonas, Hafnlae, Cliromo-
bacterinm, Micrococeis, and Streplococous.

IVTEST ON ISOLATES AND SELECTION OF

POTENTIAL MEMUM FOR MEOR

Based on the resulis of 1solation and identification
sotivities several mdigenous bacterna species were ob-
tamed from the o1l well environment. The bactertn were
expecied (o have the ability o ransform substances of
il field environment. but it was not known whether all
had the potentinl (or application in MEOR. To test the
cupability of esch bacterin m this respect. o senes of
fests were conducted on each isolate,

Tabile 1
Cepu oil field microbes isolaied ai 30°C
Mo, | Isolale Code | Genus/Species Code
g GAN-1 Bacteria KKL-1 |
2 GAL-1 Bactaria KKL-2
3. GAK:1 Bacteria KKL-3
4, GAK-2 Bacteria KKL-4
5 GMK-1 Bacterla KKL-5
6. GMMN-1 Bacteria KKL-B
7 GMN-2 Bacteria KKL-7 |
B. GMN-3 Bacteria KKL-8 |

Table 2
Cirebon oil field microbes (solated at 30°C
Ho. | Isolate Code | Genus/Species Code

1 Gad-1 | Bacleria KKL-8

2. GAC-1 Baciera KKL-10

d GALC-2 Bactaria KKL-11

4 GALC-3 Baciena KKL-12

5. GAT-1 Baciena KKL-13

6. GMJ- Baciaria KKL-14

T GMT- Bacieria KKL-15

B. GMC-1 Baciena KKL-16

g ETd1 Baclaria KEL-17

The potentinl of each bacterin species for use m
MEOR process depends on thesr ability 1o hve and prow
inthe reservorr enyvironment a5 well as by the moproducts
they produced. The bioproducts produced depend on
the inherent capability of the isolate as well as the sup-
port of the mediom and environmental condition, [t was

Table 3
Rantau ol field microbes isolated at 30°C
MHo. | Isolate Code  Genus/Species Code
1 GAR-1 Bactena KKL-18
2 GAR-2 Bactora KKL-18
3 | GAR-3 Bacteria KKL-20
4 GAP-1 Bacteria KKL-21
B GAS-1 Bacteria KEKL-22
g GAS-2 Bacteria KKL-23
iy GAS-3 Bacteria KKL-24
H. GAS-4 Bacteria KKL-25
a. GMA-1 Bactena KEL-26
A0 GMS-1 Bacteria KKL-27
11 GMS-2 Bacteria KKL-28
12 ‘ GMP-1 Bacteria KEL-2%
19, GTP-1 Bactera KKL-30
Table 4
Prabumulih oil fisld microbes isolated at 30°C
Hao. | Isolate Code | Genus/Specles Code
. GATM3 | Bacirn KKL-31
- GATR-d Baciarin KKL-32
3 GATM-1 Bactadis KKL-33
q G Tid-2 Bactana KEL-34
5 GIR TR Bactorin KKL-38
i GMLE-3 Hactaria KKL-38
7 GATM-B Bacharis KKL-37
B GMTR-5 Baotoria KEL-38
B GATM-1Z | Pacharia KKL-35
10 GRTRE A mtterid KEL-40
it | GALB-1 Baciana KEL-41
12 GATM-2 Bectaria KKL-42
13 GATM-5 Bachana KEL-43
14 GMTR4 Baoharin KKL-£4
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hdm: necessary 1o condoct tests on the isolate o
mmﬂmmlilrmhmm and in a variety of mi-
ﬁﬂﬂ muy support its bioproduction.

 Isolute Testing. The isolates tested were bacterin
sculture growm in a common liquid medium. Each cultune
was then subjected 1o activity test al several reservoir
conditions. This would give information concerning the
ahility of the isolate 1o live and grow in oil environment.
Therelore the tests were direcied (o observe the capa-
hility of each culture: a) to grow in hydrocarbon me-
diem, b) 10 mowe, c) 1o live in semu-anserohiciacrabic
condition, and d) (o produce the required hloproducts,

Tests in Hydrocarbon Medinm. The results of the

identifications and determination activities over fifty bag-

Table 5

Jambi oil fieid microbes isolated at 30°C
No. | isolale Code | Genus/Species Code
i GAKT-1 Baciera KEKL-45
a GMKT-1 Bactana RKL-48
3 GMKT-3 Bacteria KKL-4T
i GMET-4 Bactena KKL-48
5 GAKA-1 Bactena KKL-48
fi GMEA-1 Baciaria KKL-50
T GASL-1 Bactena KKL-51
B GMEL- Bacleria KKL-52
a GAST-1 Bactoria KKL-53
10 GMST-1 |  Bacleria KKL-54

teria isodates were obtained. Each isolate was subjecied
I pctivity test 1o know its capability to live in ol environ-
ment. Those that could live and grow in such environ-
ment would be those that could use hydrocarbon as their
puirient. Therefore tests were conducted on the shality
of enich isolate to Hve inoa medinm which contained hy-
drocarbon for the carbon source

Each isolate was then prown in two kinds of me-
dhium, ome which had non-hydrocarbon and another which
had hydrocarbon as the carbon souroe. It was then in-
cubated for a certain period in a shaking inculbation ut a
certain lemperature, Culture isolated at 30rC were lested
at 30MC and those isolated ot 55°C wene tested an 5570

The test purameter used was the growth rate of cach
isolate, thit is by companng the growth rate innon hy-
drocarbon and hydrocarbon medium. I the growth rate
is higher in hydrocarbon medium than the non-hydrocar-
ko, then it means that the isolate lives better in hydro-
curbon medium,

A growth rate of each solate was based on the popu-
lation count at the beginning of and the end of incubation
period. The formula nsed was as follows:

2 3lop(X, - |'i

=L

I

whene

growih raie coelficient
popusbation cound il tme |
population count af time ()
incubation fime

0w

[
X
X

The result of & 24 hour test pointed o o number of
islites that can live in hydrocarbon medium. The re-
sults of the test at MMC were presented in Tahle

7. while those of 53570 test ol Table 8. Ther:

Table & were 28 isolates thit lived well at 30°C amd 3
Microbes from five oil fislds in Indonesia, ot 55°C,
isolated at 55°C )
—— — Maotility Text. Some bacteria huve cells
Mo, hntltl Code | Genus/Species Code | il Field thar are equipped with un organ called flageila,
which enable the bacierial cells 10 move on
I  GANTT-1 Baciern-1KL-58 their own, Only curve form cells huve such
¥ GARIT-1 Bactena KKL-19 Finkal organ, as do some rod shape ones.  Coccus
3. | GASfA4 Bacleria KKL-56 Rantau type bacteria rarely have such organ. Those
i, GANT-1 Bactaria KKL-58 Clrabon that have flagells may have it in single form or
5. GANT-2 Bacteria KKL-8 Cirabon in a bundle. The organ may be found at one or
8. GACIT-1 Bacteria KKL-55 Cirabon baoth ends of the cell or may cover the while
7. | . GATT1 Bacteria KKL-19 Girabon surface.

The movement of a bacterial cell is influ-
enced by the environmental condition, cells that
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Tabla 7

Bacteria isolated at 30°C that can live in
hydrocarbon
| No. | Isclate code | Genus code/species
T4 | @A Bactera KKL-2
2 | GAN-1 Bactarla KKL-1
3 | GAK-2 Bacteria KKL-4
] GAd-1 Baciera KKL-9
K. GEAT-1 Baciera KEL-13
B8 GTJ-1 Bacteria KKL-17
7. | GMN-1 Bacteria KKL-6
B. | GAS-2 Bacteria KKL-23
9. | GAR-1 Bacteria KKL-18
10, | GAR-2 Bactena KKL-19
11, | GMN-2 Bactaria KKL-T
12. | GAS-1 Bactera KKL-22
13, | GMG-1 Bacteria KKL-16
14, | GMP-1 Bacteris KKL-28
15, | GMS-1 | Bacteria KKL-27
16. | GATM-1 Bacteria KML-33
17. | GATM-2 Bactoria KKL-34
18, | GATM-6 Bacteria KKL-37
18, | GMTM-1 Bacteria KKL-40
| 20. | GMTM-3 Baciera KKL-35
21, | GMTM-4 Bracteria KKL-24
| 22, | GAKT-1 Bacteria KKL-45
23, | GAKA-1 Bacteria KKL-49
24, | GMSL-1 Bacteria KKL-52
25 | GAST-1 Bacteris KKL-53
26. | GAC-2 | Bacteria KKL-11
27, | GATM-12 | Bacloria KKL-38
28, | GMKT-4 | Bactaria KKL-48

Tabbe &

Bacteria lsolated ot 55°C that can live in

hydrocarbon

No. | lsolate code | Genus/Specles code

1 GATIT-
| 2 GACT-1
a GAST-1

Bactana KEL-18
Bactana KKL-55
Bactara KKL-58

Tabie 9
Bacteria isolated at 30°C that have fagella
No. | lsolate code | Genus/Species code
1 GAJ1 | Bacteria KKL-S
2 GAK-1 | Bacteria KKL:3
3 GMK-1 | Bacteria KKL-5
4 GATM-12 | Bacteria KKL-39
5 GT-1 Bacteria KKL-17
B GMN-1 | Bacteria KKL-6
T GAHR-3 Bactena KKL-20
8 GAP-1 | Bactaria KKL-21
g GAS-2 | Bacteria KKL-23
10 GAC-3 Bacterna KKL-12
1. GAR.1 | Bactaria KKL-18
12 GAR-2 | Bacteria KKL-19
19 | GMN-2 | Bactera KKL-7
14, GAS-3 | Bacteria KKL-24
15 GEAC-2 Baciana KKL-11
16, GMN-3 | Baclana KKL-8
7. | GAS4 | Basteria KKL-25
18 GMS-1 | Bactaria KKL-27
18 GAT-1 Bacteria KKL-13
| 20, GM-1 Bactera KKL-14
21, GATM-4 | Bacteria KKL-32
22 GATM-6 | Baciora KKL-37
23 GATM-2 | Bacteria KKL-42
24 GMKT-1 | Baoteria KKL-48
35 GMKT-4 | Bacteria KKL:48
26, GMSL-1 | Bacteria KKL-52

have no Hagella move only by the movemnent of the sub-
strote. The presence of the Mlagells enables the bacte-
i cell to mitgrate from one pliace fo anorther, although
the displavement wis guile slow, Some of the bacteria
solated ot 3C and $55C that have flagelia nre listed in
Fable 9 and 10, Some. 26 =solines of 30°C hod such (la-

gella, os well as 4 solates of 55°C

Test at Semii-anaerobic/Anuerohic Condifions,
Hused on their needs for oxygen, bacteria are classified
fmin twis classes, The first is the sofobic or acrobic ob-
lipate bucteria, which needs oxygen (o support their ife.
The second is anaerobic or anacrobic obligate bacteri
which cannot sustain their life on oxygen congenirnion
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of more than 0.4%, Besides those two, there are bacte-
ria that can live in both conditions: these are (scultative
perobic or semi-anagrobic bactena. Anaerohic or semi-
anacrobic microorganisms are expected (o live betier in
reservoir condition

To determine whether a microorganisms 15 o
semiangserobic/anacrobic type, an activity test wis con-
ducted at treat condition. Esch isolate was grown in
semisolid medium and incubated for 48 hours ot 55°C
From its growth performance it can be determined
whether or nol an isulate is a semi-anaersbic/anacrobic
one. Those that grow well in such medium are sem-
anserobic/anaerobic microbes.

Based on the result of this test as well as the ability

~ Table10
Bacterin isolated at 55°C that have fagella
Mo. | Isolate codo Species code
.| Gacmd Bacieia KKL-55
2 QARIT- Hactena KKL-18
| a GAST-1 Bactetia KKL-56
L GAT-Z Hacieda KHL-D

BEEFAE @EECTTEIERDECTES

tor live in hydrocarbon medium, and 12 isolates, some of
which have flagelli, were selected for further test. These
are listed in Table 11.

Tests on the Abilities to Produce the Regquired
Rioproducts. The potential of a microorganisms 1o be
aseful for MEOR is reflected by the bioproducts it pro-
duces during its activities. Those that can produce such
bioproducts as swrfactant, acid, solvent, polymer, gas
could be subjected to further test to determine their po-
tential for use in MEOR. I they produce the bioproducts
which are compatible with the specific reservoir condi-
tion, and in sufficiently lurge quantity, they could be used
1 enhance oil récovery.

Tiests on the ability 1o produce bioproducts wene based
on severn] parameters.  These were; a) Measurement
of interficial tension between ofl and the medium { for-
mation water), This would indicate the ability o pro-
duce biosurfactant by the microorganisms in the ligquid
medium. A processor tensiometer and a spinning drop
tensiometer were used in this est. b) Measurement of
pH of the mediun (formution water). This would show
whether or nol the microbes produce bioacids, The
mensurement was made with pH meter, ¢ Measure-
menl of viscosity of the crude oil. This would indicate
the production of biosolvent that would reduce the vis-
cosity of the crude oil. The measurement was miale
with viscosimeter,

Bacteria Isalated from hmiﬂl flald thal have fagelia
No. | lsolate code Genus/Species code il fieid l Sample
1 ; GAC-2 Baoteria KKL-11 Cirabon Formation walm_'
2. | GANIT-Y Bactaria KKL-55 Cepu Cruda oll
3 | GAR-1 | Bacleria KKL-18 Fanimu Formation walar
& | GAS-3 | Bactaria KKL-24 Aantnu Formaltion watar
5 GAR-2 | Baoieria KKL-19 Haniau | Formatkon wealar
[ GAST-1 Baciaria KKL-56 Cimbon Farmathon watar
T GAT-1 Bacteria KKL-13 Cireban Formation water
B GATM-12 Baroieria KKL-39 Prabumulih Farmation water
a, GME-1 Bactera KKL-5 Cepu Cirude oil
10 | GAST-1 Bacterna KKL-54 | Jambi F::Irma-hn-n watar
11 GMEKT -4 Baclana KEL-3H Jamibid Crude oil
12, | GMTM-1 Bactatia KKL-40 Prabumulih Crude oil
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Figure
Eftect of the activity single culture of bacteria
(KKL-11, KKL-38, KKL-55, and KKL-58)
with respecied o pH of madium

Thisse three pearmelers were vsed o measure the
ability of the microorganisms to produce wseful
bioprioducts. All the twelve selected isolates were sub-
jected o these wsis, Test was also conducied on the
mixed culture existing in the formation waker, snd on
each single culinre as well as mixed culture of the twelve
isalates. In addition, tests. The tests were conducied in
i stmiple mediam for o certain period ar 3570, Syniheie
formulation supplemented with nitrogen source and yeasy
extract wis used as the tests medium,

Text on Twelve Single Cultures. The twelve iso-
lates tested were obtained as the result of the selection
procedure reportied above, The test was conducted by
measuring mierfacial tension, and pH af the beginning
und end of 48 hours incubation,

Text on Isolate Achivities with Respecied ro Inter-
SJacial Tension. Measarement of the activity of each
culture was done o this case by medsuring the interfa
cial tension between ol and water medium ot the bégin-
ming and end of meubation. The results were quite van-
able, some showed incrense, while others decrease of
interfacial tension.  Decrease of interfacial tension oc-
curred in the medium containing single culture of bacte-
ri KKL-11, KKL-39, KKL-55, und KKL-56. The de-
crease, however, was only small {see Figure 2) i.e
15.96% for KKL-11, 7.08% KEL-56. Based on the
results only four isolstes have potential 1o produce
biosurfactant, while the other eight do not prisduce
biosurfactant at the test condition in the medium

Test on Isolate Activity with Respect to pH
Change. The effect of ench ol the single culture of the
twelve selected isolate on the pH of the medinm was
guite varable. Some isolates gave reduction in pH. some
increase in pH amd others indifTerent. Those that gave
pH reduction are shown in Figure 3. The decrease in pH
showed that the bocterin produced biogscid,  Four iso-
[utes were noted for decreasing pH, these are KEL-11
which gave 10.53% pH reduction, KKL- 19 which gave
5845, KKL-55 9 54% and KKL-56 38] &

The resplis showed thar only four solates gave pH
reduction by producing bioscid while the other eight did
nut prosduce bioacids, At different medin ind condition
other solate may produce bioscids while the above four
miay not. This mekns that bicacid production depends on
the type of the microorganism, mddium, and environ-
miental condition.

Selection of Potential Medinm. In order (o have
potentinl for application in MEOR, the microbes must
have the capacity to produce soitable broproducts, Their
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capability 1o produce bioproducts is determined by sev-
eral factors, Une of the mportant factors s the me-
dium. Theretore if 15 necessary to formulate 4 medium
which effectively stimulate the activity of the micrsor-
ganisins in producing the required bioproducts,

Thie miedia tested consisted of several Tormulas: these
were o basic medium and those with supplemental ma-
tenals. The basic medium consisted of a synthetic for
mulation of water and crude oul, with supplemenial stan-
dard materials modified of pepton, molasses, NPK, veast
extract and other molerals. Fourteen formilas were
ested in this work, Each one was iesied with a mixed
culture from an ol reserviar, The abjective of the es
was 10 obtain a potential formula which effectively sup-
ports bioproduct production. The test wis conducted
for a cenain penod at 357, in a shaking mcobator o
semil-anagrobie condifion,

Effect of Various Media on IFT. In this iest. mixed
culmre of B-12 was grown in foureen media, The de-
credse of imerfacial tension after 72 hours incubation
are shown in Figure 4. Five media gave decrease of
[FT, these were M-3 were 3.0% decrease, M-4 were
42 2% decrease and M-6, M-7, and M-12 each pgave
3.2%, 5.3% and 4.6% decrease, respectively

The highest IFT decrease was obtained in medium
M-4. which gave 449 mN/m decrease, or 42.2% of the
imitsil IFT. There was indicabion, durng the tést. that as
surfactant was produced in the media that gave signifi-
cant [FT reduction. Such large decrease was nol found
with M-3, M-6. M-7 or M-12. The decreases in these
media were guite small. and their capacities produce
biosurfaciant were not established. Chther media among
the fourtcen did not show any potential o stimulate
biosurfactant produce hacteria

Effect of Various Media on pH Change, The tes)
conducted in the culture B-12 and 14 media gave vaned
results. pH measurement of the media showed that ¥
medis had pH decrease. Significant decrease were ob-
tained with M-1 which gave 10.6% decrease, M-2
13.7%, M-5 29.8% and M-8 11.1 % decrease (see Fig-
ure 33, The highesi pH decrease was obtained in me-
dium M-5, which gave 29.8% of the initial pH. There
ws indication, during the test, that as acid was produced
in the media that gave significant pH reduction. In
significant pH decrease were observed with M-3, M=, M-
. and M-7.

Effect of B=12 Activity on Vivcosity Change in
Various Media. This test was aimed at finding out in
which medium the culture B-12 produces viscosity re-
ducing agent for crude oil. Viscosity reduction was found
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to occur in medivm M-8, ie. 1L7%, in M-10 10.3%, and
in medium M-11 13.8%, a8 shown in Figure & The re-
sults showed that of the 14 media tested only three gave
viscosity reduction. The viscosity reduction in media M-
10 and M-4 was probably caused by biosolvent/viscos-
ity, reducing bioproduct of the microbes. In medium M-
B the reductivon wis very small that it wis nol evident
that this medium allowed biosolvent prducts by the cul-
ture B-12. In other media then these three no viscosity
reduction was observed.

The selected microbes and nimmem will be using for
microbial core flooding test

V. CONCLUSIONS

The results of the study can be summarized as fol-
lows:
1. Microbiology analysis of formation waler, crude oil
and soil samples collected from Cepu, Cirebon,
Rantau, Prabumulih, and Jambi oil fields showed the
existence of microbes which grew well at MC. On
the oiher hand. microbe population growths were
observed also ot 55°C in only some samples.
From the samples taken from Cepu, Cirebon,
Rantwy, Prabumulih, and Jambi, 54 isolates have
been wdentilied and determinme ot 30T ax well as
T tsolanes ot 55
3. Based on their capability to grow in hydrocartons,
and live in semianaerobic condition, 12 isolaes, of
which some have motility, were selected for further
study concerning their capahilities in prodocing the
required bioproducts for MEOR.
4. Froin the ests conceming boproduct production of
the 12 single culture molates as well as therr mixed

|4

culire; some isolates wiere foond o prodoce such
broprodocts a8 biosurfactant, bisecid, and tosolvent
which dre useful for MEOR.

5. Based on activity test of the mived culture B-12 in
4 medip, three medin were selected. numely M-4
iwhich support bosurfactan production), M-3
i which suppon hivacid production ), and M- 11 twhich
suippirrt hinsolvent production). Furher tests which
psed mined culture in formation water, showed thit
the medium M-4 has better potential for MEOR in
comparison with media M-5 and M-11.

VI, ACKNOWLEDGEMENTS
The authors wish 1o thank PERTAMINA for the
grant 10 LEMIGAS 1o conduct the study on Microbial

Enhanced Oil Recovery, The muthors also wish to thank
PERTAMINA and LEMIGAS for their support and en-
couragement on this paper.

REFERENUES

I. Anonim, “Pemulihan lsolat dan Media Prospektif
untuk MEDOR™, PPPTMGE “LEMIGAS", lukanta,
1996,

Anonim, “Sukly on the Activities of Indonesia’s Oi
Fields Indigenous Microbes for their Application in
MEOR™. PPPTMGBTLEMIGAS". lakarta, 1994,

3. Brvant, RS, and Burchfield, TE., “Review of Mi-
crobial Technology for Improving Oil Recovery™,
SPE Reservoir Engineering. May 1989, p. 151-154.

4. Chisholm, 1.1, et al, “Microbial Enhanced Oil Re-
covery : Interfacial Tension and Gas Induced Relu-
ive Permeability Effects", SPE No. 20481, 9],
pp. 169 - 178

5, Clark, J. B., “In sitw Microbial Enhancement of Oil
Production”, Contributed paper Dept. of Bouny
and Microbiology, University of Oklatwina 73019

fi. Evita H. Legowo, M. Udihanto, 5A Kadarwa, M
Rahman, E. Jasjfi. Noegroho Hadi, Suyanto P, “The
Development of MEOR in Indonesia”™, Seminar and
Workshop on Norwegion & Indonesion S¢. And
Tech. For Sustamable Dev, Jakarta, 1996

7. Fox, S.L.. et al, "Comparative Annlysis af
Microbially Mediated €l Recovery by Surfactants
Prisfuced by Hacilluy Lcheniformis and Bocillus
suebtilin ”, in Premueic, E. ond Woodhend, A, (Eds)
Mic robvial Enbancement of (0 Recovery - Recent
Advances, 1992, p, 143 - 150

B, Jusjfi. E.. S Kadorwat, M. Udihano, EH. Legown,
M. Bahman, “Biosurfactant and Broacid Producing
Microbes from Indonesian Ol Fields, Proceddings,
IndonexianPetrolenm Association, 24" Annual
Convention, Jakaria. 19495,

9. Rocha, C., San-Blas, F., San-Blas, G, and Vierma,
L., “Biosurfuctumt production by two Isolates of
Pyeudomonas aeruginasa ™, World Journal of
Microbioloey and Biotechnology, 9, 1992, pp.
}25-128.

10.5ri Kadarwati; M. Udibano, M. Rahman, E. Jusifi,
and EH. Legowo, “Assessment of Microorgunisms

from Indonesian Ol Fields, Privceedings the Fifth
Imternational. ©

[t

an

LEMIGAS SCIENTIFIC CONTRIBUTIONS WD, 32002



