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ABSTRACT

After selecting several old welly in Cepu, then
well LDK-132 was chosen for implementing
MEOR technology uxing “huff and puff™ method.
For this purpose, flulds samples (water and ofl)
from Ledok Formation were taken af the wellhead.
No core of LDK-132 was available, only cores
Sfrom LDK-209 and LDK-PI were found. Core
plisgs couwld not be made from the former due to
compacted and tightly condirions with a very low
permeability of only 0.458 mel. The latter with the
permeability of 140 md met the requirements of
miceodial core flooding (MCF) tests, A standard
quartz dominated core from Clashach Scorland
with permeability almoxt 800 md way also used to
compare with the native core’s results. The MCF
resty were conducted ar the reservoir conditions
for both types of core. The native core gave a re-
covery factor of oil production of 12.58%, while
the standard core yvielded a hipher recovery fac-
tar aof 21.22% of Sor. Based on these results, the
MEOR implementation way conducted on fuly 8,
1999 by infecting 135 barrvels of mixtires consisi-
ing of formation water, microbes enriched with
KKL-1! { Koleksi Kultur Lemigas or Lemigax Cul-
turex Collection) and M4* medium through the an-
mulus of LDK-132. The result showed an increase
of average oil producrion rate, from 3.46 bopd, 6
days before the infection, to 24.85 bopd, 6 days

dafter the injection.

L INTRODUCTION

The petroleum resources in Indonesia have been
naturally depleting since more than 100 years of explo
tation. In general, the average oil recovery from the first
and second phases of production is still rather low, ie.
between ) and 0% of origingd oil in place (OOIP).
The remaimng oil is still trapped in the reservoir rocks”

pores. To obiain this oil and wrimprove the recovery of
oil fields in Indonesia, the EOR methods should be ap-
plied. Microbial enhanced oil recovery (MEOR ), among
others, his drawn attention to this application dye 1o re-
cent developments in biotechnology. This technigque is
highly relevant for Indonesta, if related w s diversity of
tropical microbes. Certain thermophilic anserobic mi-
vrabes, for instance, have an ability o grow well in the
reservoir conditions and also have an adaptability 1o de-
velop in the oil-bearing formation, which has large sur-
face ared tiv host or act 48 habital of microbe coloniza-
fiom.

Cepu ol field, located of abowut 180 km to the et of
Semarang, the capital eity of Central Java (Figure-1),
was given by PERTAMINA for MEOR implementation
using “huff and puff™ method. Well LDEK-132, in Ledok
siruciure, wis selecied among sixteen existing candi-
date wells for the first test, because it fulfilled the crite-
rin of MEOR requirements such as salinity < 19%, wa-
ter cut = 70%, oil gravity > 15"APL. total depth < 1060
m, porosity = 3%, and permesbility > 20 md.

Labortory tests on the fluid taken from the well head
indicated that the bio-products produced by the indig-
enous microhes of LDE-132 in M4* medium were able
o make some changes o their parameters such as the
interfacial tension (IFT), acidity (pH), and viscosity. The
changes on these purticular parameters were useful for
increasing the oil production of the well

MOCF tests at the reservoir conditions on the native
core LDK-P1 with the mdigenous microbes from LDE-
132 and M4* mediom gave a recovery factor of 12.58%
of Sor, and permeability decreased from 380 md o | 82
mil, or permeability reduction factor of 52,1 1% The same
miedia and microbes tested on the standard core with
similur conditions gave a better gecovery factor, ie
21.22% of Sor, and permeability decreased from 36,40
md o 3040 md, or permeability reduction factor of
| G485
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The first cvcle of injection, approximately 35 bar-
rels of formation waler containing indigenous mictobes
plus KKL-11 (as a starter) and M4* mediom were per-
formed on July 8, 1999 through the annulus of well LDEK-
132, with the iotal depth of 186 m. This mixture was
pumped into Layer-111 of the Ledok Formation with the
porosity of 26,605, permeability 300 md. temperatune
S5.60°C, which contuined paraphimc oil. Afler being shul
m for | week, the well was returned to production. The
production rate could ot be fully optimized due 1o the
mechanical problenis of the pump unit, In 6 days, since
July 29 1999 the avernge oil production rmte was only
1,46 bopd, but a serious mechanical pump problem
emerzed. During the week, after August 20, 1999, the
oil production suddenly increased 1o 2202 bopd, 31 45,
3364 21,39 1510, 12.58, and 944, Unfortunaiely, the
next eycle of nutrient injection 1o monior the progress
of this implementation could not be continsed, because
thie pumiping unit wis needed for other more productive
well in this fiekd, LIDK-132 jtsell was given to the local
cooperation unit for stimulating their activity o support
the powvernment policy

II. LABORATORY EXPERIMENTS FOR
FIELD APPLICATION

Tube Scale Tests. The aim of these tests upon the
fluids samples is o observe the changes on microbes’
population, IFT, viscosity, and pH due w0 microbes ac-
Livily

The observation of the microbes population on the
mixned culwres of LDK-132 plus Bacillus cereny en-
riched with KKL-11 in M4* mediom were done for 7
days of incubation time al lemperature of 35.60°C and
maerohic conditions. There wis an increase of the popa-
lation from 27.8 x 10F celliml 1o 300.0 x 10¢ cellmi

The effect of microbes” acuvity on IFT between
paraphinic il and formation water in anserobic condi-
tion and emperature of 55.60°C was also conductid.
Thie test on mixed cultures of LIDVK-132 indicated a de-
crease on [FT from 8.72 mN/m to 5.46 mN/m, or 37 39%.

Anodher test on the same mned cultures of LDk-
132 indicited a decrease on viscosity from 4.05 mPas (o
AT mPas, or 20,90%. The effects of these cultures ut

stmilar conditions indicated a decrease on pH of 28.33%
Microbial Core Flooding Tests. The purpose of
these tests is 1o oblain the estimated recovery factor as
ldm-n:t before the Reld application. I the recovery
ﬁ:h < (¥, the mplementation s categonzed as not
femsible. Before testing, the available cores need to be

micasured first 10 determine their porosity and perme-
ability, minerals composition through XRD (X-Ray Dif-
fraction), and also pores’ structures by SEM (Scanning
Electron Microscope).

Only two cores were available for the flooding tests,
i.c. native core LDK-P] from Ledok and a standard
core Clashach from Scotbnmd.

Native Core. The first core, LDR-PL, has an abso-
lute permeability (K b of 140 md, porosity 34.12%. wa-
“ar volume in the mck pores 2320 ml (after saturated
with water1, permeability o water (K _) 2780 md, and
imitial ol volume (5 ) 16,05 ml, or 69.20% of pores vol-
ume (after the flooding). Residual oil saturation (S ) of
7.95 ml, or 49,50, was obained after conducting the
water Tomuution flooding. This makes possible 1o calou-
late the permeability to water, giving K_380md @ 5

Next, with the Moodmg of microbes from LDK-132
viclded a total ol recovery of 100 ml, or 6.23% of OOIP
Ol recovery factor (RF) was 12.58% obtamed from the
caleulation using the following formula:

e e
KE = -
S
where:
RF = recovery factor
S r il saturation after water mjection
S, = oil suturation after microbes mjection

Permeability to water should be measured, giving
K, 1L82md @5 Permeability reduction factor (FRF)
can also b estimisted, e 52.011%. This high value re-
sulied] from fines migration through the effects of flood-
ing injection and microbes” bio-products.

Standard Core. The Nooding 1est process for the
secom] core, Clashach, was stmilar s on the nalve cone.
From the Liboratory measurements could be obtained
the following paramelers: cone’s pores volume 13.73 ml,
imitial ol saturation 9,70 ml, or TL67% of pores volume.
After injecting the formation water, the oil recovered
wits 593 ml, or 61 105 OOIP. After mucrobes injection,
the total oil recovery wirs (.80 ml, or 8.253% OOIP. This
ment that the recovery factor was 21.22% of § . The
changes of permesbility 10 water for K_ @ §_= 100%
wos 465 md, for K. @ 8 was 3640 md, and for K
@ § | was 3040 md. This gavespermeability reduction
fuctor of 16.48%, becouse the standard core wins miore
stahle cong compared (o the native cone,

In gemeral, the microbes Mooding tests on both kinds
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of cores gave a very good result, singe the oil recovery
om laboratory scale vielded o recovery fnctor higher thun
[, Flooding results and permeahility changes dunng
the injection process are depicted in Tables- | and 2, while
the plot of the flooding results are shown in Figures-2
and 3.

I FIELD TEST DESIGN AND PROCEDURE

In the design of MEOR process, the nutnients wiene
injected imo Layer-111 of Ledok Formation o stimulae
the in-situ production of bio-chemicails thut can be used
to recover the oil that remained in the layer. The nutn-
ents used in this particular MEOR process are predomi-
nuntly molasses, which is not only inexpensive, and
readily aviilable, but slso environmentally safe. Although
offen used, this molasses has several dissdvanages for
MEOR. Since molusses is a waste product of the refin-
ing of sugar cane, 118 chemicil composiiion 15 vanable
and undefined. Consequently, the predictability and con-
sistency of the expected biological products decreases,
and also 1 is difficult 1o predict the trunsportabality and
utihzation of these undefined nuinents at depth of the

layer. In addition, molasses contains suspended particles
thut could redece the injectivity into the laver (Grula,
[9E5 and Coombs, [987).

In genieral, as rules of thumb, i the conventional
continuous waler injection, the amount of wister that will
be tjected into the producing well s proporional with
the thickness of the laver injected, i.e. between 5.0 bwpd/
net frand 15,0 bwpd/net {t (Gomaa, 1998). Thas, if the
ihicknigss of the formeation s 31 m, or I0LT1 [ for in-
stance, thar means the fluid imjected mnging from 246
howpd 1 TR bavpd.

Ini the initial condition (see Table-3), the witer in the
tubing s column is assumed mmmobile, Le. 3.63 barrel,
and the water in the cosing 15 34.91 barrel. so the water
in the annulus is 31,28 barrel. Due 1 the effect of the
reservolr pressure, the water volumes are 4.58 barrel,
44.11 barel, and 39.53 barrel in the obing, casing and
annulus, respectively, In order to fill the annuolus’ whole
spoce, o tolsl of at least 40 barrel, shoonkd be injected. In
the field operation, first 45 barrels nitrient and water
formation mixtures were injected through the annulus
into the Layer-111. The reason behind this is 10 make

Table 1
il recovery through microbes flooding
I s
nitial Werier: fritinl CH CH Production
: Coe | Pow | Sanmiion Sauraton Wntor ingaction | Typeof | Shutin Microbes o
Mo Vel Microbe | (dmy) Ijection P
Serple | ooy = — Factor
b | R (e % P fec) | WO0P o) pot b
1, | LDK-PT | 2aan | 795 | XE0 | WEO0s | 8EE | WM | S0 | DR -4 100 Bz 1258
B
2 | Gashach | 1373 | 403 ?.i'.?l'!l B | TEr | s@m | Eu1a | Lo 18 0.0 (§e i)
| +HIC
Table 2
Walter permaability through microbes fliooding
Ho Core Sampic - " Reduciion
Wister Irjoct. | Micrdnject.
e e L pef 4 Factor (%4
T | L 14000 a0 1680 am {1 21
2 | Clashach T =50 2350 el .40 1648
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sure that the standing water of 3128 barrel were really
pushed into the reservoir, Then, another 45 barrel of
mkliases and water formation blend were injected to
reploce the first volume in the annulus. Finally, 45 barrel
of plain water formation was injected o flush the mo-
Insses deep mto the reservoir

Thus, the total amount of formation water and pu-
trition injected into the well LIVK-132 was approximately
135 baurel. Even these figures are less than 246 barrel,
hut the assumption of the volume was quite enough 1o
produce bio-producs in the vicimty of the well bore, 1f
the volume was much less than 135 barmel, the fingering
effect might be occurring. This was the unwanted con-
dithom,

MEOE injection mvolves the utilization of microbes
where their metabohc products were able o increase
the oil recovery. To succeed the whole MEOR opera-
thom, however, ciare should be taken in the general imjec-
tion procedure that can be given as follows:

I. Sond grains in the bottom of the well should be
cleaned up first 1o allow the flud injection freely
e inko the layer.

2. Inpect 135 barrel, the mixture of nutrients and for-
mation water that can propagate betier into the
lavr, sothat the fimgenng effect cannol oocir

3 Shut the well in Tor about one week.

4. Re-open the well, produced with the rod pump
Record the oil production mite and the water rale os
well. Monitor the production until certain level
ab the separaior fest

5 W mecessary, recanject the nuinients and formation
wiiler, a5 indicited through monitonng sl

fi. After that, repeat the steps nos. 3, 4 and 5.

V. FIELD TEST RESULTS

After being shot in for one week. the well was then
returmed o production on July 15, 1999, The production
record connot be observed smoothly because of the
mechunical pump unit problems. Tha is why in the early
stage of moniloring, the average oil production rate is
still low, ie. arund 3.46 bopd. In the whole week afier
August 21, 1999, the avernged ol production rate 1s 20,56
bopd. an mdication of significant increase of oil produc-
thon

The microbes injected imto ghe target layer can usu-
ally be detected in the produced water. I the results
showed that the microbes mjected mio the well could
live and grow in the particular layer for a long time, this
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Figure 1
Tha location of Copu ofl field
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Figure 2
Microbial core flooding test native core LDK-P1
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mieans thit the production could con-
tinue over an extended penod.

The increased organic acid con-
tent in the waler produced from
treated well could also be detected.
If. for instance, the oil-water [FT de-
creased as well, these changes were
often useful in helping to displace the
inil

Generally, the mcreased OO,
content it the gas produced from the
well could also be assessed.  The
increasing OO, provided notonly th
energy 1o displace the oil, but b
could improve the oil's property

V., ECONOMICAL

ASPECTS

Limited economic parameters of
this field test denoted that the major
cost of MEOR would be the nuin-
ent factor that supports the Tife of
microbes. To determime the total
cost for obtaining the incremental oil
for LDK-132, some assumptions
should be musde, for example the cost
of equipment for the microbial injec-
tion, which was around S 1500, no
overfeeding the microbial population
was done, while the cost for research
and development of the mcrobizl for-
pmiiliiiiion wos notb estumnied vel.

In & davs, from 21 w0 Augost 27,
[, the cumulative oil production
was 49,09 barrel, While in 6 days
before, the cumulative oil production
wus only 20.75 barrel. If the pro-
duction is assumed constant in the 6
days afier, then the amount of in-
crementnl oil production during 6
days was 128.34 barrel {149.09 har-
rels - 20,75 barrels), I the oil prce
is % 20.0{/bbl, this amounts o §
256680 of pross income. [T5 1,000
wis allocated for imjected notrient,
thie cost of the injection facilities was
% 6, and (M cost of technicians
wias % 400, then a total of $ 2000
was spent for | eycle of the micro-
bl flooding activity, leaving $ 56680

g




BEECITIAE @SCITENRYTIERS

of additional income, monitored only during 6 days of
peak production.

VI CONCLUSIONS

1. The results on the indigenous microbes of well LDK-
132 enriched with Bacillis cereis and mixed with
M4 medium showed tho ther bio-products. were
able to change the IFT, pH, and viscosity. This was
an indication of their wselulness [or increasing the
oil recovery.

2. Microbial core flooding test conducted on native core
of LDK-PI using the indigenous microbes from
LDK-132 ennched with Bacillus coreay and M4
medium yielded a recovery factor of oil 12.58% and
a decreasing permeability from 3.80 md o 1.82 md,
or a permeability redoction factor of 52.11%. This
is due to fines migration through pore spaces and
leaving behind a larger pore in the reservoir rocks
s revealed by XRD and SEM analyses results.
The same test on stindard core of Clashach gove o
recovery foctor of 21 22%, and a decreasing per-
meability from 3640 md (o 30.40 md, or a perme-
ahility redoction factor of 16.48%. This relatively
low value is caused by the mam composition of the
core, i.¢. quart?, which 1 mare stable compared 1o
cluy mineral.

i, After the injection, the average oil production rate
increased from 3,46 bopd o 2485 bopd

4, In order to obtam the optimum meremental ol care
should be taken in preparing the nutrients, and the
inpection procedure should also be followed prop-
erly.

5. The wial expenditures for the injection is § 2000
covering the nutrient, technician and rental of pump-
ing unit, and if the oil price was assumed $ 20,00/
bbl, then the incremental oil of 128,34 barrels would
give § 256680, the remaining amount would be 5
36680, during 6 days of observation.
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