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ABSTRACT

Enhkanced Oil Recovery (EOR) technologies are now being developed year by vear, Some of technologies are
already applied in pilot or commercial scale in actual eilfields. Meanwhile, conditions for the exploration of new oil
[fields are becoming more severe. Accordingly the gqualification as being an aperator in many oil companies is going
ta be justified in terms of their capability in EOR technology in addition to the capability of exploring new oil fields.

The term “Enhanced O Recovery” is used in a broad sense. It covers a wide range of improved oil recovery
techniques, from waterflooding ta more sophisticated technigues such as chemical flooding. EOR is an emerging
technology with the potential to greatly increase oil recovery from discovered fields. Ar present, it is consirained by

serious technological problems which result in unpredictable performance and high economic risks,

The potential for EOR depends on the state of technology, oil prices, development costs and the fiscal
environment in which development takes place. This paper discusses the major EOR processes, screening criferia
economic constderation and some lmitations in Indonesion ailfields

L INTRODUCTTON
EOR processes

In general terms the processes in the enlaced ol
recovery are based on introducing some energy source
into the deposits through the injection of gas, flooding
with water,the introducing the surface-active agents
(surfactant), the injection of water including additives
o increase il viscosily (viscosifiers), the use ol the rmal
methods, miscible gas floeds and microbiology.

Method of enhanced oil recovery may be subdivided
into secondary and tertiary processes. For simplicity no
such distinction will be made in this review, lmproved
oil recovery is defined as oil recovery by processes
which increase displacement overthat obtained through
primary and/or sccondary recovery processes. Some af
these processes function best when applied directly
alter primary production, while others can be applied
after secondary production.

The oil recovery method usually considered for
EOR application are shown in Figure 1. Each method
is adapted fo certain reservoir and crude oil type.

Thermal treatments are most suiled 1o heavy, oflen
tarry, low APl gravity crudes which often will not flow
al all in the reservoir under notural conditions.

The method involves injection either of hot water or
steams and in situ combustions, Among those injection
the steam injection have been used extensively on
commercial scale in Duri Field, Central Sumatra,

Recovery in this case 15 enhanced by :
- Viscosity reduction of the crude
- Thermal expansion of the oil.

Chemical Nooding utilizes a chemical slug which is
injected in the reservoir 1o aller the interfacial forces
between crude oil and brine, allowing the oil droplets
1o deform and flow through the constructions in the
porous medivm,

Major recovery processes included to this method
afe &
- Caustic Nloods
- Polymer Moods
Surfactant-polymer Moods
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Mechanisms for improved oil recovery by chemical
injection will include @
Caustle Noods

= Lowered oil-water interfacial tepsion,

- Emubification of oil in water or water in oil
combined with entmpment or enltrmpment.

= Wenahility aliertion.

Polymer Moods

= Improve mobility

= Improve sweep ciliciency
Surfactant-polymer Noods

- Reduce interfacial ension between oll and water

- Efficiency displacement
= Improve mobility

Miscible Dood is to reduce the capillary and inierfa-
cinl forces which cause the ol 1o be retained in the mock,
and to control the movement of the ail,

If miscibility i achieved, the adverse retaining forces
become negligible and eflicient displacements can be
realized.

This is done by injecting & solvent in the reservoir,
either high or intermediste bydrocarbon, COg, Nz or
combination of these,

Enhanced oll recovery
process overvies
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Figure 1. Enhanced oll recovery process avendew
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. SCREENINGCRITERIA

Before applying technical screening criteria, some
genenal considenations should be given to eliminate
reservoins nol switable for EOR metbods such as :

- Low permeability

Permeability vanations | areal varation, vertical
stratification and directional permeability

Extensive fmctures and faults

Litile remaining reserves

Existence of bottom waler

Existence of large primary gas cap

In general, oil reservoins not suitable for waterflood-
ing are not adequate candidate for furtber EOR pro-

A reservoir with bigh primary recovery [ncior due to
strong natural waler drive is usually not & good candi-
date for water Nooding.

The initial evaluation based on suggesied screening
criteria is followed by labomtory and fleld tests,

Many of the screening criteria are the reservoir
propertics that are normally available for developed
ficlds, However, the quality of svailable data has 10 be
assessed, and if necessary, new data should be oblained.

Table 1
Gulde fortechnical screening criteriea
Thermal Chamicals Mincitle

i Dims. | Steam | Wnaltu | FPoly | Surfec- | Ale HC Nz €0z

PRE— food comb. mer it line gas Qas Qam
Flock typs - an st astim e sar sstim | ssthm | sstém
Phel Tisinisns " »20 10 NG »10 NG o #in thin
Deph " 5000 | 8500 | <9000 | <000 | <9000 | »2000 | »5000 | »2000
Tamperahse ' NG »150 <200 75 <200 NC NC NG
S, paribabity md »200 »100 »40 80 »20 NG NG NG
Aoy, poscaly % 20 20 20 20 20 NG NG NG
IR R anmian % 4050 | 40s0 240 40-50 Sor »30 »>30 »30
Pressure pal 1800 2000 NG NC NG = - MMP
O gravity Agi 10:25 25 »25 »28 1335 »35 25-35 25
B YRy p »20 21000 | <200 <40 <20 <10 <10 15
O roroaiion NG | wspnal | NG wah Ne ight | heavy | heawy
Salnly (105 ppm NG NC | <5000 | <30000 | 100,00 NG NE NG
Welaiitly ow | wwow | ww W ow | wwow | wwow | wwiow
s 5 5 NC z i = : -
.50 o1 0.8 NC = - = a -
inject. water salindy o ~ - emel| s - B - B
Clay content % = - <10 <8 - - - -

Mate: NC - Mot Critical sst - sandstone

W - Wated Wt
O - N1 Wt

im - Bmestons (carbonate rock)
33y - sandsione is preferable
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EOR processes are sile specific and a careful screen-
ing of the processes and an examination of implemen-
tation strategy of the selected process arc extremely
important in order to achieve and oplimize the expected
performance.

Screening criteria for EOR processes are sum-
marized in Table 1, This screening is useful as primary
feasibility study.

Geological and reservoir enginecring data and pro-
duction opemsting data such as depositional environ-
ment, rock and fluids properties, heterogeneity, result
of past waterflooding and types of stimulation and
warkover should be studied.

1. ECONOMIC CONSIDERATIONS

Talking about the leasibility for each EOR process,
it should analyze the following items based on the
passed experience. There are :

- Oil recovery efficiency

Example EOR pilot project costs

Estimated cost for 2,5 acre water!

loed pliot project

= [Drill and complate 5 wells USE 3068270
{Irverted 5 spol)
- Surtace equepment 57,520
- Laboratory evaluation 10,000
- Opearation cost for 2-4ears pro- 180,000
poct
Total costs USS 563,780

Estimated cost for 2,5 sere polymer fload

pllot project
- Drill and complate 5 wells UsSS 308270
(inverted 5-spot)

= Surface equipmant 80,000
= Chamicals 50,000
= Transportation chemicals 3,000
- Laboratory wark pror 1o progect 75,000

| = Operation cost fof 2-years project 250,000
Toftal costs USS 764,270

Estimated cost for 2,5 acre miscellar-polymer

pllot project
- Dxill and complete 5 wells Uss aoez2vo
{Inverted 5-spot)
- Surlace equipment B3,950
- Chemical 200,000
- Transporation chemicals 13,000
- Laboralory works prior to project 180,000
- Dparalion cost for 2-y8ars 250,000
project
Toltal costa LI5S 1,033,320

- Process efficiency
= Example EOR pilot project costs
Oil recovery efficiency
Processos Ol recavery
- Sieam Booding 30— 60
- In-situ :I:urrlh.rl'tl-uh 15 325
- COp misciblie fooding 20 - 30
- Paolymer flooding 310
= Suriactant fiooding 15— 40
- Alkalime ml'ﬂ'ﬂ a5
Process efficlency
Proceases Efficiency
Steamn flooding 4 - & Bbl stenm/bbl oil
Ir-gitu combuston 15 - 20 Met ainfbbl ol
COz miscible fooding 10 - 25 Mcf CO2/bibd odl
Polymar flooding 0.5- 2 Ib_polymer bl oil
Surfactant flooding 20-40 b surisctant with
1 = 2 Ib.polymerbbi ol
Alkaline fooding 30-60 Ib alkalne/bbl ol

Estimafted cost for steam flood

- Drilt and complela 5 wells USE 344,500
(inveried S-spa)

- Surlace equipment 38,140

- Laboratory work prior to project 75,000

- Dperaton costior 2-yearns project 400,000

Tolal costs US% 1,125,640
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IV. SOME LIMITATIONS IN INDONESIAN
OIL FIELDS

Eventhough Indonesia is considered a mature oil-
producing country very few EOR projects have been
undertaken

The most active Indonesian operator in EOR is the
national oil company, PERTAMINA, who currently
have active projects in North and South Sumatm as well
as in Kalimantan.

A. North Sumatra basin

The North Sumatm Basin has been producing for
over 100 years with total production of over 500 million
barrels. The vast majority of oil-bearing reservoirs are
sandstone al relatively shallow depths wih "light® oil.

Study of waterfloods in the labomtory conducied on
reservoir rocks from this area showed approximately 21
to 36 % of oil recovery from oil reservoirs (LEMI-
GAS,1992).

The major EOR projects in North Sumatr, water-
Mooding in the Rantan field, has reportedly been suc-
cessful, although the high gravity oil prevalent in the
basin may have an adverse effect on the mobility mtio
and thus be a limiting influence on water{loods.
Asamera's Tualang field is also under waterflood pro-
gram.

The presence of this light oil could also prohibit
thermal and alkaline chemical processes. However, the
good porosity and thick beds should aid sweep elli-
ciency.

The availability of large quantities ol carbon dioxide
in Morth Sumatra is a factor in fulure EOR projecis,
although the low reservoir pressures are likely to limit
any miscible ooding.

B. Central Sumaira basin

The Central Sumatra Basin is the most profilic in
Indonesia, with currently over sixty fields in produc.
tion, about three EOR projects are currently active (two
water floods and one thermal project), with Duri field
steamflood the most significant.

Labomtory study of waterfloods showed that oil can
be produced from oil reservoirs about 3310 46 % of oil
recovery by waterflooding (LEMIGAS, 1992).

Duri field, with oil-inplace of over & billion barrels,
has estimated primary recovery of only less than 7.5 %,
thus, leaving a large target for production through EOR.

The CPI (Caltex Pacific Indonesia), initiated peri-
odic cyclic steam injection ("Hulf-and-Pull") in 1967,
and larger steam and caustic flood pilol in 1975.

It is estimated that the steamflood will increase
recovery {rom the primary recovery [actor of 7.5 % to
over 50 % of the oil-in- place.

This project is expected 1o cost over one billion
dollars, but it iz estimated to produce over three billion
barrels of incremental EOR oil.

Almaost all production in this basinis from sandstone
reservoirs, thus, all EOR methods could potentially be
applied in this basin, depending upon the particular
field chamctensiics.

. Sowuth Sumatra basin

The South Sumatra Basin has been explored more
thomoughly and hasthe largest numberof lields than any
other in Indonesia.

Fields in South Sumatra genemlly have a greater
degree of faulting which can influence reservoir conli-
nuity and sweep efficiency, but reservoir and Muid
chamcteristics do not indisputably eliminate any EOR
process, although the absence of available carbon diox-
ide and the presence of high walerculs are limiting
factors. Laboratory studies conducled on reservoir
rocks from this arca showed that approximately 33 to
46 % oil recovery can be produced by waterllooding
(LEMIGAS,1992),

Curremt EOR projects are underway in Tanjung
Tiga, Jene, Pian and Kampong Minyak fields (waler-
flesods ), with pressure maintenance through water injec-
tion inthe Pendopo field, as well as a larger underiaking
inthe Limau/Belimbing trend likely to in 1989, and also
the Asamera plan waterflloods in the Ramba “B" and
Tanjung Laban fields.

&
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Table 2
EOR pliot projects In indonesin
Provinces Fields EOR process Companles

C. Sumatra Kotabatak Waterflooding CP| (Caltex)
Padada Waterfionding CPl (Calbex)
Bekasap Waterflooding CPI (Caltex)
Barwgks Waterflooding CPI (Caltex)
Zamirud Waterflooding CPI [Caltex)
Balam S Waterfiooding CP1 (Caltex)

5. Sumalra TIT Waterflooding Pertamina-||
Liman Waterflooding JO8 Pertamina Husky Oil
Jambi Waterfiooding JOB Pertamina Asamera
Litik Waterfooding JOB Pertaming Link Peir

E. Kalimantan Nonny Waterfooding Tesoro
Sambosa Waterfiooding Tesoro
Tanjung Waterfiooding JOB Pertamina Bow Valley
Yakin Waterflooding Unocal

frign Jaya Klamaong Chemical Flood Joint Study ParL-JNOC
Cenderawagih Gas Injecton Fefromer Trend

In the past, EOR studies and pilots had been exam-
ined in the Jambi area (Tempino and East Ketaling
ficlds), but have not been developed into active pro-
jects. A number of other fields had water and gas
imjection schemes, but are for pressure mainlenance
only, mther than for actual frontal movement.

D, Norih-Wesi Java basin

The major onshore oil currently in production in the
Morth-West Java basin is the Jatibarang field, This is a
significant field, as it was discovered by PERTAMINA
in 1969 and produces a 30 degree APL, waxy, high pour
point ofl from fmctured andesites and tulfs.

Labomtory studies of waterflooding on some reser-
voir rocks from the ficlds in this area, showed that
waterllooding can produce approximately 13 to 38 %
additional oil recovery (LEMIGAS, 1992},

E. East Java bagin

‘The East Java basin was a prolific producer in the
first half of this century (more than 150 million barrels
of oil produced from over 30 lields), but with lintle

production over the past twenty years. The producing
reservoirs are shallow sandstones,with paraffinic oils,
oil gravities between 24 and 43 degree APlamnd carbon
dioxide present in some fields.

Labomtory study of waterflooding on the reservoir
rocks in this arca indicates oil recovery by waterflood-
ing is approximately 17 to 39 % from oil reservoirs
{LEMIGAS,1992).

F-l- Kt i hesin

The Kutel basin has been explored with dilferent
level af activity for the past ninety years. The Sanga-
sanga ficld was discovered in 1898 and has produced
more than 260 million harrels, while the other major
oilfield in the hasin, Handilwas discovered in 1973,
and a full scale walerflood in 16 reservoirs began in
1980 (Alibi,1982). Waler injection is believed to be
currently in excess of 150,000 barrels per day. Labora-
tory study of waterlloods showed approximately 37 lo
49 % oil recovery can be produced from oil reservoirs
in this area (LEMIGAS, 1992),
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Table 3
EOR full scale projects In Indonesla
Provinces Flelds EOR process Companles
M. Sumalra Rantau Waterfiooding - Partamina Japex
C. Sumatra Duri Steamfipoding - CPIl (Caltex)
Liba-SE Waterfinoding - CPI(Caltex)
Minas Waterflooding = CPI (Caliex)
Binjor Waterfiooding - PT. Stanvac
iouk Waterfiooding - PT. Stanvac
Kerumutan Walnrflooding - PT. Stanvac
Marbau Waterfiooding - PT. Stanvac
Jene Waterfooding - PT, Stanvac
5. Sumatra Tag.Laban Waterflooding - Asamara
Ramba Waterflooding - Asamers
Lirik Waterflooding - Pertamina |l
Wlolak Waterfiooding - Partamina ||
Banakal B Waterfiooding = Pamamina ||
Kampang minyak Watarfioading - Perfamina Trion
NW. Java Asjuna Waterflooding - ARl
Arjuna Gas Injection - ARI
Rama-BR Waterflooding = Maxus
Krisna-LBR Watarfiooding - Maxus
E. Kalimantan Bumyu Wiatarfioding - Peramina Mainkne
Hanel Watarfiooding - Total Ind

A chemical flood pilot has been tricd in Handil,
however, although resulis have not been published.
Residual oil saturation from selecied cores is low 26 -
29 percent, porosity is greater 25 percent, which
together with high oil recoveries from corellood tests,
indicate that chemical Mooding, even in watered out
reservoirs, was feasible (Sureau et al,1984), Some ol
the polensial problems include large primary gas caps
and multiple sands of varying thickness.

(3. Rarito hasin

The Tanjung field, the largest field in this basin is
currently undergoing a limited program ol hol waler
injection 1o try and increase the mobility of the viscous
{200 cp) paraffinic oil,

The producing sands in the Barito basin arc more
conglomeratic than the other parts of Indonesia with

some lateral variations in permeability, which could
allect sweep efficiency.

H. Tarakan basin

The majority of production has been from Pamu-
sinn, Bunyo and Sembakung ficlds and are chame-
terized by strong water drive and multiple sands.

Low gravity oil {18 degree APT) has been produced
in Pamusian field, but primary recovery is estimated 1o
be higher filty percent (Rowley, 1973) and a high water-
cul is noticeable in all ficlds. Reservoirs chamctenized
with multiple sandstone reservoirs could cause looding
probilems.

1. Salpwati baxin

Over 95 % of total production in Eastern Indonesia
has been from the Salawati basin, which currently pro-
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Tabel 4
Maln ollfiels In Indonesla (states 1 January 1985)
o Mumber of Productive Capocity ) R

" els formation BOPD b

" MMEO
1. N. Sumaira 21 S5T ELMST 110,700 530,00
2 C. Sumatra BA S5T 703,800 5 650 00
3 5. Sumata 57 S5T &2 68000 1,680,060
4, MNW. Java 50 SST & LMST 242 BDO 884,00
5 NE.Java 1 LMST 2 0.43
8 Banio 5 85T 4,700 113.00
T Husl 21 58T 261,900 1. 465,00
B Tarakan 4 85T 13,00 295.00
9 Salmwal 18 LMST 36,600 280,00
10, Bula 1 SST & LMST TEO 13.00
11. W Matuna 1 S5T 11,400 44,00

duces over 25,000 barrels per day from a number of
carbonate reservoirs. The oil is charactenized as mode-
rate viscosity, low buble point and medium gravity. In
some fields strong waler drive is prevalent with over
fifty percent primary recovery.

Labomtory studies of waterflooding showed oil re-
covery is approximalely 42 percent in averge [rom oil
reservoirs by waler injections [ LEMIGAS, 1992).

Some potential problems with EOR techniques are
the high water cul, reservoir heterogeneily and natuml
fractures, possibility of carbonates being preferentially
oil-wel.

V. CONCLUSIONS

1. Indonesia has very few active EOR projects com-
pared to the other oil producing countries of similar
reserves base and matunty. The reasons for these are
small average ficld size, predominance of light oil,
thin multiple reservoirs, multiple completions and
reservoir discontinuities.

Data is very limited and is not available for a de-
lsiled screening of Indodesian reservoirs, Thus any

!‘..I

conclusions reached are meant only as a guide in the
absence of a complete data sel.

3, All the producing basins of Indonesia could, wilth
the existing EOR technology, increase their re-
covernble reserves. Site specific limitations for in-
dividual processes are present, bul overall the
reservoirs and Muid charactenstics are favonible for
EOR in Indonesia, under suitable economic condi-
tions. Mostof study resulis indicate that waterflood-
ing process is economically attractive in Indonesia.

4. lmproved oil recovery can be less expensive than

new discoveries or unconventionnl energy.
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