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ABSTRACT

The continual shortage of domestic crude oil requires optimum oll and gas comservation practjces (o ensure

Oil production from reservoirs by matural (primary) drive mechanisms is often an inefficient process which may
leave considerably more “residual® oil trapped behind the reservoirs than can be produced.

One of the primary objectives of this study is fo provide additional oil recovery obiainable by waterflooding from
Indonesian oil reservoirs; these then become the reference for an economic projection of the profisability of the waterflood.

Results of
waterflood from oil reservoirs in Indonesia.

L INTRODUCTION

Wialerflooding is an application of artificial techaiques
o increase the proportion of oil that can be extracted from
a crude oil reservoir,beyond the amount that Oows natu-
rally or is pumped W the surface through producing wells.

These artificial techniques have been used for many
years by the petroleum industry. It is genenlly scknow-
ledged that the fimt waterflood occurred as a result of
occidental waler injection in the Pithole city srea of Penn-
silvania in 1865, The practice became gencnally applied
1o oil reservoins in the late 1920s.

The ofien-imagined concept of 8 crude oil reservoir s
s vast pool of underground oil in an open cavern,into
which it is only necessary to sink & bore and dw off «11
of the Nuid. But s such is very far from the case; most oil
reservoin geacnlly consist of sandstone or limestone and
sometimes are mrely volcanic rock (like metamorf taff),in
which the oil occupies pant of the microscopic pore spaces
between the mineral grains, or solution voids, or occasion-
ally a network of permesting fractures. The pore spaces,
voids, or fractures must be adequately inkercoanccied 1o
enable the oil to flow through and out of the rock into &
wllborne.

According o Rapoport and Leas (1978) caly a pant of
crude oil { on sverage about 30 per cent) present in the

laboratory studies hﬁ?wﬂuﬁ-h-nw large quantity of oil which may be recovered by

reservoir is recovered uader the action of "primary” or
*endogenous” encrgy of the reservoir. Part of it may
further be produced by methods of secondary or tertiary
oil recovery.

There are five principle types of natural resevoir drive
mechanisms ( Table 1 ),mnging from water drive ( the
most efficient ) 1o drive resulting from slight expansion of
the reservoir rock and its fluid contents by production.

A natura] water drive from an underlying aquifer is the
most efficient displacing mechanism because of the gener-
ally large amount of encrgy resulting from the hydrostatic
head of the waler.

According 1o Mc Kay.B.A (1974),the efficiency of
principle natural drive mechanism in ofl reservoirs is as

follows :
Table 1. EMciency of principle natural drive
mechankms in oll reservolrs.
Natural drive mechanism type ¥ {;l
Recovery (%) |
Water drive 30 - 8D
Combination drive 15 - 50
Gas-Cap drive 20 - 60
Solution-Gas drive 15 - 35
Rock and Fluid Expansion drive 0- 10
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In a water-drive displacement mechanism,three prin-
ciple [actors control the proportion of reservoir hydrocar-
bons remaining i depletion :

Contact factor ; the contact facior of § reservoir i an
expression of the amount of the reservoir that bypassed by
displacing water, for various physical reasons.

Iff the reservoir contains sizeable wones of shale or silt,
faults extreme permeability variations,or tight zones Lhe
coniact fsctor will be poor,

Sweep efficiency : the mobility of fluids ina reservoir
controls the seeep efliciency (mobdlity is the permeability
of & rock 1o & Muid devided by the Muid's viscosity).

Sweep efficiency is usually determined as a function
of the mtio of waler mobility o oil mobility, and can be
improved in an oil reservoir cither by mising the water
viscosity using chemicals or by lowering the oil viscosity
by tbermal techniques.

Displacement efficiency : this is the pore system of
the reservoir thal principally govems displacement effi-
clency; production is controlled by the degree of pore
inlerconnection, the size of the pore throats, the fluid and
rock interfacial tensions, and the resulting pressure re-
quired 0 move the various phases (gas.oiland water)
through the sysicm.

Figure 1 is an idealised skeich (afier Herbeck et
al,1976) showing residual il becomes trapped during
wiler displacement.

I. Initial eenditions

2. During displocamant !
= =

3. After displaceman?

Waler ——= e

Figure 1. Trapping of reskdual oll during water
dbsplacement

. METHOD

Dynamic displacement bas gencrally been & standard
laboratory technique for walerflooding of core samples.

In particular this method expresses the chamcieristics
of walter injection inlo a permeable medium where oil is
the displaced phase.

The oil displacement efliciency of a waterllood in the
ficld can be calculated from the water-oil relative per-
meability characieriastics and the waler and oil viscosities.

The established procedure is 0 construct & plot of
fractional Dow of waler versus waler saturation.

Ignoring capillary pressure effects, (mctional Dow
equation is a5 follows ;

- o 2 g 4 sina )
fw= = k ko (1

¥

fraction of waler in the Dowing stream

passing any point in ibe rock

(i.e watercut)

formation permeability

relative permeability to oil

relative permeability to water

total Muid velocity

oil viscosity

waler viscosity

accelemtion due o gravity

wter-oil density difference

= angle of formation dip o the borzontal
In 50 called practical units, the equation becomes :

Edro A
1= (iR - I Elll.in i

o = g @
s

ES™3ESIE"

Where permeability is in md ; viscosity incp ; area (A)
insq.ft ; qu{ Dow rate ) in BPD ; and density difference in
Emfcc,

In horizontal eservoins, the equation becomes ;

1
J e 3
W ko
po drwe
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The oil displacement effickency (Crawford, 1974) can
be estimated using the equation :
Swld = Swe
Ed =0 —swe =
Where :
Ed = oildisplicementelficiency dimensionless.
Sebl = svenge walermalurtion sl waler break-

through, fction of pore volume.

Sec = connale waler sstunition, friction of pore

volume.
. The maximum ofl displscement efficiency by waler-
Dooding Ed. max is :
Ed. pax = I-L (5)
1- Swe

Where :

Sor = residual oil sstumtion frection pore volume,
equivalent 1o 1.0 minus the maximam
waler saturation shown from the relative
permesbility dais,

The prediction of sdditiona] oil recovery in the Gelds

by wakerllooding can be estimated wing the bashc equa-
thom :

7158 gVif (Sos - Sor) EvEp
Nuf o TERGVL G oJor) EVER

total waterflood recovery , STB oil

avemge porosity , [mction

reservoir volume within flooded area,ac-ft

ofl sstumtion ai flood stan feciion

residual oil satuntion afier water{lood,

Ermctio

vertical iavaslon efficiency, fmotion

areal of pattern sweep efficiency friction

oil formation volume factor st food

pressure, RB/STB

Sources of dat information :

= logs or core laboratory data.

= pubsurface maps.

= based on difference in original OIP and
oil produced prior 1o food.

Sor = |labormtory Dood lests.

LB e

ALN TR ¢

fg*

Ba = labomtory analysis of subsurfsce
+ fuid sample.
Ev = expericnce in similar felds if dam
limited can be estimated as function
of water-oil mobilitics (k) and
permeability variation.
Ep = canbeestimated as function of mobilities,
flood pattern.
As an example,if data svailable from labomtory
studics and estimation include
¢ 020
$x10° ac-ht
0.456
025
0.7
06
1.176 RB/STB at flood pressare
of 1000 psia.
Required : (T). Estimate waterflood oil reserve :

FEPEER

N = (TIS8XO2Y510°40AS6-025X0.7X0.5)
L1176

7
Neof = i’?l.riﬂ STB
Required : (TI).
Estimaste maximum possible reserves wilh
Ev = 1.0 and Ep = 1.0 (all of reservoir Noodable ;
all of area of cross-section reduced o residual
oil saturation).

35 x 100,456 - 0.25)1
Mof = 1176
Nwf = 1359 x 10°STB
[l DISCUSSION OF LABORATORY
MEASUREMENTS

In preparstion for labomtory work, core samples were
drilled parallel to the bedding planes from each care
segment using kerosene as & bit lubricant.
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Plugs were thoroughly cleaned in a soxhlel cxtracior
ﬁq“mﬂmuulmluuhrnﬂmiﬂmm.

The plugs were then dricd in a controlled humidity
oven sl 40 % relative humidity and 60° C. Such condi-
Lions were uhmdhtvnﬂ.wuthumhlnh:,ﬂlr—
dnﬂuutnﬂh‘n.ﬂwﬂlmhﬁ-mj have been
present in the cores,

Affer cooling, permeability 1o gas was measured by
Bu;h'lhwpum,ﬁqlﬂinulhhjmiu-:-
dium,were determined.

A plot was then made of log permeability versus
porosities 1o facilitaie selection of suitable representative
sample for this study,

The sclected samples were evacusted and resaturaied
udnrmﬂthhmhﬁ;hwudy-
namically flushed with the oil to remove water until con-
ditions of “kreducible water saluration” were oblained,
then effectives permeabilities 1o oil were measured.,

On completion of the preliminary described sbove, the
Plugs were all flooded with simulated formation brine,

Aparmatus for messuring waterflood includes various
mummm.p%mm
plumbing (Figure 2).

I¥. DISCUSSION OF LABORATORY RESULTS

The initial investigations in this study have tested
339 core samples from 50 wells, from 33 oil ficlds from
cight sedimentary basins in the Indonesian region.

The resulis can be reviewed [rom two aspects, fimstly
tbe performance within a basin as shown in Tahle 2 and
then between ficlds as presented in Tabie 3.

lnlmmlﬁ:mhlhnu:wﬂmmﬂ
:ppmmaﬁ.?nw{smnm}mm
average residual oil satumation of 270 B PV (427 %
QIP ).

V. CONCLUSIONS

1. The tests showed that waterflooding can produce
ﬁgiﬂ::mlmmdlddithlﬂqﬂmqrﬁunnﬂ
reservoins in the Indoncsian arca, and particularly
for sand formations.

2. Further properly controlled and documented labom-
mﬁumummﬂummmmﬂt
mn:lﬂmdin;-u-m-ﬁrgnnhdnlhﬂmlf
established in ofl fields.

3. When deciding whether or not 1o use waterflooding
techniques reliable estimates of recoverable oil have
o be made ina comprebensive engincering cavalu-
ation in which over all reservoir chamcteristics are
muldnmdlllhﬁ;htﬂmudnﬁdp-ndml-
omic factors.

Table 2. Summary of oll recovery and residual oil
avernges afler flocding

Aver- | Aver- | Aver- | Aver-
Ma, Basins age Oil (age D5l |age Ol [hge Oil
Re- Re- Fe- Re-
covery | covery (covery |covery
SPV | %PV | % OIP |% OIP
M-Sumatm 8.1 8B5S | 495 | 304

L.

2. | C-Sumatra 379 | 321 | 541 | 459
3. | 5-Sumatm 475 198 | 706 | 294
4. | NE-Java 55 | 268 | 495 | 505
5. | NW-Java a1 M4 | 467 | 533
6. | Kutei 499 1210 | 675 | 324
7. | Natuna 382|213 | 642 | 358
B. | Salawati 42.1 | 330 | 561 | 439
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Table 3. Waterflood laboratory data
[
Total Ave, Ave. Ave. Ave., Ave., Ave. Total
Baslins Ficlds | Well Depth K Sew Oll=Ree| Sor Analys
{Fi} (ML) (%) % Pv % Py % Pv
. Sumatra A 1 5600 5 1.7 44.3 3461 19.6 T
B 1 3400 Q) 29.0 0.0 T 233 5
C 2 00 212 24.1 469 20,6 s 4
C. Sumatra A 1 T 1556 21.5 n2 40.3 .5 ]
B | 3650 1500 23.6 368 424 0.8 i
C ¢ 3225 710 223 202 3.7 311 24
D | 5750 2180 .7 T4 343 w3 3
E 1 4030 7 2.9 323 333 A 3
F 1 2170 1855 18.2 .7 ey 0.4 L]
G 3 2435 378 252 9 355 ] 12
H 2 2500 248 1.9 258 32 36.0 12
| 1 3200 2509 19.9 113 59 il8 L]
I 1 3420 S04 214 20.9 46.5 236 4
5. Somaira A 4 3800 o 216 I8 45.5 15.7 ¥
B 1 4100 290 18.5 38 416 4.1 k|
[ 1 4000 32 k¥ B ] 26,0 54.3 19.7 3
D 1 4030 e 1.9 323 333 4 3
E 1 2270 1895 18.2 L7 ETA 0.4 &
F 3 2435 iTe 251 3.9 35.5 s 12
G 4 2500 248 .9 258 k- A S 3650 12
HW-=Java A 1 4B00 a7 108 361 17.5 464 5
B 4 X300 k. 8. T 423 3.5 19.2 L]
c i 2900 8 7.8 273 359 358 [
D | 3000 36 30.0 3.9 09 .l 4
E 2 3400 1517 6.8 351 153 8.6 7
F 1 3100 19 4.6 46 1.2 k. 7 2
NE=Java A i 050 40 3.1 L6 e 0.5 3
B F | HERD 5 12.2 615 13.0 21.5 i
Kutei A 3 G000 35 204 346 46.9 18.5 43
B 3 4 250 130 235 ARG 7a 4.3 26
L 1 4700 1205 26.5 373 9.1 13.5 [
D 1 4650 1308 280 30.1 424 1.5 7
Natuna A 4 5700 15000 2.5 40,5 382 21.3 Z1
Salawali A 1 27125 10.1 26 8.6 429 28.5 3
B 1 5500 28.0 254 19.4 411 375 3
C 1 S5 47.3 1.1 266 40.3 331 3
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Tabel 4. Main oil-fiekds in Indonesia Status 1 Jan 1985
Basin Number of flelds | Productive formation | Capacity hopd | CUrulation prod
IM__' |
N. Sumatm 21 SST & LMST 118,700 530.00
2 €. Sumatm 88 5T 703,600 5,690.00
3 5. Sumatn 57 SST 62,200 1,680.00
4 NW. Jawa 50 SST & LMST 242,200 984.00
5 NElmwa 1 LMST ? 043
6 Bariio 5 SST 4,700 113.00
7 Kutei 21 SST 291,900 1,465.00
8 Tankan 4 SST 13,000 299.00
9 Sulawati 16 LMST 36,600 280,00
10 Bula 1 SST & LMST 760 13.00
11 W. Matuna 1 SST 11,400 44.00

Figure 1. Some of Indonesia tertlary sedimentary basins
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