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ARSTRACT
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meability and the matrix/Tracture flow coupling factor tion on fractures. Under such circumstances it may be
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150mD, Fracture porosity was between 0.03% o 0.12% B.C w

and o [lhuhnlrlhlhn-n'lllhptﬁcm},lu

infermed 1o be between 1 and 14, The old Jatibarang model The current study bas used some recent data on frac-

mhﬂmpﬂmhuilhnﬂh-mnnﬂmnnnd muhilﬂ‘ldhlpmuilyiermHuunﬂd

8.0 value of 0.00001; the implication of this is that there which approximates the reservoir description as known
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currendly, and sitempis bave been made 1o hisiory maich
the ficldwide total production data spproximately. The
pressure and waler culs have boen matched keeping the
well control on ihe oll production mie. Mo alempl has
been made 0 history match the gas/oil mtio or the indi-
vidual wells in the field. This was deemed unnecessary
since the new models are oaly approximations of current
dats from & small section of the feld, extended o the
whole field. Sufficient expericnce has been gained
through this small study 1o indicate the need for a fuller
data review,

C. Background

The Jatibarang field is sinuated 30 km 1o the northwest
of Cirebon in West Java (Fig. 1). Volcanic tafls and lavas
of the Jatibamng Formation form the major producing
zonc (Fig. 2). The volcanics reservoir occupics o culmi-
mation on & major easi-west trending anticline and is
bounded by two major faulis to the cast and west (Fig. 3).
il and solution gas are produced from ibe volcanics zone.
Most of the wells producing from the volcanics are bare-
ool completions, commonly producing from over 100m
of open hole.

Flow in the reservoir is thought to occur via natural
fractures. Fractures, solution vugs, and primary micropo-
rosity have been observed in core samples. The fmchures
and vugs can be approximated using the Kazemi repre-
sentation of a cube orslab model, This tion can
represent the frcture volume and model the primary
recovery process oaly. Secondaryftertiary Now pro-
cesses, where displacement of one phase by another is
described by relative permeability curves for fractures,
depend on the geometry of the Dow paths. To represent
the tortwosity of the actual fracture/vag Dow paths and
include insccessible dead-ends in some vugs these relative
permeatility curves should be amended 1o include resid-
uil saturations which are pon-zero, and ibeir shapes
changed 1o sccount for phenomens such a8 numernical
dispemion and coning, in the same way a3 pscudo-curves
are generted (rom matrix relative permeability curves. In
a full study on the field these pscudo curves should be
generted through the Intera PSEUDO package afier the
wsual 2D cross-sectiona] studies and coning studies. In the
limited scope of the current study these pseudos evolved
through history matching.

Figure 1 (from Nutt and Jujur Sirait, 1987)

. NUMERICAL MODEL

The model in the current study was hased on the model
developed by LEMIGAS in 1988. Initially only o (from
the Kazemi equation) and [racture permeabilities were
changed. However, it soon became apparent that this was
not encugh. The old model had been tuned in many other
respects beyond reasonable limits 10 match the production
data. Forexample the net pay was reduced o be an quarier
of what is clearly observed from log analysis data across
the field. There is no evidence 1o suggest thal the reservoir
formation with significant porosity is as small as is port-
myed in the old model. The previous o was 0.00001,
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Figure 2. Stratigraphy of the NW Java basia
(from Soewono and Setyoko, 1987)
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implying an inter-fracture distance of 1095m; this

coupled with fracture porosities of about 1%, would imply
fracture widihs that would be measured in meires. The

physical representation of the reservoir and the recovery
process in the old model may be more appropriaie for
modelling large hydrulically induced fractures in tight
formation. Although the current study atiempts 1o get
closer to modelling the reservoir description and flow
mechanisms, the input data have been the result of re-ana-
lysis of & very small section of the reservoir and the
interpretations bave been approximaied for the whole
Geld. We wish o emphasise that this study simply points
io the need for & fuller data review,

The following major changes were made 1o create the
cumend models:

L. a= 3

2. Fracture permeabilitics were copied from the original
matrix permeabilitics and multiplicd by a factor of
between 15 and 27.

3. Fracture permeabilities of some of tbe blocks with well
connections were aliered to belp in the history maich-
ing.

4. Fracture porosities were copied from the original ma-
trix porosities and multiplied by a factor of between
0,05 and 0.06.

4. Matrix porosities were reduced by faciors of 0.3 10 0.5.

5. Matrix permeabilities were reduced by & factor of
0.001.

6. Pscudo-relative permeabilities were alicred for both
the matrix and the fracture curves for all the three
phises,

7. The net pay was taken as 0.7 times the gross reservoir
thickness above the oil-waler contact.

8. The aquifer volume was varied between 2.13 x 10° and
426x10° m’,

9. Tnhi: squifer productivity index was reduced 1o 2.0 x
1

The models were run ina dual porosity mode allowing
fow between the fmcture and matrix sysiems bt none
between matrix blocks. The relative permeability curves
for the matrix were tuned W give pscudo-curves for history
malching. The use of pseudo-curves is necessary because
the old model for Jatibarang is a single layer coamse grid

model and numerical dispersion and gas/water coning
need W be cormecied for. In a full study these pscudo
curves should be generated through the use of rock curves
and cross-scctional studies for reservoir pseudos. Simi-
larly, well pseudos should be generated through the wse of
rock curves snd mdial well coning studies. The detaiked
procedure for pscudo-curve generation is beyond the
scope of the current study.

Pscudo-relative permeability curves were also derived
for the [ractures through history maiching. This was
necessary for three reasons. The fimt two are identical to
the above explanations for matrix pscudos, The thind
reason is that the physical Dow mechanism between ma-
trix and fractures in dual porosity models on ECLIPSE
uses 8 matriv/fracture fow palh structure that does mot
describe the Jatibamng fracture system fully. Three phase
flow in the complex geometry of fractures and vugs ob-
served in the Jatibanang volcanics cannot be accurately
described by the Kazemi cube/slab model. The dead ends
in a large proportion of the vugs will result in residual
saturations of all phases frequenting that space, and re-
coverable reserves will be subject 1o slow matrix influx
displacing the vag space.

Four models (named Jatnew], Jatnew2, Jatnew3 and
Jainewd) were built and history maiched within two
months. History matching concentrated on matching the
ficld pressure and the total feld water cuts. Very linle
attempt was made to match the gas curve. This could be
a subject of the next study on Jatibarsng. The major
difference between the first three models is the matrix
porosity reduction factor (sce Table 1). Minor .
“!Mhﬁmwhﬂ.ﬂr.ﬂmﬁrm#|
the best history maich possible. The pressure data were |
inferred from well test analyses done a long time ago. |
Recent studics using mdial models on three wells (Thawer
etal. 1992) revealed reservoir pressure that was gesenlly
higher than previously thought. These three new data |

points have been included in the pressure graph (Fig. 5)
where  final comparison is made between the bes: of the

new models (Jatnewd), the observed dats and the old |
medel,

The input data for the four new models Jatnew] . dat,
Jatmew2.dat, Jainewd.dat and Jatnewd.dat are siored on
the VAX at LEMIGAS. The best case, Jatnewd, is bascd
on Jatnew? except that the aquifer volume has been re-
duced,

A two dimensional top view and & three dimensional

representation of the grid arc prescnied in Fig. 4 The |
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Figure 4. Top 2D and 3D views of the grid for the Jatibarang model
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curves in the new models sre

ina table. The complexity is compounded by the changes very different from those used in the old model.

ing to the final result. However, Table 1 does act as an

approximale guide 1o 1he major differences between ihe

being interdependent on esch other snd joinily contribut-
marised in Table 1. There are too many parameters within models. Tt should be noted that the matrix and fractare

Figure 5. Avernge reservolr pressure versus Hme for Jatnew 4 and Old-model

history matched results of the best model (Jatnewd) are
presented in Figs. 5 0 13, The main differences between

the new models compared with the old model are sum-
a reservoir model 1o allow an sccurate, bricf, comparison pseudo relative
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Table 1. The main difference between the Jatibarang full feld simulation models

Model name Old ~model | Jatnewl Jatnewl Jutnewl Jatnew]
DINET=DZx — around 0.15 0.7 0.7 0.7 0.7
Matrix porosity multiplier on base
matrix pomsitics —= 0.58 05 035 03 035
Matrix permeability multiplier
on base matrix permeabilities —» 05 0.1 0.1 0l 0.1
Fracture porosity multiplicr on base
matrix porositics — 0.01 10 03 0.05 0.06 0.05 0.06
Fracture permeability multiplicr
on base matrix permeabilitics —+ arvund 6000 15 15 27 15
a— 0.00001 3 3 3 3
Aquifer volume (m*) —» 213x10° | 426x109 | 426x10° | 426x10° | 25x10°
Productivity index for squifer —> 1ox10' | 20x10° | 20x10° | 20x10° | 20x10°
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Figure 7. Oil total production versus time for Jatnewd and Old-model
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Figure 13. Water cut versus time for Jatnewd and Old-model

III. DISCUSSION OF RESULTS FROM THE
HISTORY MATCHING

The best history maich was achicved using model
Jatmewd; results are compared with those from the old
maodel (Figs. 5-13).

As the history matching of the production data pro-
gressed it became clearly evident that the bulk of the net
pay zone, and conscquently the oil in place within the
matrix, bad not been fully accessed by the wells or the
network of fmctures connecting these wells. The best
maich was obtained when the matrix porosity was reduced
by a factor of 0.3. This panly explains the difficulties
encountered previously whea history matching using the
old model. Then, attempls were made 1o reduce connec-
tion to large reserves of ofl by reducing the net pay by a
factor of 0.95 and reducing the inter fracture - matrix Dow
1o almost nothing (0 =0.00001). The common conclusion
from previows and current studies is that a good history
match cannot be obtained if good connections are made to
all the available oil in the pore space within the matrix.

The old model maintained & finite matrix 1o matrix
flow. Thus the early oil came mostly from the fractures
and the late oil from the matrix with large water cuts from
aquifer water Dowing through (mctures. In the current
models matrix permeability bas been reduced 1o almost
nothing as per recent well-test analyses results, however
inter fracture - matrix fow has been maintained via o,
Thus in the current model most of the early fow of oil
also came from the [ractures; however, the late oil which
comes from the matrix flows 1o the wells via [mciures.
Herein lies the essential difference between the previous
and the carrent studies. We believe the curment me<han-
ism 0 be more comect for Jatibarang. Even though the
end result is similar, its derivation i imponant because a
better representation of the fow mechanism for the ol will
allow & more accurile testing of different production
scenarios o improve ol recovery in Jalibsrang in the
future. It scems that o large portion of the matrix oil is
being by-passed through ineflcicnt aquifer wates dis-
placement. Water from the aquifer is moves mpidly
through the fracture system by-passing the matriz oil
Waier and gas coning in wells has not been addressed in

£

LEMIGAS® SCHENTIFIC CONTRIFUTIONS 1703




THAWER, A. and SYAHRIAL, E-

A CARCHK-LOOK SIMULATION

the current study; bowever (hat also results in ine[Mcient
sweeping of the reservoir. Water and gas coning s

0 oocur in many of the wells in Jatibarang and it
is easential that well pseudos should be derived Lo describe
this inefficient sweeping of Uhe reservoir.

A. Scope of future work

Future work should therefore stan with & review of the
geological data, log analyses, core analyses and well test
amalyses. A three layer simulation model should be con-
strucied, prefenbly using the Inters GRID software. This
should be followed by 1D cross-scctional studies of the
reservoir 10 gencrile reservolr pacudos. Wells producing
high water 1o oil and gas 1o oil mtios should be considered
for coning studics using mdial well models, and well
pecudos derived. The shape of well pscudos from a few
such wells may be sufficient 1o allow approximale pscu-
dos 10 be created for other wells throughout the reservoir
without further need for coning stedics. Having input
these parameien into the full ficld model, mning should
be constriined o small changes in o , mcture per-
meability and porosity, matrix permeability and porosity.
These parameters need to be tuned because the informas-
tion on them is limited 10 & small area of the reservoir.
Such & model would be closer to describing the plysical
flow process in the Jatibarang Volcanics.

The model could also act as a starting point for evalu-
ating different production scenarios for improving the oil
recovery process, and belp increase mecovery from the
ficld. For example, s sample small section of the reservoir
could be fine gridded and the feasibility of borizontal
drilling om recovery in that section evaluated. The target
arca would need 1o be one where the wells have high water
cuts and gas to oil ratios quite carly in their production life;
which suggests a significant by-passing of reserves. Hori-
rontal drilling would reduce steep pressune grudicnts for
production and at the same time increase reservoir sweep
near the well-bore. Both these effects would tend 1o
reduce the waler and gas coning into the well. These
concepts can be simualated, and the magnitude of the

oa latroducing a borizontal well evaluated
using the "borizontal well option” on ECLIFSE currently
available in LEMIGAS.

IV. CONCLUSIONS

1. Resulis from current studics indicale that much of the
reservoir bulk porosity is inscoessible through current

production practices. There is a potential for im-
proved recovery.

Two versions of a full field Jatibarang model have
been cresled from the old grid structare and using the
currend geological understanding of the reservoir from
log and well-test analyses on & small number of wells.
The differences between the old model and the current
iwo have been documented.

. Previous changes to the old model to oblain & history

maich with production data cannot be justified on the
basis of our current understanding of the reservoir
deseription.

The two current models must be viewed as approxi-
mations for 8 more extensive review of the reservoir
in fature studies.

« RECOMMENDATIONS
. It is very likely that more of the original oil in place

could be accessed 10 add 1o the reserves, through a
combination of borizontal drilling and frscturing. A
finer grid, multi-layer model is needed o test the
economic feasibility of this concept.

A full field review of the reservoir geology and engin-
ecring dala is needed.

. A mew model needs 0 be constructed, based on our

current understanding of the reservoir.
Pecudos, needed for coarse grid models, must be
gencried scicntifically mitber than tuned for & history

maich, although it is accepied that final fine-tuning is
unavaidable.

. The scientific approach W gencmting reservoir psey-

dos involves fine grid 2D cross-sectional studies in X
and Y directions of the grid within the main producing
section.

Pseudos for wells with high water and gas: cuts should
be generated through the use of coning studies on fine
grid radial models.

. Improved oil recovery using borizontal drilling in

wells with high waler/gas cuts should be tested on
three dimensional sector models.
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