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RESERVOIR SIMULATION STUDY OF PWF
(PATERN WATER FLOOD) IN M FIELD IN INDONESIA

Reservoir simulation is considered to be the most important forecasting tool available to the
reservoir engineer since it considers much more geological and reservoir data than any other reser-
voir forecasting technique. Consequently, reservoir simulation puts forward greater data require-
ments than other techniques. The basic elements of any reservoir simulation study are defining the
study objectives, gathering and analysing data, constructing the reservoir simulation model, history
matching the simulation model, running prediction cases and reporting. Based on the simulation
study, analysis and interpretation in the M Field in Indonesia, it was found that with a certain as-
sumption, the history matching is pretty close to the real conditions. The Vertical producer with
water injector gives higher oil production; slower pressure decline and pretty similar Oil Effi-
ciency. Horizontal producer well give better oil recovery and higher Oil Efficiency in comparison
with Vertical producer as well as the feasibility study indices.

MonenupoBaHue IJIacTa-KoJUIEKTOpa CYUTAETCsl Hauboiee BaXKHBIM HHCTPYMEHTOM HPOTHO-
3UPOBAHUS, JOCTYITHBIM HH)KEHEPY-Pa3padOTUNKy HE(DTIHBIX U Ta30BBIX MECTOPOXKACHHH, TaK KaK
OHO YYHTHIBAET 3HAYUTEIHHO OOJIbIlIEe KOTMYECTBO I'EOJIOTMYECKUX TAHHBIX U POMBICIIOBBIX ITa-
paMeTpoB, YeM IMPOYME TEXHOJOTMH NPOTHO3UPOBAHMS CBOMCTB KOJUIEKTOpa. MopenupoBaHue
IUIACTa-KOJJIEKTOpa BBICTABJISIET OoJiee JKeCTKUEe TpeOOBaHUsI K MCXOIHBIM JIAaHHBIM, 4eM Jro0ast
apyras TexHonorus. OCHOBHbIE 3JI€MEHTHI JIF000r0 MOJENUPOBAaHUS IIACTa-KOUIEKTOpa Ompe/e-
JISIFOT LM U3Y4YeHHUs, COOMpaeMble U aHAIN3UPyEMbIe JaHHBIE, TOCTPOSHHE MaTeMaTUIeCKON MO-
JIeM IIacTa-KOJJIEKTOpa, aJalTaliio MaTeMaTHYECKOH MOJENH, IPoBeJeH)e NPUMEpHOro mpo-
THO3MPOBaHMS U OT4eTHOCTH. OCHOBBIBAsICH HA MOJIETUPOBAHUH ILIACTA-KOJJIEKTOPA, aHAIIN3E U
MHTEpIpEeTaLUH JaHHbIX 1o MecTopoxaennto M Field B Inaonesnu, Obl1o 0OHApy»XeHO, YTO MpH
OITpEe/IeTICHHOM JIOMYLIEHUH aJalTalysi MOJCIN 3HAUYUTENHFHO NPHOIKAETCs K PealbHbIM YCIIO-
BUsIM. BepTukanbHble BoJOHAarHETaTENbHBIE JOOBIBAIOIINE CKBAKUHBI JIAIOT OOJiee BHICOKYIO Hed-
Ten00bIdy, Ooee MeUIEHHOE IaJieHUe aBJICHU U CXOJHbIE IoKa3aTenH 1o 3¢ dexTuBHOCcTH. ['0-
PHU30HTANBHBIE TOOBIBAIONINE CKBaKUHBI O0ECIEUMBAIOT BBICOKWI KO3(dUIMEHT U3BIEUEHUS U
BBICOKHE TMOKazaTenan 3((EeKTUBHOCTH 10 CPAaBHEHHIO C BEPTHKAJIbHBIMU CKBR)KHHAMH, & TaKXKe
BBICOKHE ITOKa3aTeN! TEXHUKO-9KOHOMHYIECKOT0 00OCHOBAHHUSL.

Introduction

M Field is the largest water flood filed in
South Asia, with current production around
100,000 BOPD, average water cut 98,5 %. This
field was produced since early 1950 that oper-
ated by X in Indonesia. In mature water flood
field, the production declining problem is a big
challenge for the engineer. In this paper, I have
doing the reservoir simulation study in this ma-
ture M Field with depletion characterizations to
see the effect water influx as well as the applica-
tion of horizontal well in order to see beneficial
effect from both technically and economically
point of view in this particular reservoir.

History Matching

To predict the better and accurate future
performance as well as to present the current
pressure and saturation state of the reservoir, the
history matching was needed to be performed.
Production and pressure data are two main com-
ponents in this matter.

Case Analysis

Compare Case 1-Base Case: Produce with
Depletion (no water Injection well) with Case
2-Case with water Injector well to see the dif-
ferent performance in real case (Depletion) in
comparison with water injection existence.
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Datum Pressure vs Time
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1 — Datum Pressure vs Time; 2 — FPR; 3 — Linear (Datum Pressure vs Time)
Figure 1. Pressure History Match

History Matching (FOPR & FOPRH) for case 1 (Base Case)
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Figure 2. Oil Rate History Match
Field Pressure Rate (FPR) for Case 1 & 2 (with and without Water Injection)
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Figure 3.FPR for Case 1 & 2 (with and without Water Injection)
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Figure 4.FOPR for Case 1 & 2 (with and without Water Injection)

Field Oil Efficiency (FOE) for Case 1 & 2 (with and without Water Injection)
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Figure 5.FOE for Case 1 & 2 (with and without Water Injection)

Field Pressure Rate (FPR) for Vertical & Horizontal Well
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Figure 6. FPR for Sensitivity Analysis (Horizontal & Vertical Well)
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Field Oil Production Rate (FOPR) for Vertical & Horizontal Well
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Figure 7. FOPR for Sensitivity Analysis (Horizontal & Vertical Well)
Field Oil Efficiency (FOE) for Case 1 & 2 for Vertical & Horizontal Well
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Figure 8. FOE for Sensitivity Analysis (Horizontal & Vertical Well)
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Figure 9. Incremental NPV (Horizontal Well and Vertical Well) for Worst Case
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INCREMENTAL NPV (VERTICAL & HORIZONTAL WELL) BEST CASE
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Figure 10. Incremental NPV (Horizontal Well and Vertical Well) for Best Case
Sensitivity Analysis: for horizontal well, hence lower water produc-

Compare Analysis 1-Base Case with
Analysis 2-Horizontal well, Produce with De-
pletion to see the different performance of dif-
ferent well perforation type, Horizontal well in
comparison with existing Vertical well.

Preliminary Feasibility Analysis

Feasibility analysis was done using eco-
nomical aspect in order to obtain the Net Present
Value (NPV) for both cases with Horizontal and
Vertical Well.

Conclusion

The main significant effect we might see
from the short term prediction is that water in-
jection will give water support and maintain
reservoir pressure from being dramatically de-
creasing. Any predictions made without the
presence of water injection gives lower result in
oil production and efficiency and reservoir
pressure goes down very quickly.

Horizontal well give better results com-
pare with vertical well. The oil production rate
yet the oil field efficiency give higher number

tion has obtained in result as giving in water cut
trend. Postponed water coning behaviour, the
horizontal well also proven as a pressure
maintainer as shown in slowly decreasing of
average reservoir pressure. The calculation
shows that the Net Present Values (NPV) for
both best case and worst case scenarios show
a positive value for Horizontal well imple-
mented in M Field over implementing Vertical .

Acknowledgments

The author thanks Professor Jon Kleppe
(NTNU) and Jan Ivar Jensen for being her
advisors during this study and Andi Bachtiar
(M Field, Indonesia) and Mudji Prajitno for
giving her the chance to use the data for the
project.

LITERATURE

Calvin C. Mattax and Robert L. Dalton.: «Reservoir
Simulation Monograph Volume 13».
Whitson C.H and Brule M.R.: «Phase Behaviour», SPE

Monograph Series, ISBN 1-55563-081.

53

Cankm-Ilemepoype. 2007



