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ABSTRACTS

permeabilisy, Cmmﬁhmlndﬂhimﬂﬂﬁrpmh&ﬂ-upmnﬂpﬁmyhd&pdmdmfwﬂ'
porosity endjor multiphase flow in a reservoir. However, vertical phase segregation,
a fracrured reservoir, cannot be accounted for. In the current study, it was observed that the values of fracture permeability
and the matrix - fracture coupling factar were derived were more realistic than thase
techniques. Three wells in the Jatibarang field were modelled in this
permeability in the range of 20mD to 150mD, fracture porosity between 0.03% 10 0.12% and (also known as the masrix
shape factor) between | and 14. Build-up data from the three wells are documented to allow further analyses and
mﬁudmmimh&kdmm&ﬁlwn

ﬂhmﬁdmmrﬂmﬁrﬁmﬂwhaﬂhhmmehhm wring current log and
well test analyses rechniques. The reservoir engineering simulation model should then be updated to incorporare the mew

comeentinnal

description.
L INTRODUCTION

The Jatibarang Geld is siruated 30 km northwest of
Circbon in West Java (Fig. 1). It lies near the eastern end
of the Nonthwest Java Basin. The major producing zone
hmmuqrmm-wmmmzpmm
of tulls and lavas which are of Eocene 1o Oligocene age.
The volcanics reservoir occupies s culmination on s major
casl-west trending anticline and is bounded by two major
faults lo the east and west (Fig. 3).

Gil and solution gas are produced from the volcanics
zone. Flow in the reservair is thought to occur via aatuml
fractures. Most of the wells producing from the volcanics
are barefoot completions, commonly producing from over
100m of open hole, Previous studies bave used
codventional analysis of well test pressure build-up data
to obtain values for fractiure permeability and
malrix-fracture coupling (). It was fell ihat these analyses

likely to oceur with solution gas in

inferred from previous studies using
way: the results indicate a fracrure

did not yield results that correlated with core data and
drilling experience. The values of fmcture permesbility
and derived did not seem large enough to result in the Jost
circulation during the drilling of mosi of the wells into the
volcanics, despite the extremely low permeability of the
matrix rock. Pan of the problem Ia previouws analyses may
bave been due 1o inbomogenelty of the reservolr near the
wells (e.g. shale breaks, faulting). Another complication
may bave been three-phase fow and vertieal segregation,
which cannot be accounted for in conventional snalytical
solutions.. This prompted the study usirg s sumerical
model, in which these complications could be
Incorporated.

Alter reviewing all the 1est data From the ficld,
build-up tests from three wells, JTB-105, JTB-175, and
JTB-190, were identificd as being of long enough duration
for botl fractures and matrix to bave sigrificant effects,
These were therefore selected for single well modelling,
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with the objective of obtaining more realistic values for
fracture p:mnhm-_v.r and porosity, and matrix-fracture
coupling.

1. POROSITY TYPES IN THE VOLCANICS

Core data were not available for any of the wells under
study. Two cores were taken in well JTB-113, 1.1km
mortbeast of JTB-190 (Fig. 3), and a full set of core plugs
was available from these. XRD analysis and thin sections,
made from sclected plugs, show that the lithology in
JTB-113 is felsic wil. Most of the porosity visible is
solution porosity, resulting from leaching of feldspar
pbenocrysss (Fig. 4, Fig. 5). Microfmctures are also
present (Fig. 4), but most of their porosity bas been inlilled
by chlorite and quartz minemlisation. Microporosity i
locally present in the groundmass (Fig. 5). Core analysis

yiekled porosity values ranging from 1% to 22 (svemge.

10%). Measured permeabilitics are low, generally less
than 0.1mD, indicating that matrix permeability must be
very low,

I, LOGANALYSIS

Comparison of log responses in the volcanics section
in JTB-113 with the wells under study suggests that the
lithology in all four wells is similar (Figs. 6 - 9). XRD
analysis of JTB-113 core plugs shows that the major
constitucnts are alkall feldspar (sanidine) and quanz.
Lesser amounts of clay minerals (cblorite and
illite-smectite) and plagloclase feldspar (oligoclase) are
also present.

Porosity was calculated at 0.25m depth intervals using
a three mincral model: clay, alkali feldspar, and
quartz+plagiociase (1be log responses of quanz and
oligoclase are sulliciently similar for them o be freated
together as one component), The method used is explained
in detail in Doveton, 1986, Chapter 6, Lincar equalions
relating bog response 1o minerl proportions were sel up
for each porosity log:-

Bulk Density:
RHOB= RHOBcL Ver+RHOBAF VaF +

RHOBgp Vor+RHOBFL POR
Meutron Porosity:
NPHI= NPHIcr VersNPHIAF.Vars
NPHIge.Vor+NPHIg POR
Gamima Fay:
GR=  GRcL.VorsGRar.Vars
GRop.Vor+GRrLPOR
Unity Equation:
1=Vep + VareVope PFOR

~where VoL, VaF, Vgr, POR are the proportions of
clay, alkali feldspar, quartz+plagioclase, and porosity
(ibese should sum 1o 1, yiclding the unity equation);
RHOBcL, RHOBAF eic. are the log responses for each
of these componenis.

This set of simultancous equations was then converted
imto matrix form:

RHO RIHOBAr RHOBger RHOBFL\ (Ver

NPHI | | NPHIcL NPHIAF Hi'l'ﬂgr -'mﬂ'n Var

El-'i‘ GRct  GRaF nl'
1 1

which in matrix notation may be expressed as:
L=CV¥

This can be solved to oblain (he minen] proportions
and porasity contained in matrix ¥ by multiplying the log
response matrix L by the inverse of the componeat log
response malng C 1

v=ClL

The mineml log respanses in matrix C may be trested
a8 constapts. Standard values were used foralkali feldspar
and quanz density and neutron porosity. Alkali feldspar
gamma @y was estimated from the magimum gamma
reading (corrected for borehole effects) in the area uhder
study, Clay pammeters were estimated from the shale
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section immediately overlying the voleanics, The pore
fuaid was taken 1o be fresh water, which gives
approximaicly lhe same response as the brackish mud
filtrate with Jow residual oil sawration sctually present in
the invaded zone in the volcanics. Log analysis
pammetem are listed in Table 1.

If the miner] model used fs inaccurate (c.g. due to the
presence of additonn] minemls), the above method may
yield pegative proporttons. Occasioma] ermom of this son
were noted. To optimize the mode] used, the component
gamma my responses were varied until values yielded s
minimum sum of negative poportions for each well, The
gamma ray response equation is probably the least
accurate, because the gamma response may be
significanily affected by radioactive sccessory minerls
and uramium in the fonnation. Spectral ganuna was nol
rin b any of the wells studied,

This method was initially tried out for well JTB-113.
Calculated porosities were in close agreement wilh
measured core porosities. Water saluration was
calculated using the Indonesia equation, with standard
values for the Archic parameters (a=1, m=2, a2}, Log
analysis results are shown in Figures 6, 7, and 8.
Calculated average porosities for ITB-105, ITB-175, and
JTB-190 are 8.3%, 8.9%, and 11.9% respeciively, with
wiler saturstions of S8.5%, 35 8%, and 52.0% .

An LDT was run in JTB-190, and the PEF curve from
this was incorporsied the porosity Nithology caleulation 1o
give more accunte lithology determination. Because of
the extra response cquation for PEF the lithology model
for this wll was overdetermined, and tbe log response
equations were solved using a least-squares best fit. In
matrix form this is:

Because each porosity log is scaled in different urifts,
the log response equations were sormalized for this well,
50 that tbe mnge of mineral respomse cocllicients was
roughly the same for cach equation, before calculating the

best fit. Thus the result was not biased towards logs scabed
in higher units, such as the gamma my. The weighting
factom wsed were 171,71 for RHOB, 1 for NPHI, 1/500 for
GHR, and 110 for PEF. The unity equation was givenan
arbitrarily high weighting of 100, 1o ensure that the
calculated proporions sammed 1o one for each depib
interval.

IV, GEOLOGICAL MODELS

Seivmic data were not available for the current study,
g0 geological interpretation In the area of interest was
hased on well dats only. Structural dips appear o be low
{less than 7 degrees, typically 3 - 4 degrees ) near the wells
modelled, so the top of the volcanics was treated as being
horizontal in each model. Well log interpretation
indicated s shale break within the volcanics in wells
JTB-105 and JTB-175 (Figs. 10 and 12); this was
correlated with the surrounding wells (Fig. 13), and
incorporated into the single well models as a
transmissibility harrier, borizontally covering ibe whale
ares of each model. The thickness of this shale break i
berween fmand 15m in the vicinity of the tao wells under
study. The presence of a fault in the vicinity of JTB-190
was inferred from missing section in the Talang Akar
Formation overlying the volcamics, the U sandstone
being absent in this well (Fig. 14). The missing section
was calculated (o be 54m, implying  similer vertical
displacement on the fault, down-faulting Talang Akar
Formation shales sgainst the volcanics. This was
incorporated in the single well model by setting the blocks
cormesponding 1o downthrown Talang Alkar shales as
(nactive, Some minor fuls shown on the top voleanics
map (Fig. 3) are not sbown on lbe cross sections (Figs. 13
and 14) snd were not modelled. Porosities caleulated
from log analysis were incorporated into each model. In
the case of JTB-190, log analysis results indicated little
variation inporosity inthe volcanics section, soanavenge
value was used for all the grid blocks. For wells JTB-105
and JTB-175 more variation in porosity was evident, so
mode] layers were based on log character, and assigned
corresponding calculated parositics.
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V. NUMERICAL MODELS

The geological model for each well was translated into
a radial segmented numerical model in ECLIPSE. Matrix
porosities were oblained from the log analyses of the
wells. Since reservoir core was not available for these
wells, first estimates of the matrix permeabilities were
taken [rom core amalyses dome (LEMIGAS and Core
Labomtories Inc. 1975) on core from the same formation
in & nearby well ( JTB-113). These were subscquently
tuned to infer the matrix permeability from history
matching the well test data. Fracture permeability,
fracture porosity and (from Kazemi's numerical model,
which used ibe matrix - fracture shape factor 10allow fow
calculations between matrix and [rmctune) were also used
as tuning pammeiers, The model was run in a dual
permeability and dual porosily mode allowing flow
between matrix blocks as well ss between the fmcture and
matrix systcms. Build-up data recorded in the [ield for the
three wells studied are presented in Table 2. A cross
section of the radial well model in Fig. 15 illusirates the
different pressure response in the matrix blocks and the
surrounding fmcture system (rom one time step 1o another
during production prior to shut-in and build-up lesting.
The ECLIPSE input data file for JTB-103 is included in
Appendix 1.

¥I. DISCUSSION OF RESULTS FROM
THE HISTORY MATCHING

The history maiched resulis for the three wells are
displaved in Figs. 16, 17 and 18. The carly time data is
obscured by well-bore stomge and should be ignoncd.

The fmacture and matrix permeabilities, porositics and
sigmas for the best matches are compared with resulis
ftom conventional anatyses done previously (LEMIGAS
report, 1988), and with properties derived [rom log
analysis, in Table 3. The numerical model implices a larger
fracture permeability and & higher degree of fmcturing
than conventional techniques. 'We also chserved that the
corc-derived matrix permeabilities were too high 1o

provide a good match, and these were subsequently tuned

down.

Current resulis corrobomte the speculations on reasons
for the losses in circulation observed whilst drilling most
af the wells into the volcanics. They would also belp 1o
comect the inexplicably large fracture permeabilities used
to compensafc 8 low value employed im previous
reservair simulation studies, because oil production raes
could not be maitched wsing the [mcture permeabilities
inferred from previous well iest analyses,

To get an idea of the implications for fracture geometry
of these mesults, valoes for fracture spacing and [ractum
width were calculated based upon the best fit values of
fracture porosity and o. Fracture spacing and may be
related via Kazemi's equation:

Rtil.. -3
Om i | —p—b—
@)
~-where dx, dy, and dz arc the (mcture spacings intbhe x,
¥, and # directions.
Ifa “cube® model is assumed (i.¢. three ortbogonal sets
of equally spaced identical parallel fractures), then this
equation reduces 1o

ks iy 9
d a

.where d is the fracture spacing in metres.

If & “slab® mode! i assumed (ie. identical parallel
evenly spaced fractores) then the Kazemi equation gives:

4 z
LT-F Ih:rerwn‘-?;

Sabwstitation of best fit values of into these equations
values yielded implicd [racture spacings of between 1.7

SCIENTIFIC CONTRIBUTION 1/%2



THAWER, FL, SARGINGON, M., SYAHRIAL E

and 3.5 metres for the cube model, or between | and 2
metres for the slab moadel.

For the cube model, the equation relating fracture
poroaity o fraciure spacing and width s

ﬁr-l—-[“_"] nw-diil-ﬁﬂa-ll

~.where F is the fracture porosity (fmctional), and w is
the fracture width in metnes.

For the slab model, the comesponding equation is:

d.dp

thereforw = oy

W
b

Using these equations with the best fit values of
fracture porosity, fracture widths of between 0.2 and 0.8
mm were calculated for the cube model, and between 0.4
and 1.4 mm for the slab model. Resulis of these
calcalations for all three wells are shown in table 4.

Microlractures seen in the core samples from JTB-113
were typically about 0.1 mm in diameter, maging up o
0.5 mm. Thus the fracture widihs implied by the models
are in reasonably close agreement with observation. The
slightly higher fmcture widths calculated from the
ITB-175 best fit may indicate the presence of larger
fractures (than those seen In core plugs) andfor vugs
connected o the fmcture sysiem. Thin sections from
JTB-113 show evidence to support the latter hypothesis:-
secondary porosity B commonly developed in leached
feldspar crystals adjacent to microfractures. When two or
three phase flow occurs, some of these pores may be
by-passed as dead cnds. This needs 1o be refllected in the
recovery mechanizm, and is best imtroduced as
sdjustments on the relative permenbility curves for the
fractures,

The distance between microfmctures seen in thin

sectiond i gedenlly o few mm; two onders of magnitude
smaller than the inter-fracture distances implied by the

WELL TEST AMALYSES ON JATIBARANG vﬂ.ﬁlﬁllﬂ

models. However most of the microfmctures seen w
scaled (with quaniz and chlorite mineralisation), wherea
the inler-friciure distance calculated from the mode
reflects the spacing between open fmctures only.

The fmcture spacings and widths implied by the valu
of fracture porosity and used in a previous simvulatio
model are also shown in Table 4. 1t is evident that both the
fracture spacings (more than 600 m) and widths (ma
than 5 m} are unfeasibly large.

VIL. SENSITIVITY STUDIES

In the absence of direct measurements of fractus
permeahility and porosily, it is useful 1o observe Il
intersction of these two parameters for future reservo
history matching studics. It was observed for our
than wien the two were vaned inversely the only observe
difference lay in the carly time build-up. This means
near well reservioir pressure dmw-down could be ma
by & straight swap between the two, everything else being
equal, excepl during early build-up time when well-bom
stomge alfects pressure build-up and therefore does not
allow us 1o distinguish the difference between the
parameters, Fracture permeability and porosity are 1
interchangeable since absolute values in practice e
nod be assigned 1o either. This Interdependency wa
useful in allowing us 1o consimin and focus the tuning 8
subscquent history matching on full field reservol
studies, Figure 19 is an illustrtion of such a direct swi
Ideally fracture porosity shoubd be measured using curre
advanced logging tools, beaving fracture permeability o
a parnmeter for uning.

A similar relationship was observed between sigl
and matrix permeability at very bow values of matris
permeability,  Matrix permeability valwes of less th
0L001 mD could be varied inversely wilh sigma causi
no change in the build-up curve. A change in sigma alo
changes the shape of the build up curve with very lind
movement of the end points (Fig. 20). Atbigher values of
mualrix permeability the shape and the pos-tion of the cury
changed as would be expected from s change in sign
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together with s change in the wotal permeability of the
system. Figure 21 is an lllustration of such a swap. The
increase in matrix permeability led to s very small shift in
the pressure curve indicating a small flow contribution
from the matrix. The response was equivalent fo a
fractional increase in the fmcture permeability. These
observations led us 1o believe that it was possible 1o
spproximate a dual permicability -dual porosity mode] for
very low matrix permeability formations by wsing dual
porosity only and adjusting sigma and fracture

permeabilities/porosities.

The sbove two melationships will serve 1o reduce
significantly expensive computer run lime for full fGeld
reservolr simulation studies, Care should be exercised
when swapping matrix permeability for sigma, because
this is only valid st very low values of matrix permeability.

Finaily, it should be noled that the inferred reservolr
pressure from these studies was higher than that from
previous analyses on all the three wells, These results will
provide s starting point for building a new reservoir model
for Jatiba mng.

VIIL CONCLUSIONS

1. With the belp of reservoir geology based on current
log analyses, single well numerical models with a
radial geometry were built for JTB-105, JTB-175 and
JITB-190. History matching of well lesis was success-
fully completed.

2. Results have revealed sigma, fracture and matrix vol-
umetrics/Mow properies very dilferent from previous
studies and in line with current interpreiations of the
reservoir geology.

3. Semaitivity studies on the interplay of reservoir fow
propertics have revealed relationships that will in-
crease efficiency in future full field simulation studies
on Jatibamng.

IX. RECOMMENDATIONS

1. The log analyses of all the wells in Jatibarang need
reviewing.

2. The genenal reservoir geology needs updating.
The well-test analyses in all wells need o be updated.

3.

4. An updated simulation model should be built for Jati-
barang incorporating current interpretations in the
reservolr descriplion.
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together with & change in the total permeability of the
syslem. Figure 21 is an illustration of such a swap. The
increase in matrix permieability led bo a very small shift in
the pressure curve indicating & small flow contribution
from ibe mainx. The response was equivalent o
fractioml increase in the fmcture permeability. These
obscrvations led us 1o believe that it was possible o
approximate a dual permeahility-dual porosity model for
very low matnx permeability formations by using deal
porosity only and adjusting sigma and (maciure
permeabilities/porosities.

The above two relationships will serve 10 reduce
significantly expensive computer run time for full Geld
reservolr simulation studies, Care should be exercised
when swapping matrix permeability for sigma, because
this is only valid at very low values of matrix permeability.

Finally, it should be noted that the inferred reservoir
pressure from (hese studies was higher than that from
previous snalyses on all the three wells, These resulis will
provide a starting point for building a new reservoir model
for Jatibamng.

VIIL CONCLUSIONS

1. With the belp of reservoir geology based on current
log anmalyses, single well numerical models with a
radial geometry were buill for JTB-105, JTB-175 and
JTB-190. History matching of well lests was success-
fully completed.

2. Results have revealed sigma, fracture and matrix vol-
umetrics/Tlow properties very different from previous
studies and in line with current interprelations of the
reservoir geology.

3. Sensitivity studies on the interplay of reservoir flow
properties have revealed relationships that will in-
crease efficiency in future full ficld simulation studics
on Jalibarmng.

IX. RECOMMENDATIONS

I. The log analyses of all the wells in Jatibarang need
reviewing.

2. The geneml reservoir geology needs opdating.
3, The well-test analyaes in all wells need 1o be upda
4, Anupdated simulation model should be bulli for
bamang incorporating current interpretstions in U
reservoir descriplion.
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Table L. Log analysis purameters

WELL No. JTE-108 JTR-175 JTB-1%0
POROSITY LOGS FDC-SNP-GR FDC-CNL-GR LDL-CNL-GR
RESISTIVITY LOG SIES-PML-ML ISF-MSFL ISF-MSFL
BULK DENSITY (5G):
Clay 156 2.6 25
Alkali Feldspar 252 252 2.52
Cuanz 264 264 2564
Pore Flukd 1 1 1
NEUTRON POROSITY (PU):
Clay 39 35 13
Alkali Feldspar 2 3 3
Quariz -1 2 -2
Pore Fluid | i 1
GAMMA RAY (API):
Clay 130 130 130
Alkali Feldspar 300 280 300
Quanz 0 (1] 20
Pore Fluid i (i 20
PEF (bams/clectron):
Clay - - 5.11
Alkali Feldspar - . 286
Quartz - . 189
Pore Fluid - - 0358
RESISTIVITY (ohm.m]:
Rw @ 27C 022 0.3 022
Reclay @BHT 2 3 3
SCIENTIFIC CONTRIBUTION
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Table 2. Measured data during well-test pressure build-up

ITB-105 {! JTB-175 (aln‘l.d lg
allnu-ln.'d-rhnmr oll rate = 1m”/day from oll rate = 2m”/day from zone
2209m to I310m. 1075m o m 2010m to 2165m.
TIME PRESSURE TIME PRESSURE TIME FRESSURE
hours psi bours psi bours psi
0,000 1878.20 0000 1072.16 0.000 1148.54
0008 1897.26 0016 10ER .66 0,050 113039
0.016 1911.24 0.050 1130.76 0.116 1152.28
0.050 1922.72 0083 1186.80 0.250 1154.23
0116 1929.12 0.170 1235.16 0500 1169.45
0.250 1934.24 0.250 125088 1.000 1292.62
0.500 1939.36 0.500 1263.18 1500 1317.23
10040 1943.2 1.000 1275.84 2.000 1321.07
2.500 1944.48 2.000 1282.24 3.500 1324.77
3500 1947.04 3300 1288.92 5.500 1326.76
5.500 1949.46 5.500 1300.16 BS00 1330.46
B.500 19533 8500 131538 12.50 1335.83
12.50 1958.42 1150 1333.16 17.50 1345.68
17.50 1963.54 17.50 1353.64 350 1355.21
23.50 1965.94 23.50 137398 30.50 1368.43
30.50 1975.06 30.50 13596.88 3650 1L375.97
3850 1982.13 38.50 1421.06
46.50 1987.72 48.00 1442.68
54.50 1994.12
60,00 1997.96
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WELL TEST ANALYSES ON JATIBARANG VOLCANICS
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WELL TEST ANALYSES ON JATIBARANG VOLCANICS
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Figure 1. (From Nutt and Jujur Sirait, 1987)
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Figure 2. Stratigraphy of the NW Java basin (from Soewono and Setyoko, 1987)
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WELL TEST ANALYSES ON JATIBARANG VOLCANICS

THAWER. AL, SARGINSOMN. M, SYAHRIAL, E.

Figure l'l‘;pjnﬂhnﬂ Formation volcanics structure map (from LEMIGAS repart, 19388)

A =A" und A = B* are the lines of the cross sections shown in Fig. 13 and Fig. 14.
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THAWER, AL, BARGINSON, M., SYAHRIAL, E. WELL TEST AMALYSES ON JATIBARANG VOLCANIC

4 Thin section of 8 core plug well JTB-113 (depth 2120 m), showing felsic tull with parusity in leached
feldspsr phenocrysts (and one rock [ragment) adjacent to a microfracture, which has been largely
infiiled with quartz. Magnification x50, plane polarized light; porosity Is stained blue

Flg. 5 Thin sectlon ol a core plug from well JTH - I.I.3 {depth 2132 m), showlng felsie il with
porosity developed in leached leldspsr phenocrysts. Some microporosity s presant
in the grovndmass. Magnification x50, plane polarized light; s stalned hlue
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WELL TEST ANALYSES ON JATIBARANG VOLCANICS
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Figure 6. JT1I - 105 Jogs.
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THAWER, AL, SARGINSOM, M., SYAHRIAL. E.

Figure 9. JTH - 190 logs

1



THAWER, AL, SARGINSON, M., SYAHRIAL. E WELL TEST ANALYSES OM JATIBARANG VOLCANICS

Figure 10. JTB - 105 log analysis results, The shale break within the volcanics lies between 2239 and 2246 m.
The depth scale is measure depth.
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JIYB=17% LOC AMALYEIDS

il

Figure 11. JTB = 175 log analysis results. The top of the shale hreak within the volcanics s 2098 m.
The depth scale is measured depth.
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Figure 12. JTB = 190 log analysis results. The depth scale s meassured depth.
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THAWER, AL, SARGINSON, M., SYAHFIAL, E.
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WELL TEST ANALYSES DN JATIBARANG
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Figure 16. A simulation history match of the build-up pressure data versus dimensionless Horner time in JTB
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Figure 17, A simulation history match of the build-up pressure data versus dimensionless Horner time in JTB - 17
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Figure 18. A simulation history match of the bulld-up pressure data versus dimensionless Horner time in JTB - 190
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Figure 19. A direct swap between fracture permeability and fracture poresity
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WELL TEST ANALYSES ON JATIBARANG
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Figure 20. Simulated response to a decrease in sigma compared with the base case
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Figure 21. A direct swap between sigma and matrix permeability
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