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Abstract

Petrophysical properties provide a comprehensive approach to reservoir characterization, in which reservoir quality is of
paramount importance. The main controllers for reservoir quality are porosity, permeability and clay content. Petrophysical
models are used by utilizing the correlation between tool response (logging) and rock and fluid properties. These petrophysical
results will be cut-off to distinguish productive and unproductive parts of a reservoir. Petrophysical and cut-off calculations
in the Betung Field are applied to determine the quality and productive zone of the Air Benakat Formation reservoir. The
direction of field development (infill wells) is based on the quality of the reservoir and productive zone obtained based on
the results of petrophysical and cut-off calculations. This research was conducted in Layer 5 (L-5) of the Betung Field using
the main data, namely well logs (Gamma ray, density, neutron, resistivity). Well logs were processed to obtain petrophysical
values using Interactive Petrophysic and Microsoft Excel software. Petrophysical results were then cut-off on clay content,
porosity and water saturation, so that a productive zone was obtained from the Betung L-5 field. Petrophysical and cut-off
results show L-5 is a Hydrocarbon prospect zone with an average petrophysic value for well 210 (Vclay: 32%, porosity: 25%
and water saturation: 65%); well 220 (Vclay: 35%, porosity: 30% and water saturation: 38%); well 222 (Vclay: 8.2%, porosity:
31% and water saturation: 28%). The resulting cut-off values for well 210 (Vclay: 42.6%, porosity: 17% and water saturation:
98%); well 220 (Vclay: 26.6%, porosity: 22.4% and water saturation: 50.3%); well 222 (Vclay: 18%, porosity: 17% and water
saturation: 70.4%).
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Introduction and understanding of all available data from the well [1-5].
The integration of seismic interpretation with evaluation

The characterization of a petroleum reservoir can be of petrophysical properties provides a comprehensive
described as a process that includes an integrated analysis approach to reservoir characterization. Reservoir quality
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is important in reservoir characterization where the main
controllers for reservoir quality are porosity, permeability
and clay content [6]. According to Selley [7] that when
hydrocarbon reserves are found in a basin, the main thing
that is needed is to understand in detail about the quality
of the reservoir. Makeen, et al. [8] explained the inhibiting
factors for reservoir quality (porosity and permeability),
including grain size, clay content (Smectite, Illite, Kaolinite,
Chlorite), compaction, cementation, and depositional facies.
Osman, et al. [9] explained that the integration of core and
logging response data is often used to draw conclusions
about lithology, depositional sequence, facies, and fluid
content. It is based on a petrophysical model that exploits
the correlation between tool response and rock and fluid
properties.

Petrophysics of Reservoir Rocks

Volume Shale/Clay

In the Vshale calculation, there are many equations,
some form a linear response, some are nonlinear (Steiber,
Larionov equation, and others) depending on the condition
of the rock. Calculation of Vshale using linear equations can
be the first choice, but if this equation is not appropriate with
the existing rock conditions, nonlinear equations can be used
[10].

Vsh/cl = M (1)
GRmax — GRmin

Vsh = amount of clay/shale content; GR = Radioactivity read
on the log; Grmin = Radioactivity read on clean formation;
Grmax = Radioactivity as read on shale or clay.

Porosity

The determination of porosity can use the density log,
namely the porosity equation from the curve reading with
the density log:

Apart from that, it can also be determined using
the density log, and calculations are often carried out in
combination with the neutron log, whose equation is:

OND = M (3)

¢D = porosity of the density log, fraction; pb = bulk density,
gr/cc; pf = fluid density, gr/cc; pma = matrix density, gr/cc; pf
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= 1.0 for fresh mud; pclay = density of clay, gr/cc

Water Saturation

According to Dwiyono and Winardi [11], the method for
calculating water saturation:

Vshale Group:
a) Simandoux

0,4Rw |\/5¢e Vsh  Vsh
Sw= At (4)
Je Rw. Rt Rsh  Rsh

b) Indonesia or Poupon and Leveaux

1 |: VShH)’S Vsh @em/Z

= Sw' (5
TR | Voo Wa.Rw} W G)

Cut-Off Determination

Cut-off is the lower limit value of the reservoir
parameter to distinguish productive and unproductive
parts of a reservoir [12]. The cut-off value is influenced by
reservoir characteristics, flow viscosity, temperature and
pressure, interval thickness, existing economic factors and
so on [13,14]. Cut-off limits parameter values including
Vclay, porosity, water saturation [1-5]. The determination
of cut-off porosity and Vclay is usually done by graphing the
relationship between porosity and Vclay, where the values of
porosity and Vclay are taken from the results of petrophysical
interpretation which have been averaged according to the
perforation intervals and statistically, cut-off porosity (for oil
10 % - 16%; gas 6% - 12%), Vclay (20% - 50%) and Sw (55%
- 70%) (BPMigas) [15].

Application of Petrophysical Calculations
and Determination of Cut-Off

Petrophysical and cut-off calculations in the Betung
Field are applied to determine the quality and productive
zone of the Air Benakat Formation reservoir. The direction
of adding fields (infill wells) are based on the quality of the
reservoir and productive zone obtained based on the results
of petrophysical and cut-off calculations [16].

Field Data Description

Location

The Betung Field is located in the Jambi Sub-Basin,
South Sumatra Basin (Figure 1) with the sandstone of the
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Air Benakat Formation as its reservoir rock. The Betung field
consists of 4 reservoir layers namely L-2, L-3, L-4 and L-5
where the focus of this research is L-5. The wells used in this
study were wells 210, 220 and 222 of the 10 existing wells,
with the position of each well as shown in Figure 2 [17,18].

-

Figure 1: Research Locations in the South Sumatra

Basin.

Figure 2: Position of wells L-5.

o J

Tools and Materials

The main data used in this study are well logs, namely
gamma ray logs, neutron logs, density logs, logs, resistivity
logs and literature as well as well reports as supporting data.
Data processing was carried out using Interactive Petrophysi
Software and Microsoft Excel.

Result and Analysis

Thelithology of the Air Benakat Formation layer 5 (L-5) of
the Betung Field is generally dominated by sandstones. This
lithology is seen based on the Gamma Ray log which shows
a curve with a relatively low value and the log formation is
blocky. Based on this, the log curve leading to the minimum
value indicates that the zone is a reservoir layer [16].

Petrophysical Analysis of Wells L-5

Calculation of clay content (Vclay) was carried out using
gamma ray logs, where based on processing log data using
equation (1), the results obtained for clay content were: well
210 (Vclay: 32%); Well 220 (Vclay: 35.5%); well 222 (Vclay:
8.2%) (Table 1)

Porosity calculations use effective porosity for reservoir
determination. Porosity calculations are performed to
determine the porosity of rock formations using the density-
neutron porosity model. Using equations (2) and (3), the
porosity results for the L-5 wells are as follows: well 210
(porosity: 25.6%); well 220 (porosity: 30.2%); well 222
(porosity: 31%) (Table 1).

Calculation of water saturation uses the Simandoux
equation where the study area is shaly sand which shows
that the formation does not only contain sand but also
contains shale/clay in the sand content. The lithology of the
Air Benakat formation is dominated by shaly sand because
the Vsh content exceeds 20%. The results of water saturation
calculations use the resistivity log and equation (4). The
results of the Water Saturation calculation are as follows:
well 210 (Sw: 65%); well 220 (Sw: 38%); well 222 (Sw:
28%) (Table 1).

Bottom Gross Reservoir

Well | Top (mMD) (mMD) (m)

Vclay (fraction)

Water Saturation
(fraction)

Porosity
(fraction)

210 228 265,50 37,50

0,3238 0,2564 0,6573

220 219,76 256,64 36,88

0,355 0,3023 0,3812

222 239,57 273,10 33,53

0,082 0,3103 0,2813

Table 1: Petrophysics of Wells L-5.
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Determination of Cut-Off

The cut-off value for clay content (Vclay) is determined
by the distribution of water saturation values expressed
in the form of a crossplot between the water saturation
value and the Porosity value. The limit of the cut-off value
is determined based on the crossing line which will later be
determined by the maximum water saturation value with the
minimum porosity value of the L-5 wells. The cut-off results

of the L-5 wells can be seen in Table 2 and Figures 3-14. Well
210 shows a flow zone where Vclay is less than 42%, porosity
is more than 17% and water saturation is less than 65%.
Well 220 shows a flow zone where Vclay is less than 26%,
porosity is more than 22% and water saturation is less than
59%. Well 222 shows a flow zone where Vclay is less than
18%, porosity is more than 17% and water saturation is less
than 70% [17,18].

Cut-off
Well Vclay (fraction) Porosity (fraction) Water Saturation (fraction)
210 0,426 0,177 0,987
220 0,266 0,224 0,503
222 0,189 0,178 0,704

Table 2: Cut-off of L-5 Wells.

Figure 3: Vclay cut-off of the 210 L-5 well.

Figure 4: Porosity cut-off of well 210 L-5.
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Figure 5: Cut-off of 210 L-5 Well Water Saturation.

Figure 6: Petrophysics of well 210 L-5.
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Figure 7: Vclay cut-off of the 220 L-5 well.

Figure 8: Porosity cut-off of the 220 L-5 well.

Figure 9: Well Water Saturation Cut-off 220 L-5.
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Figure 10: Petrophysics of well 220 L-5.

Figure 11: Vclay cut-off of well 222 L-5.
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Figure 12: Porosity cut-off of well 222 L-5.

Figure 13: Cut-off of Well Water Saturation 222 L-5.

Figure 14: Petrophysics of well 222 L-5.

Conclusion

Based on the results and analysis of petrophysical
calculations and determination of the cut-off for the Betung
field, Jambi Sub-Basin, South Sumatra Basin, it is concluded:
e Layer 5 (L-5) wells are a Hydrocarbon prospect zone at

a depth of 228 mMD - 265.50 mMD (well 210); 219.76

mMD - 256.64 mMD (well 220) and 239.57 mMD -

273.10 mMD (well 222).

e Average petrophysical yield for well 210 (Vclay: 32%,
porosity: 25% and water saturation: 65%); well 220
(Vclay: 35%, porosity: 30% and water saturation:
38%); well 222 (Vclay: 8.2%, porosity: 31% and water
saturation: 28%)

e Cut-off values generated for well 210 (Vclay: 42.6%,
porosity: 17% and water saturation: 98%); well 220
(Vclay: 26.6%, porosity: 22.4% and water saturation:

Irmaya Al, et al. Petrophysical Calculation Analysis and Determination of Cut-Off in Betung Field, Jambi-
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50.3%); well 222 (Vclay: 18%, porosity: 17% and water
saturation: 70.4%)
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