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Abstract: The Northwest Java Basin (NWJB) in Indonesia is a productive basin with proven oil
and gas production. It consists of conglomerate, volcanic rock, and shale. A key exploration
challenge in the NWIJB is the extensive volcanic cover, which significantly reduces the
effectiveness of conventional seismic methods. In this study, we employ seismic interpretation
techniques to address these challenges and enhance the success of oil and gas exploration in
volcanic-dominated settings. This study uses simultaneous inversion to characterize conglomerate
distribution among volcanic rocks, using sensitive parameters like Vp/Vs, density, and lambda-
rho. The study also uses AVO analysis on the LAC-12 well to identify potential locations. The
study uses RMS amplitude, sweetness, and spectral decomposition attributes to support the
structure at the study site. The simultaneous inversion was proven to characterize the distribution
of conglomerate among volcanic rocks by using several sensitive parameters consisting of Vp/Vs
with a cut-off value of <1.6, density with a cut-off value of <2.35 g/cc, and lambda-rho, or
incompressibility, <20 Gpa*g/cc. Furthermore, AVO analysis on the LAC-12 well showed that
the reservoir in this study was of class IIp AVO type at the top and class II at the base. These
attributes are integrated with the inversion parameter and supported by the interpretation of the
AVO attribute cross-section, which produces three potential locations in the pre-TAF horizon
with a depth of about 2100 ms.
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1. Introduction

According to SKK Miga's annual report, of the 128 basins
located in Indonesia, there are 68 yet to be explored. This
happens because of the high number of risks associated
with the failure of exploration projects and the high cost of
exploration since Indonesia is an archipelago, which makes
the cost even higher in remote areas such as the as the east
part of Indonesia. Furthermore, the exploration of new
potential in development areas is increased by the
government through contractor companies in Indonesia. In
those areas, maximizing mature fields or basins can
significantly increase production. Through many basins in
Indonesia, the Northwest Java basin is the one that has

consistently produced oil and gas since 1939 at Randegan.
The Northwest Java Basin (NWJB) is one of the most
productive basins with proven oil and gas production"
.NWIJB is a basin formed of half-graben that is in the south
end of Sunda land in Tertiary time. This basin covers the
northern part of West Java until the offshore area reaches
the south of Sumatera Island (Figure 1)». The USGS
estimated there are 2008 billion barrels of oil equivalent
(BOE), 658 million barrels of oil, 7453 mmscf of gas, and
108 million LNG potentials®.

Tectonically, the NWIJB basin (Figure 1.A) is formed due
to a rifting process followed by subduction that creates
several major structures. While stratigraphically, this basin
consists of several formations, namely: the Basement,
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composed of igneous and metamorphic rocks; the
Jatibarang Formation, composed of tuff, breccia, and
extrusive rock; the Talang Akar Formation, composed of
alternating tuff and conglomerate at the beginning, then
alternating sandstone and shale, and ending with
alternating sandstone, shale, and carbonate rock; the
Baturaja Formation, which is mostly composed of
carbonate rocks; the Upper Cibulakan, composed of
sandstone, carbonate, and shale; the Parigi Formation,
composed of carbonate rocks and shale; and lastly, the
Cisubuh Formation, which is mostly composed of shale as
cap rock in this basin (Figure 1.B)*%. Several formations
have been actively produced, such as Talang Akar,
Baturaja, Upper Cibulakan, and Parigi. However, there is
one potential location that has not been exploited, which is
the Pre-Talang Akar Formation (Pre-TAF), which is
located between Jatibarang and the Talang Akar
Formation4). Pre-TAF consists of conglomerate, volcanic
rock such as tuff and breccia, and shale. One of the
challenges in exploring this formation is the presence of
dominant volcanic coverage among conglomerate rock,
which is a potential reservoir rock®. As we know, volcanic
coverage on the subsurface remains one challenge that
hinders the exploration of oil and gas using seismic
methods. The seismic method is incompatible with use in
volcanic lithologies because of the complex and
heterogeneous structure that volcanic lithologies have,
with  variable porosity and permeability. This
heterogeneity can cause variations in seismic velocities
and anisotropic behavior, making the seismic response
more complex and challenging to interpret accurately. To
overcome the interpretation challenges in the Pre-Talang
Akar Formation (Pre-TAF), this study will conduct seismic
interpretation using simultaneous inversion, Avo analysis
and seismic attributes to characterize conglomerate
distribution among volcanic rocks.

There are many ways to interpret seismic data”; however,

one of the most common and proven techniques is
interpreting pre-stack seismic data. Using pre-stack
seismic data has several advantages, including better
resolution and complete data (angle and offset
information). To use pre-stack seismic data to the fullest,
seismic inversion and amplitude variation by offset (AVO)
analysis are a couple of ways to interpret pre-stack seismic
data. Simultaneous inversion is a method to quantify
subsurface parameters by inverting seismic trace data into
impedances and density. The other is AVO analysis, which
analyzes the change in amplitude as the offset or angle
increases®. This change in amplitude contains valuable
information that we can categorize into several types!®!D.
Finally, with the help of seismic attributes from post-stack
seismic data, we can extract additional information that
could support our previous interpretation, including
structural and geometrical characteristics, the distribution
of sandstone, and even reservoir potential'>!3,

Pre-TAF remains understudied and explored, with few
comprehensive geophysics research publications related to
hydrocarbon exploration. A recent study about this interval
was in South Sumatra in Jabung Block'®. This study is
AVO analysis in the pre-TAF interval. They conclude that
this interval has AVO type II, which is a low-impedance
sandstone. Furthermore, they used the AVO P*G attribute
to see the distribution of the reservoir compared to the
Lower Talang Akar Formation (LTAF), which is already
producing oil and gas in Jabung Block. The AVO attribute
shows a good correlation between pre-TAF and LTAF
reservoir distribution, and they have the same class of
AVO, which is AVO class II'Y. This study mainly focuses
on characterizing Pre-TAF (Figure 1.B) and Northwest
Java Basin reservoir potential by interpreting seismic data
using two methods: simultaneous inversion, AVO analysis,
and seismic attributes. This study aims to provide a better
understanding and suggestions for new potential reservoirs
to drill.
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Fig. 1: The Northwest Java basin lies over North Java to South Sumatera?, and the study area is located around within the red
circle (A) Tectonics and (B) stratigraphic column for NWJB and the interval of interest at Pre-Talang Akar Formation®
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2. Materials and method

In this study, five wells are used for all the processes that
contain several important logs, including logs that were
acquired from petrophysics analysis such as effective
porosity (PHIE), saturation water (SWT), and volume of
shale (Vshale). In all five wells in this study, only two
wells have check shot measurements in wells LAL-18 and
LAC-20, and only one well with the shear wave (Vs) log
is available in well LAC-12. The two check shots were
applied to each nearest remaining well for check shot
correction, and the wavelet that was used is a statistical
wavelet extracted from full-stack seismic data (Figure 2).
Well, seismic ties were conducted on all the wells to obtain
full-stack seismic data, which resulted in a good
correlation from all wells above 0.5 '9. The next step is
picking the horizon and structure step in the seismic data.
There were two horizons created, which are Pre-TAF and
Top Basement. Since the Vs log was not available in four
other wells, synthetic Vs logs were generated using the
Xu-White method'®, employing the volume of shale as
input for mineral constraint, saturation water as saturation
in situ, and RHOB and PHIE as the density and porosity
models'*!>. The Xu-White method was selected as it
demonstrates the highest correlation between the
estimated Vs and the measured Vs in well LAC-12,
outperforming the other methods (Table 1).

Furthermore, sensitivity analysis was performed by cross-
posting inversion parameters with several logs, like
volume of shale, triple combo logs, etc. Two kinds of
seismic data were used in this research. The first is the pre-
stack CDP gather that is used for seismic pre-stack
inversion and AVO analysis'”, while the other is full-stack
seismic for well seismic tie and horizon picking. The CDP
gather underwent pre-conditioning of traces that followed
the procedure from Maurya, starting with filtering until
angle gather conversion'”. The workflow of reservoir
characterization in this study shows in Figure 3.
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Fig. 2: Statistical wavelet extracted from full-stack
seismic data and the comparison between the extracted
statistical wavelet and seismic spectral analysis

Table 1: Comparison of the Vs log with the synthetic vs using
different method in well LAC-12

Method Cross Correlation
Castagna -0.0166
Krief -0.0058
Greenberg-Castagna 0.3371
Xu-White 0.5442
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Fig. 3: The workflow of reservoir characterization in this
this study

Simultaneous Inversion

Two horizons were used to build low-frequency models
before the pre-stack simultaneous inversion. Next, we
extract statistical wavelets from our angle and gather
seismic data that is divided into three angles: near angle 0—
12, mid angle 13-22, and far angle 23-35. The inversion
analysis uses the Fatti approximation'”!%!9)

2
Rpp(6)=1+tan29Rp0+8(§> SinzeRso +%|:AV£+
p S

=] Ry (1)

where Rp is the reflectivity of the p-wave, Rs is the
reflectivity of the s-wave, and Rp is the reflectivity of
density. The quality control is being done by comparing
the inverted log and the original log (Table 2). The
correlation of Vp/Vs was found to be very weak, with a
coefficient of only 0.171. Therefore, the direct Vp/Vs
results were deemed unreliable and subsequently excluded
from further analysis. Instead, during the inversion process,
the Vp/Vs ratio was derived manually by computing the
division of inverted V'p by the inverted Vs.

The linear regression between the acoustic impedance and
shear impedance, acoustic impedance, and density was
taken, which resulted in certain values k, m, kc, and mc.
The gamma value was 0.3 for the background ratio.
Furthermore, the pre-whitening method used was
covariance, with a pre-whitening value of 10%, and the
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Table 2: Presents a comparison between the original well logs
and the inverted logs employed as parameters in the
simultaneous inversion, which are then propagated throughout
the seismic dataset

Parameters Correlation
Acoustic Impedance 0.787
Shear Impedance 0.777
Density 0.755
Vp 0.755
Vs 0.671
Vp/Vs 0.171

number of iterations was 50 times. Finally, the
simultaneous inversion was applied to the angle gathered
to obtain the acoustic impedance, shear impedance,
density, and P- to S-wave velocity ratio cube/volumes.
AVO analysis is carried out wusing the Shuey
approximation by considering the Poisson ratio, normal
incident, and correction from the Shuey and Aki-Richard
equations'®202D

R(O) =Rp + (RPAO + (IA—Z)Z) sin? +§ Avﬁ (tan? 0 —
- P
sin?0) 2)

where RP is the normal incident and is the Poisson ratio.
Well LAC-12 was selected to carry out the gradient
analysis for AVO analysis. Two horizons were picked in
the well, approximately at a depth of 2500 and 2500 m.
This picking process was based on the log qualitative
interpretation underlining the triple combo log and cross-
plot result that shows the reservoir potential. Furthermore,
by using Eq. 2, we can determine the intercept and gradient
volume for creating the AVO attribute. In this research, we
used the AVO Scaled Poisson’s Ratio Change to search
for reservoir potential. This attribute uses the equation
below?22),

R(8) = Rp + Gsin?6 3)
_ 1 (A,
where, R, = 2 ( 7 + » ) (4)
1-2 A
G =Rp(D-201+D)22) + o ()
And
AVp
A
D =55 7” (6)
Vp

The attribute will be used to support the interpretation of
the inversion result qualitatively!>?¥. This research will
use three post-stack attributes, namely RMS amplitude,
sweetness and spectral decomposition. RMS amplitude
aims to search for big amplitudes (high or low), which
could infer the distribution of lithology. The root mean
square amplitude (RMS) is a commonly used technique to

display amplitude values in a specified window of stack
data. With RMS amplitude, hydrocarbon indicators can be
mapped directly by measuring reflectivity in a zone of
interest based on equation (4) 2>

Apus = |>TEET A (7)

The sweetness attribute shows the hydrocarbon-prone area
that is indicated by high instantaneous amplitude and low
frequency®®. Sweetness is calculated by dividing the
instantaneous amplitude (amplitude envelope) by the
square root of the instantaneous frequency as follows>”

A(t)

st) = Jo© (8)

where the instantaneous frequency is represented by w(t)
and the instantaneous amplitude by A(t).

The last method of interpretation is spectral decomposition,
which can be used for two different purposes: low-
frequency analysis, which looks for low-frequency
anomalies for hydrocarbon exploration, and the RGB
attribute, which incorporates three frequency bands—Ilow,
mid, and high—to illustrate the structure interpretation.
Using a Ricker wavelet and a continuous wavelet
transform, spectral decomposition will be performed?$2.
Azimuth, dip, frequency, and other properties can all be
subjected to spectral decomposition; however, frequency
analysis is the most frequently used. Even when the
recorded seismic data has a wavelet overprinting it, narrow
beds have distinct frequency expressions. Therefore, if the
time domain of the recorded traces is converted to the
frequency domain using?*3%,

3. Results and Discussion

3.1. Sensitivity Analysis (Cross plot) Result

Sensitivity analysis was performed using a cross plot
between two parameters, with the parameter being the
color to distinguish conglomerates around the volcanic
rock (extrusive rock and dominantly volcanic tuff). The
output is expected to be a cut-off value that the parameters
will use to distinguish the desired events. In this study, we
analyzed the parameters that will undergo the inversion
process, such as Zp (the impedance of P waves), Zs (the
impedance of S waves), density, and Vp/Vs. As we can see
in Figure 4, we are creating Zp vs. Zs, Vp/Vs vs. Zp,
Vp/Vs vs. density, and Vp/Vs vs. Zs using water saturation
as the color key, respectively.

As shown in Figure 4.A, P-impedance (Zp) and S-
impedance (Zs) do not separate the low-water-saturation
sample, suggesting the presence of hydrocarbons and
implying conglomeratic lithology. Similarly, in Figure 4.B
(Vp/Vs vs. Zp) and Figure 4.D (Vp/Vs vs. Zs), the low-
water-saturation sample also remains indistinguishable.
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Fig. 4: Sensitivity Analysis between four parameters that
will undergo an inversion process. (A) P-impedance vs S-
impedance, (B) P-impedance vs Vp/Vs, (C) Vp/Vs vs
Density, (D) S-impedance vs Vp/Vs

Throughout the four parameters, Vp/Vs and density
(Figure 4.C) are the best parameters that are sensitive
enough to distinguish between volcanic rock and
conglomerate rock, with cut-off values approximately less
than 1.6 for Vp/Vs and less than 2.35 g/cc for density.
Other than Vp/Vs and density, the Lambda-rho parameter
is also sensitive to separate the conglomerates with a cut-
off value of approximately less than 20 GPa*g/cc.

3.2. Simultaneous Inversion Result

Simultaneous inversion is carried out with input data in the
form of initial model inversion parameters (Al, SI, p, Vp,
Vs, and Vp/Vs), 3D seismic angle gather data, and wavelet

groups consisting of near angle, mid angle, and far angle.
The main results of the simultaneous inversion in this
study are the cubes of acoustic impedance, shear
impedance, density, P and S wave velocity, and Vp/Vs.
After creating the inversion parameter cubes, we create the
map slices on the horizons of Pre-TAF and the top of the
basement. Based on the cross-plot results, three
parameters can be used or are sensitive to differentiate
between conglomerate and volcanic rock, namely lambda-
rho, Vp/Vs, and density (Figure 5.A-5.C). Lambda-rho is
applied qualitatively in this study, without fluid
substitution analysis, and is interpreted as a supportive
elastic parameter rather than a direct fluid indicator
(Goodway et al., 1997).

The cut-off values for Vp/Vs, Ap, and density were derived
from cross-plot analysis of the available well logs,
ensuring that the seismic-based classification is consistent
with petrophysical data. In the Vp/Vs parameter, the cut-
off value is indicated by the start of the yellow color on the
map slice, where there are several locations as shown in
the red circle in Figure 5. This is like the lambda-rho
parameter, which at nearly the same location has a low
incompressibility value of > 20 GPa*cc/gram marked with
colors ranging from yellow to red indicated by a red circle.
Followed by the density that indicated a green color, which
shows a density ranging from 2.45 to 2.4 g/cc.

3.3. Seismic Attributes

The sweetness attribute can show a tendency for the
location of hydrocarbons, which in Figure 5.E shows a
high sweetness value in the LAL-33 well area on the right
and the LAC-20 well on the left. Furthermore, the RMS
Amplitude attribute displays a high amplitude distribution
dominantly located in the south of the study area (Figure
5.D), where there is a high amplitude value in the west of
the study area, which can be interpreted as a conglomerate
with hydrocarbons. Next, Figure 5.F shows a map slice at
a frequency of 10 Hz, which shows several low-frequency
effect anomalies characterized by high amplitudes in
several places, such as around wells LAL-33 and LAC-20,
which are the most dominant, and LAC-12 and LAL-27,
which are moderate. This high amplitude shows a low-
frequency effect on the presence of fluids, based on the
research of Goloshubin®" where low frequencies can help
identify the presence of hydrocarbons.

RGB attributes are created using frequency data of 20 Hz
as low frequency, 40 Hz as mid-frequency, and 60 Hz as
high frequency, which are marked in red, green, and blue,
respectively. Figure 6 shows the results of the RGB
attribute, which can highlight the existence of a structure
as marked by the dotted blue circle. Then, because this
attribute separates high-frequency data from low-
frequency data, it can identify not only major faults but
also minor faults.
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3.4. AVO Analysis and Attribute Results

The results of the AVO analysis have positive intercept
values and negative gradients at the top and bottom picks
(Figure 7). At the near-offset, the amplitude still has a
positive value. Furthermore, amplitude dimming occurs at
the mid offset, and polarity reversal occurs at the far offset
at the top reservoir, not at the bottom reservoir, which
already has a negative intercept. Then the cross plot
between the intercept and gradient shows that the target
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Fig. 5: (a) The low Vp/Vs area shows the new potential
marked by red and blue circles, (b) the low-density area
shows the new potential marked by red and blue circles, (c) the
low-lambda-rho area shows the new potential marked by
red and blue circles, (d) the RMS Amplitude map shows
the new potential marked by red and blue circles, (¢) The
Sweetness map shows the new potential marked by red
and blue circles and (f) the low-frequency 10Hz map
shows the new potential marked by red and blue circles

top reservoir is in quadrant IV for reservoir classification
based on the AVO cross plot (Rutherford,1989). Based on
this, the target top reservoir belongs to AVO class 2p,
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Fig. 6: Determination of the frequency and data used in
creating RGB attributes that display several structures.
The most noticeable structure is shown by the blue-dotted
circle

which is characterized by a positive but near-zero intercept
and a negative gradient and is in quadrant IV. The target
bottom reservoir belongs to AVO class 2, which is
characterized by a negative intercept but near zero, a
negative gradient, and is in quadrant III.

The scaled Poisson's ratio change attribute is used to see
the gas response, which is characterized by a negative
value because the presence of gas will cause the P wave
velocity to decrease. Goodway?? explained that the top
reservoir will have a negative value, and the base reservoir
will have a positive value. This can be caused by the not-
too-high hydrocarbon saturation in the layer, so that the
deviation in the mud rock line curve is not too far from the
background trend'®.

The cross-section in Figure 8 shows several places that
have gas potential. This is shown in the dark red dotted
box in the LAC-12 well, which has proven to be
hydrocarbon. Then we found a negative top response and
a positive bottom in several places, one of which is in the
southern part of the LAL-33 well, which is marked with a
dark red dotted box. In the qualitative evaluation, the
LAL-33 well has no potential when viewed from the log
results; this is in line with the results of this attribute,
where at the location of the LAL-33 well, no clear negative
top and positive bottom were found, which are marked
with colored dotted boxes in light blue3*3*39,

At well LAL-33, amplitude-based attributes such as
sweetness and RMS, together with the inversion results,
indicated a potential anomaly. However, the subsequent
AVO analysis did not show a hydrocarbon-consistent
response. This discrepancy highlights the different
sensitivities of the methods. This case illustrates the
importance of integrating multiple attributes and
reinforces that interpretation should not rely solely on a
single method.
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Fig. 7: AVO Analysis with gradient analysis (left) and
cross plot between intercepts and gradients. The gradient
analysis and cross-plot show that the top of the reservoir is
AVO class 2p and the bottom of the reservoir is AVO
class 2. The cross plot also showed the distance between
the reservoir and the mud rock line is in the middle,
suggesting there is a presence of gas and water

Fig. 8: The seismic cross section on the attribute-scaled
Poisson's ratio changes at the arbitrary line. The section
shows several potential areas that are indicated by a red
dotted box, while this attribute also shows why LAL-33
didn’t have gas potential despite previous interpretations
using simultaneous inversion and seismic attributes
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4. Conclusion

In this study, simultaneous inversion was used to
characterize the distribution of conglomerate among
volcanic rocks by using several sensitive parameters
consisting of Vp/Vs with a cut-off value of <1.6, density
with a cut-off value of <2.35 g/cc, and lambda-rho, or
incompressibility < 20 Gpa*g/cc. AVO analysis on the
LAC-12 well showed that the reservoir in this study was
of class IIp AVO type at the top and class II at the base. In
addition, the RMS amplitude, sweetness, and spectral
decomposition attributes are used in the interpretation of
this study, which indicates several potential locations.
Then, the RGB attribute is used in the spectral
decomposition data to support the interpretation of the
structure at the study site. In the end, this attribute is
integrated with the inversion parameter and supported by
the interpretation of the AVO attribute cross-section,
which produces three potential locations in the pre-TAF
horizon with a depth of about 2100 ms and spread over the
study area marked with the locations of the red and blue
circles. These potential location exhibit responses
consistent with conglomeratic reservoirs and may
represent preliminary geophysical leads. However, they
should not be regarded as confirmed prospects, since no
quantitative risk assessment were conducted in this study.
Further work, including probabilistic risk evaluation, net
pay estimation, and volumetric analysis, is necessary to
establish the exploration relevance of these locations.
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