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Abstract: The North Kangean Waters is one of the top priorities for hydrocarbon exploration and
development in the North East Java Basin, East Java. The Kudjung Formation in the North Kangean
Waters, East Java, is a potential hydrocarbon reservoir composed of carbonate limestone at 1780-
2120 ft in the JS5-1 well. The JS5-1 well was drilled on a northeast-trending anticline in the East
Java Basin, indicating localized structural uplift. The same structure has proven to be a hydrocarbon
trap at the Kangean Block adjacent to the JS5-1 well. This study applies model-based acoustic
impedance inversion and sweetness attribute analysis to enhance reservoir characterization in the
northern waters of the Kangean Islands, East Java. The inversion results indicate hydrocarbon-
bearing layers with low impedance values from 27,729 to 33,575 (ft/s)(g/cc), validated by pre-
inversion analysis with a correlation coefficient of 0.967 and a total error of 0.282. Sweetness
attributes effectively identify hydrocarbon sweet spots at 180-320 ms. These findings improve
seismic interpretation and can assess hydrocarbon exploration in complex carbonate formations.

Keywords: Acoustic impedance inversion; Kangean Waters; Kudjung Formation; reservoir

characterization; sweetness attribute

1. Introduction

The oil and gas industry remains a top priority in the
energy sector, driven by rising market demand. This leads
to intensified exploration and development of new oil and
gas fields in many proven basinsY. Onshore and offshore
oil and gas exploration activities are critical, with offshore
operations presenting unique challenges due to the
physical environment and the depth of exploration?.
Given these complexities, developing and applying
efficient exploration techniques, particularly in offshore
environments, are essential. Among these methods,
seismic reflection technology has proven highly effective.
This method utilizes acoustic signals to detect seismic
waves that reflect off boundaries between distinct
geological media, revealing contrasts between various
subsurface layers and facilitating the identification of oil
and gas reservoirs®. It plays a crucial role in enabling
detailed reservoir characterization, which is fundamental
in identifying prospective areas for hydrocarbon
exploration.

Reservoir characterization is an analytical process
aimed at deciphering subsurface heterogeneity by

evaluating key parameters such as facies distribution,
porosity, permeability, and fluid saturation. Utilizing
data-driven approaches from seismic exploration, well
logging, and geological and petrophysical modeling, this
process is critical for assessing hydrocarbon accumulation
potential, understanding fluid dynamics, and optimizing
exploration and reservoir management strategies with
precision®. It integrates data from various sources, such as
seismic information, well logs, pressure tests, rock core
analysis, and other geoscientific and engineering inputs®.
This technique has garnered increasing attention over the
last few decades due to its importance in reservoir
modeling, field development, and management. Key
analytical methods for reservoir characterization include
seismic attribute analysis and seismic inversion
techniques. Seismic inversion derives reservoir properties
from seismic data by extracting physical rock properties
such as amplitude, travel time, and phase, allowing for the
validation of relationships between the elastic and
petrophysical characteristics of reservoir rocks®. Acoustic
impedance is a key product of seismic inversion, measures
the rock’s ability to transmit seismic waves and is
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influenced by variables such as wave velocity, rock
density, lithology, and fluid content”. By integrating
seismic data with well log data through impedance
inversion, a more accurate reconstruction of subsurface
properties is achieved, enhancing the identification of
hydrocarbon-bearing zones®).

The North East Java Basin, one of Indonesia's 60
recognized basins, stands out as a back-arc basin with
significant hydrocarbon potential, containing estimated
reserves of 53.7 million stock tank barrels (MMSTB) of
oil and condensate and 480.1 billion standard cubic ft
(BSCF) of gas?. A key area of interest within this basin is
the northern waters surrounding the Kangean Islands,
known for their older geological formations and proven
hydrocarbon potential, particularly gas, over the last three
decades'®. With its considerable oil and gas prospects, the
region continues to be a focus of exploration activities in
East Java.

This study aims to analyze the physical composition of
target reservoir rocks in the northern waters of the
Kangean Islands, East Java, by integrating sweetness
attribute analysis and acoustic impedance inversion.
Additionally, it seeks to identify lithological distributions
to delineate high-potential target zones for hydrocarbon
exploration. By employing these methods, this study aims
to enhance reservoir characterization and optimize
exploration strategies in a region characterized by
complex and prospective geological features. The
integration of sweetness attributes and acoustic
impedance inversion is particularly well-suited for this
setting, as it enables a more precise differentiation of
lithological variations and fluid distributions, addressing
the limitations of conventional seismic interpretation in
highly heterogeneous and structurally intricate geological
environments.

2. Literature Review

2.1 Geological Summary

The JS5-1 well, drilled on a northeast-trending anticline
in the North East Java Basin, provides crucial insights into
the Kudjung Formation, which was 130 ft higher than
anticipated, indicating localized structural uplift. The
petroleum system comprises essential components, with
the Ngimbang Formation source rock serving as the
primary hydrocarbon parent rock in the North East Java
Basin, originating from carbonate flakes produced in
marginal marine, deltaic, and lacustrine settings. The
Ngimbang Formation mostly contains kerogen types Il
and I, which generate oil and gas hydrocarbons.
Stratigraphic analysis reveals interbedded limestone and
dolomite within Kudjung Units | and Il as the main
reservoirs in this basin, extending from 2168 to 3460 ft,

deposited in a high-energy, shallow marine environment,
likely linked to reef-building processes. Below 3460 ft, a
transition into dolomite interbedded with limestone
suggests a more open marine depositional setting, with
potential influences from reworked reef material (Fig. 1).
The well’s structural interpretation shows a southeast dip
of 4° to 6°, consistent with seismic data, with steeper dips
of 20° to 30° between 2800 and 3400 ft, further supporting
the presence of reef-related formations.

The stratigraphic and structural framework of the well
aligns with the East Java chronostratigraphy, particularly
the Kudjung I/l and Kudjung Il units, which are
characteristic of the Middle to Late Miocene as shown in
Fig. 1. The interbedded limestone and dolomite seen in the
well match the high-energy, shallow marine reef
environments represented in the chart. In contrast, the
transition to dolomite and limestone correlates with
Kudjung 111, indicative of a deeper, more open marine
depositional environment. The basement conglomerates
encountered at 5862 ft, composed of weakly
metamorphosed clasts from various origins, date to
approximately 110 million years, correlating with the
Ngimbang clastics of the Paleocene to Eocene periods,
representing early tectonic activity in the basin®?.

Paleontological ~ data  further  support  these
interpretations, with abundant planktonic foraminifera
found in the Pre-Kudjung section, suggesting an open
marine setting consistent with the regional geological
history. Hydrocarbon migration is divided into primary
migration, the transfer of hydrocarbon fluid from the
Ngimbang Formation source rock to the Kudjung
Formation reservoir rock, and secondary migration, which
is the fluid movement in the reservoir through the trap.
Hydrocarbon shows, particularly gas anomalies, were
detected within the limestone sections, highlighting the
potential for hydrocarbon exploration within the reefal
carbonates of the Kudjung Formation. The well's
lithologic, structural, and paleontological data integrate
well with the regional stratigraphic chart, confirming that
the Kudjung Formation plays a key role in the basin’s
hydrocarbon potential, particularly within the Miocene
reef and marine deposits?.

The types of traps in the East Java Basin petroleum
systems exhibit general similarities. This is due to tectonic
evolution that occurs in all sedimentary basins along the
southern boundary of the Sunda Plate, leading to
comparable geological structures and trap mechanisms.
The rock seals in this basin consist of shale from the
Tuban Formation, with a thickness ranging from 500 to
1500 feet in the North East Java Basin*Y.
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Fig. 1: Chronostratigraphic framework of the East Java Basin, highlighting the Kudjung I/11 units in the Miocene, which serve as
key reservoir targets due to their reefal carbonate composition consisting of interbedded limestone and dolomite.

2.2 Acoustic Impedance

Acoustic impedance (Al) represents the resistance of
rocks to seismic wave propagation, making it a crucial
parameter for subsurface characterization. Al is the
physical properties of rocks, which are influenced by
lithology, porosity, fluid content, depth, pressure and
temperature!?. Acoustic impedance is used to identify and
map lithology, estimate porosity, analyze seismic facies,
map fluid flow, and detect the presence of hydrocarbons.
Additionally, acoustic impedance plays a role in
quantifying reservoir characteristics and constructing
subsurface  geological ~models'®. Hardness and
compressed rocks, such as limestone, have a high Al
value, while soft rocks, such as clay, which are more
easily compressed, have a low Al value'®. In other words,
acoustic impedance can be considered acoustic
hardness'®. Al is a physical parameter which is defined as
a form of multiplying the value of seismic wave velocity
(V,) and rock density (p) as in the equation below,

Al =p.V, (1)

where Al is the acoustic impedance (ft/s)(g/cc), p is
density (g/cc), and V), is seismic wave speed (ft/s).
Acoustic impedance influences the determination of the
normal angle of incidence reflectivity through the
equation below,

KR = Al — ALJALy, + AL, (2)

where KR is the reflection coefficient, while Z; and
Z; 4 are the acoustic impedance of the first and second
layers.

2.3 Seismic Inversion

The seismic inversion technique has been used to
improve reservoir characterization since its inception in
the early 1980s%®). Consequently, it has become a vital tool
for geophysicists involved in reservoir planning and
development?). Seismic inversion is based on seismic-
derived rock's physical properties, which evaluate
reservoir properties and conditions. This consists in
extracting elastic rock properties from seismic data based
on amplitude, travel-time and phase information in a
seismogram?®®). These procedures have made it possible to
validate the relationship between elastic and petrophysical
properties of reservoir rocks. Most seismic inversion
techniques are sensitive to different properties of
reservoirs. This method was initially applied with the
initial model assumption obtained from the picking results
and then iterated. Traces generated from synthetic data are
compared with original seismic traces to obtain error
values. A small error value indicates a solution close to
the actual situation. Using synthetic data, it is hoped that
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noise in the seismic data will not interfere with this
inversion process®.

2.4 Sweetness Attribute

The sweetness seismic attribute is mathematically
defined as the ratio of instantaneous amplitude (or
reflection strength) to the square root of instantaneous
frequency?. It is particularly effective for identifying
isolated sand bodies in fluvial environments, as they
produce broader and stronger reflections than the
surrounding shale formations. However, its utility
decreases in settings where sands and shales are highly
interbedded or where the acoustic impedance contrast
between them is minimal®). The sweetness attribute s(t)
is defined as the ratio of the instantaneous amplitude,
commonly referred to as the trace envelope a(t), to the
square root of the instantaneous frequency f,(t), as
shown in the equation below,

s(t) = a(®)/y/fa(®) 3

Sweetness enhances the visualization of sand intervals
or bodies and helps to identify potential hydrocarbon-
bearing zones, commonly referred to as sweetspots?. In
young clastic sedimentary basins, sweetspots exhibit high
amplitudes and low frequencies in seismic data.
Therefore, several studies have concluded that areas with
elevated sweetness values may indicate the presence of oil

and gas. Additionally, top-view visualization of sweetness
attributes can reveal detailed geomorphic features, such as
sand deposits formed by point bars and distributary
channels?),

3. Material and Methods

This study utilizes seismic and well data from the North
Kangean Waters, processed on Windows-based systems
using various software tools. ArcGIS Pro was used for
mapping, while Petrel and Hampson-Russell were applied
for sweetness attribute analysis and seismic inversion.

Data with appropriate formats, such as seismic and
well-logging data SEG-Y and LAS, respectively, were
provided for this study. The dataset includes post-stack
time migration data from the NS-15 line, comprising
2,169 traces used for sweetness attribute analysis and
acoustic impedance inversion. The JS5-1 well, drilled in
1970 by the Indonesia-Cities Service Survey Team to a
total depth of 6,282 ft (1,914.75 meters), was classified as
unproven for hydrocarbons. Key logs such as checkshot,
caliper, gamma ray, spontaneous potential, resistivity
(ILD, LLD), P-wave, neutron porosity, and density
(RHOB and DRHO) were included, along with
stratigraphic markers and drill stem test (DST) data to
support reservoir characterization. The research location
map is illustrated in Fig. 2.
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Fig. 2: Well and 2D seismic trajectory map of the northern waters of Kangean Islands, East Java. The map highlights the position
of the JS5-1 well and the associated seismic line NS-15, illustrating the spatial orientation of the Java Sea (The basemap sources are
modified from the Geographic Information System (GIS), the General Bathymetric Chart of the Oceans (GEBCO), and the National

Oceanic and Atmospheric Administration (NOAA) 2024).
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The methodology follows a structured approach,
starting with an inventory of well and seismic data,
including recording markers, wellhead coordinates,
seismic traces and well intercepts, checking the values of
each well log and checkshot for velocity correction. After
all data has been inventoried, the seismic inversion
analysis stage of sweetness attribute analysis begins.
Seismic inversion analysis follows a structured workflow,
starting with data input, including setting the log
configuration in the synthetic seismogram, tuning
thickness analysis, sensitivity analysis, and wavelet
extraction with statistical methods, followed by seismic
calibration to align the impedance contrast. The process
continues with horizon retrieval, initial model
construction, and pre-inversion analysis, which results in
seismic impedance inversion using a model-based
inversion approach with soft constraints, thus producing
an impedance model for reservoir characterization.
Analysis of the sweetness attribute on Petrel includes
loading seismic and well data, applying pre-processing
techniques, and applying the sweetness attribute from
seismic interpretation.

4. Result and Discussion

4.1 Target Zone

The analysis of the JS5-1 well data provides a
comprehensive  understanding of the subsurface
characteristics within the Kudjung Formation. In this
section, we examine the results derived from various

petrophysical logs and integrate them with seismic data so
a clearer picture emerges of the potential hydrocarbon-
bearing zones. This sub-section will examine the
relationship between well log readings and seismic
interpretations, focusing on how these combined
methodologies enhance the understanding of reservoir
potential.

Asiillustrated in Fig. 3, the multi-log analysis highlights
key petrophysical parameters and their implications for
reservoir characterization, especially in detecting the
presence of hydrocarbons in the Kudjung Formation. The
NS-15 seismic section further reinforces the potential
target reservoir zones, correlating with the well logs,
where strong amplitude anomalies corresponding to the
zones of interest can be seen from the area in the red box
(Fig. 3). These combined indicators suggest that the
Kudjung formation, between 235-285 ms or 1780-2130 ft,
presents a promising hydrocarbon-bearing reservoir with
distinct seismic and petrophysical signatures. Gamma ray
and resistivity logs suggest the presence of potential
hydrocarbon zones?¥, particularly in the Kudjung
formation, where lower gamma ray readings indicate
cleaner sand formations. The neutron porosity and density
logs show a cross-over, suggesting the presence of
hydrocarbon in these intervals®). The caliper log remains
consistent, indicating stable borehole conditions, while
the P-wave velocity and checkshot data are aligned,
validating the seismic time-depth correlation®®).
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Fig. 3: Multi-log analysis of the JS5-1 well, showcasing key petrophysical parameters for reservoir characterization in the
Kudjung Formation.
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4.2 Tuning Thickness Analysis

The tuning thickness for the JS5-1 well, based on Table
1, reveals that the target zone in the Kudjung Formation
has an average velocity of 6778.74 ft/s and a dominant
frequency of 10 Hz. The corresponding wavelength (1),
calculated as the velocity divided by the frequency, is
approximately 677.87 ft. The tuning thickness, one-
quarter of the wavelength (A/4), amounts to 169.47 ft.

Table 1. Tuning thickness analysis

Target
Zone Dominant A= Tuning ?éggt
Average | Frequency VIf Thickness Thickness
Velocity (H2) (ft) M4 (ft) ()
(ft/s)
6778.74 10 677.87 169.47 1240

This value indicates the minimum thickness at which
constructive interference occurs in seismic reflections,
enhancing the amplitude of the reflections and potentially
improving the visibility of the reservoir?). The tuning
thickness analysis also adds precision to the reservoir
characterization. The tuning-bed thickness may be
desirable to simplify the assumption that lateral variations
in amplitude impedance (Al) result from lithologic
changes in the reservoir rather than alterations in the
acoustic characteristics of the embedding layer. Figure 4
shows a cross plot of composite amplitude impedance
(Al) against bulk density (RHOB), a statistical approach
to determining low-frequency tuning effects in the
Kudjung Formation. Frequency tuning is sensitive to bed
thickness and the acoustic impedance gradient of the
earth. The higher frequencies (shorter wavelengths) will
be more sensitive to lateral influences in thin beds. Thus,
the thicker bed will be better resolved with low frequency.
Given that the target zone thickness is 1240 ft,
significantly greater than the tuning thickness, this

analysis demonstrates that the seismic reflections within
the Kudjung Formation are well-resolved?,

4.3 Sensitivity Analysis

The cross plot of P-Impedance versus bulk density
(RHOB) with gamma ray (GR) color key effectively
differentiates lithologies within the JS5-1 well reservoir.
Two primary clusters are observed, as shown in Fig. 4; the
green cluster indicates shale, and the yellow cluster
indicates sandstone.

The green cluster is characterized by impedance values
ranging from 13,000 to 33,000 (ft/s)(g/cc), bulk densities
between 2.0 and 2.6 g/cc, and GR values of 50 to 84 API,
indicative of shale, which is typically associated with
higher gamma ray responses due to clay content®. High
gamma ray readings suggest a clay-rich environment that
acts as an effective seal or cap rock. The impermeable
nature of shales makes them critical for trapping
hydrocarbons within underlying porous reservoirs, which
in this case is the cleaner limestone unit®®. Moreover,
these shale formations are crucial in containing
hydrocarbons, acting as impermeable barriers?.

The yellow cluster shows impedance values from
27,000 to 55,000 (ft/s)(g/cc), with a bulk density of 1.4 to
2.2 glcc and lower GR values between 5 to 46 API,
indicating the presence of limestone, a clean carbonate
lithology with low radioactive mineral values®?. Several
studies confirm that high impedance values from 27,000
to 33,000 (ft/s)(g/cc) indicate the existence of a clean
carbonate environment characterized by high porosity and
fluid storage capacity®*3%. The impedance contrast
between the Prupuh and Kudjung Formations indicates a
denser and less porous lithology, likely to function as a
cap rock®. This enhances hydrocarbon retention in the
underlying Kudjung Formation, which serves as the
primary reservoir in this study.

P-Impedance vs Density Color Key
Well name: JS 5-1

Gamma Ray (APT)

RHOB (g/cc)

55

T T T T
5000 10000 15000 20000 25000 30000 35000 40000
P-Impedance_trans ((ft/s)*(a/cc))

T T T T
45000 50000 55000 60000 65000 70000 75000

Fig. 4: The P-Impedance vs. Density cross plot from JS5-1 well highlights two lithology types: shale, shown in green with higher
Gamma Ray values, and limestone, shown in yellow with lower Gamma Ray values.
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defining critical reservoir boundaries.

The log display presents the vertical distribution of P-
Impedance and bulk density (RHOB) as in Fig. 5,
providing clear lithological differentiation across the well
section. Alternating high and low impedance values are
evident, with the high-impedance yellow zones indicating
limestone formations, while the green, lower-impedance
zones reflect shale intervals®®. Shale intervals are
primarily observed between 1,800-2,180 ft and 4,650—
5,800 ft, while limestone dominates from 2,180—4,600 ft
and 5,800 ft to a maximum depth of 6,258 ft. Bulk density
data confirms that limestone exhibits higher density®".

The Kudjung Formation is identified as the primary
reservoir zone, characterized by clean limestone facies
with good porosity and permeability, making it a key
target for hydrocarbon exploration. This analysis provides
a detailed interpretation of depth and lithology type, which
is very helpful in making more informational decisions
based on log testing visualized with crossplots and cross-
sections, thereby reducing uncertainty in the predictive
model in characterizing the reservoir in this study®®.

4.4 Initial Model

The initial model analysis for the NS-15 seismic line,
integrated with well JS5-1 data, displays a detailed
acoustic impedance distribution across the stratigraphic
section (Fig. 6). The impedance variations are clearly
defined, with the Kudjung Formation positioned between
approximately 235-290 ms or equal to 1780-2120 ft,
showing moderate impedance values ranging from 27,000
to 40,000 (ft/s)(g/cc) and exhibits a significant impedance
contrast with surrounding formations, reinforcing its
potential as a hydrocarbon reservoir.

The initial model serves as the primary input for the
seismic inversion process, providing an initial
representation of acoustic impedance distribution.

Therefore, this model requires an accurate P-Impedance
log from wells to construct a realistic subsurface
representation. Additionally, wavelet calibration with P-
Impedance logs is crucial in evaluating the initial model.
This study uses a statistical wavelet characterized by zero-
phase, a 4 ms sample rate, a 619 ms wavelength, and a
dominant frequency of 10 Hz. Thus, the initial model must
be constructed based on consistent impedance logs and
integrated with a well-calibrated wavelet to ensure
accurate seismic inversion results and support reliable
geological interpretation®?,

This range indicates a favorable reservoir quality with
sufficient contrasts between the upper and lower bounding
formations. The impedance values in deeper sections,
such as the Tuban Formation, exhibit higher values above
40,000 (ft/s)(g/cc), suggesting a denser and less permeable
lithology. The gamma ray curve further corroborates these
observations, showing relatively low gamma values
within the Kudjung interval zone, indicating clean sand
intervals likely conducive to hydrocarbon accumulation.
The initial model accurately captures these key features,
ensuring stability, accuracy, and geological consistency
and providing a robust foundation for further inversion
processes to enhance reservoir characterization and
predict fluid distribution within the target zones*?.
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Fig. 6: The initial model shows clear impedance contrasts, with the Kudjung Formation between 260 and 315 ms displaying
moderate impedance suitable for reservoirs, while deeper Tuban layers show higher impedance, indicating lower permeability.

4.5 Pre-Inversion Analysis
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Fig. 7: The pre-inversion analysis results show a high correlation of 0.967 between synthetic and observed seismic traces,
highlighting the Kudjung and Tuban formations as key reservoir zones with minimal error, validating the seismic interpretation.

The pre-inversion analysis displayed in Fig. 7 for the
JS5-1 well over the NS-15 seismic line shows a well-
correlated synthetic seismic model with an overall
correlation coefficient of 0.967, indicating high alignment
between the synthetic and observed seismic traces. Key
horizons, including the Kudjung and Tuban Formations,
are marked, with distinct wavelet responses in both zones.
The Kudjung horizon, positioned between 260-315ms,
shows favorable impedance contrasts, particularly about
its overlying and underlying formations, suggesting its

potential as a reservoir zone. The minimal error (0.282)
found that a high degree of alignment between the pre-
inversion model and actual seismic data enhances the
accuracy of the geological interpretation*V), particularly in
delineating the boundaries of the Kudjung and Tuban
formations. The similarity between the synthetic seismic
traces and observed seismic data indicates that the
inversion results are acceptable. At the same time, the
wavelet and impedance logs confirm accurate alignment
with the expected geological structure. This analysis
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provides a robust foundation for subsequent seismic
inversion processes to characterize the target reservoirs
within the Kudjung Formation.

4.6 Seismic Inversion

The acoustic impedance inversion results for the NS-15
seismic line, integrated with JS5-1 well data, reveal
significant impedance contrasts that effectively delineate
reservoir zone distribution (Fig. 8). The shale zone with
high acoustic impedance values ranging from 35,159-
44,765 (ft/s)(g/cc) is indicated at a depth of <250 ms
before the Kudjung Formation, likely functioning as an
impermeable cap rock that effectively prevents
hydrocarbon seepage to the upper layers. The area
indicated by high acoustic impedance anomaly at depths
320-360 ms in the Kudjung Formation might be related to
a gas-filled carbonate limestone. Below the presumed cap
rock layer, a limestone zone with lower acoustic
impedance values of 27.729-33.575 (ft/s)(g/cc) was
found, can be seen in the red box (Fig. 8) and is located in

the Kudjung Formation at depths of 230-280 ms and 360—
480 ms. High resistivity and low gamma ray values were
observed at the zones of low acoustic impedance readings.
These zones have good permeability and porosity
properties for storing hydrocarbons and are the main
reservoir targets for exploration activities.

The distribution of limestone in this zone shows lateral
variations, which are most likely influenced by local
geological structures. The gamma ray curve overlaid on
the inversion profile supports this interpretation by
displaying low gamma ray readings consistent with clean
carbonate intervals®?. Furthermore, it validates the
presence of hydrocarbon-rich carbonate intervals by
highlighting low gamma ray values in the identified
reservoir zones*. At a depth of 480-650 ms, a relatively
higher impedance value of 35,159-44,765 (ft/s)(g/cc) is
obtained, which is indicated to be the source rock layer.
The lithology type in this layer is shale rock, which
functions as a source of hydrocarbons, which will then
migrate to the reservoir layer above it.

400
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Fig. 8: The inversion results for the NS-15 seismic line highlight significant impedance contrasts within the Kudjung Formation,
indicating its potential as a hydrocarbon reservoir. The formation exhibits moderate impedance values and high porosity, making it
an ideal exploration target.
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4.7 Sweetness Attribute
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Fig. 9: The seismic sweetness attribute analysis near JS 5-1 shows high sweetness values between 200-320 ms, indicating potential
porous hydrocarbon reservoirs.

The seismic window in Fig. 9 represents a section of
subsurface geology with overlaid sweetness attributes
commonly used to identify potential hydrocarbon
reservoirs. It displays seismic traces with color-coded
zones, where areas of high sweetness (yellow and orange)
indicate potential sweet spots zones characterized by high
amplitude and low frequency, suggesting porous,
hydrocarbon-bearing rocks. These sweet spots are
primarily observed between traces 500 and 720, extending
to depths between -100 ms and -700 ms, possibly
indicating promising reservoir zones. The JS 5-1 well,
which is centrally marked, serves as an important
calibration point, integrating data such as lithology and
fluid content with seismic information to improve the
interpretation of subsurface features. The presence of a
zone of high sweetness around the well, which can be seen
in the red box (Fig. 9), especially at a depth of 180-320
ms, indicates favorable conditions for accumulating
hydrocarbons, usually in limestone or carbonate
formations. The region exhibits reddish-yellow hues,
indicative of high amplitude and low frequency, as
derived from the sweetness attribute, which correlates
directly with amplitude and inversely with frequency**.
Additionally, the relatively continuous seismic reflections
indicate a stable geological structure, with some subtle
faulting that may act as traps for hydrocarbons. Further
validation via well logs, such as gamma rays and
resistivity, is required to confirm the presence of gas or
oil. In essence, a high sweetness value indicates a region
with high amplitude and low frequency*), making this
region a fairly effective candidate for hydrocarbon
exploration due to successfully detected sweetspots.

5. Conclusion

The Kudjung Formation has been identified as the
target reservoir zone, consisting of carbonate limestone at
a depth of 1780-2120 ft in the JS5-1 well. Model-based
acoustic impedance inversion successfully identified
hydrocarbon-bearing layers with low impedance values
(27,729-33,575  (ft/s)(g/cc)), indicating significant
reservoir potential. The accuracy of this approach is
reinforced by pre-inversion analysis, which demonstrates
a strong correlation between the inversion results and well
data, achieving a correlation coefficient of 0.967 (NS-15)
and a total error of 0.282. Additionally, the sweetness
attribute effectively detects hydrocarbon sweet spots by
identifying high-amplitude and low-frequency patterns
within the 180-320 ms depth range, improving
conventional seismic interpretation methods.

This study introduces an innovative approach by
integrating model-based acoustic impedance inversion
with sweetness attribute analysis to enhance reservoir
characterization accuracy. The proposed methodology
contributes to the technical and scientific community by
offering a more precise framework for reservoir
characterization, particularly in complex geological
settings such as isolated carbonate formations. This study
provides valuable insights for improving exploration
strategies and resource management in the hydrocarbon
industry by optimizing hydrocarbon reservoir detection by
combining seismic inversion and attribute analysis. This
study is limited by reliance on a single well and 2D
seismic data, which may not fully capture lateral reservoir
variability. Future research should incorporate 3D seismic
data, multi-well analysis, and machine learning to enhance
accuracy and predictive capabilities in hydrocarbon
reservoir characterization.
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