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Abstract ‘ Original Research Article

Identifying appropriate drilling sites is essential in hydrocarbon exploration and production, since precise site
selection directly affects drilling success and economic efficiency. Seismic data capture and interpretation are
fundamental to subsurface characterisation, offering geoscientists comprehensive insights into structural traps,
stratigraphic features, and reservoir attributes. Contemporary innovations in seismic imaging such as three-
dimensional (3D) and four-dimensional (4D) seismic surveys, seismic attribute analysis, and seismic inversion
have markedly improved the capacity to mitigate exploration risk and refine well location. These methods
provide accurate mapping of faults, anticlines, channel systems, and other geological characteristics indicative
of hydrocarbon concentration. This research employs a qualitative review technique, using contemporary
literature, industry reports, and empirical case studies to analyze the function of seismic data in finding potential
drilling locations. The results demonstrate that the amalgamation of seismic interpretation with well-log data
and petrophysical analysis enhances reservoir forecasting and reduces uncertainty in drilling choices.
Moreover, new methodologies like artificial intelligence and machine learning in seismic interpretation have
potential in automating attribute extraction and improving predictive modeling. The research affirms that
seismic data is essential in contemporary hydrocarbon exploration and advocates for ongoing technology
integration to enhance drilling precision, mitigate operational risk, and maximize resource extraction.
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1. INTRODUCTION remain indeterminate until the well is completed and
assessed (Daramola et al.,, 2024). The precise
identification of drilling sites is a crucial goal in
petroleum geoscience due to significant financial
risk (Baroni et al., 2022). An inadequately situated
well may yield a dry hole, causing considerable
financial loss, while a strategically positioned well,
informed by thorough subsurface analysis, might

Hydrocarbon exploration is fundamentally capital-
intensive and marked by significant geological,
technical, and economic uncertainty (Lawal et al.,
2024). The expense of drilling a solitary exploratory
well may reach millions of dollars, especially in
offshore and deep-water settings, while the results
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access economically viable reservoirs and optimize
resource extraction. Thus, minimizing subsurface
uncertainty has emerged as a primary objective of
contemporary exploration methodologies (Bashir et
al., 2025).

Seismic data is essential for subsurface imaging
since it offers indirect but highly useful observations
of rock characteristics and geological formations. In
contrast to direct geological observation at the
surface, seismic techniques depend on the formation,
transmission, and reflection of elastic waves inside
the Earth (Gokgeoglu et al., 2024). Differences in
acoustic impedance across various rock strata result
in the reflection of seismic waves back to the surface,
where they are captured by receivers. The captured
signals are further processed and analyzed to provide
subsurface pictures (Falowo et al., 2023).
Geoscientists can delineate stratigraphic sequences,
recognize faults and folds, and deduce lithological
changes that may signify oil resources (Yilmaz,
2021). Consequently, seismic exploration serves as
the principal reconnaissance method for assessing
potential basins before drilling.

Historically, seismic exploration started with two-
dimensional (2D) surveys, which yielded vertical
cross-sectional pictures along discrete survey lines.
Despite being a substantial technical advancement,
2D seismic exhibited several limitations, such as
limited geographical coverage and uncertainty in
structural interpretation across lines (Alsadi, 2017).
The change to three-dimensional (3D) seismic
collection represented a significant transformation in
exploratory geophysics. Through the acquisition of
seismic data across dense grids, 3D seismic
technology facilitated the creation of volumetric
subsurface pictures, significantly enhancing spatial
resolution and reducing interpretational ambiguity
(Alsadi, 2017). This advancement enabled
geoscientists to envision intricate geological
formations in three dimensions, enhancing their
comprehension of reservoir geometry and continuity.

The following advent of four-dimensional (4D) or
time-lapse  seismic  technology  dramatically
transformed  hydrocarbon  exploration  and
production. In contrast to 3D seismic, which offers a
static representation of the subsurface, 4D seismic
entails conducting repeated surveys over time to

observe changes in reservoir characteristics
throughout production. These alterations may
include fluid dynamics, pressure reduction, or gas
incursion (Rigzone, 2025). Reservoir engineers may
enhance production plans, increase recovery
efficiency, and reduce operational hazards by
examining discrepancies between consecutive
surveys (Brown, 2019). Consequently, seismic
technology has transitioned from a solely
exploratory instrument to a vital element of reservoir
management and field development strategy.

Contemporary  seismic  interpretation is a
multidisciplinary endeavor that amalgamates many
analytical methodologies to enhance prospect
assessment. Structural interpretation emphasizes the
delineation of faults, folds, and trap geometries that
may contain hydrocarbons, while stratigraphic
interpretation investigates depositional settings and
sedimentary facies to ascertain the quality of
reservoir rocks (Rigzone, 2025). Furthermore,
amplitude variation with offset (AVO) analysis
elucidates fluid content and lithology by examining
the alterations in seismic reflection amplitudes
relative to the distance between the source and
receiver (i.e., offset) (AVO, n.d.). The amalgamation
of these methodologies allows geoscientists to
diminish uncertainty and enhance assurance in
pinpointing feasible drilling opportunities.

Hydrocarbons accumulate in sedimentary basins
when organic-rich source rocks produce petroleum
that migrates into porous and permeable reservoir
rocks, becoming confined behind impermeable seals,
therefore facilitating hydrocarbon accumulation in a
reservoir (Britannica, 2026). Structural traps,
including anticlines, fault traps, and salt-related
formations, are prevalent environments for
hydrocarbon accumulation (Britannica, 2026).
Stratigraphic  traps, such as pinch outs,
unconformities, and channel fills, significantly
contribute to hydrocarbon trapping (Britannica,
2026). Seismic data enables the detailed
visualization and mapping of these characteristics,
allowing exploration teams to evaluate trap integrity,
reservoir extension, and probable hydrocarbon
amounts.

As development increasingly focuses on deeper
reservoirs, frontier basins, and intricate geological
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conditions including subsalt provinces and ultra-
deep water settings, the significance of modern
seismic technology continues to escalate. High-
performance computation, advanced acquisition
methods, and refined processing algorithms have
improved seismic imaging in formerly challenging
locations. These innovations mitigate exploration
risk, enhance drilling success rates, and optimize
resource recovery (Sheriff & Geldart, 2022). In this
context, seismic exploration is an essential
instrument in the worldwide pursuit of hydrocarbons
and is pivotal in directing strategic drilling choices.

2. LITERATURE REVIEW

Seismic investigation is based on the concepts of
wave propagation and reflection. Upon encountering

interfaces between rocks with differing acoustic
impedances, seismic waves reflect a portion of their
energy back to the surface, where it is captured by
geophones or hydrophones (Yilmaz, 2021). The
captured signals are analyzed to produce seismic
sections that depict subsurface formations.

Recent studies underscore the significance of 3D
seismic surveys in structural mapping and reservoir
identification. Chopra and Marfurt (2020) assert that
3D seismic data significantly improves fault
identification, stratigraphic interpretation, and
amplitude analysis relative to conventional 2D
techniques. High-density 3D seismic surveys
enhance vertical and horizontal resolution, allowing
more precise well placement.

Area cover for 3D seismic information

J Information acquired in the 3D survey
¢ ) Migration Problems in the 3D survey

Fig 1: Comparison of 2D and 3D seismic data using same scale and location. The lines are oriented from south
to north. Lines a, b, and c pertain to two-dimensional seismic data. The letters &', b, and ¢’ pertain to the 3D
seismic picture.
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Seismic attribute analysis has become an effective
method for detecting lithological differences and
fluid indications. Attributes include coherence,
curvature, sweetness, and spectrum breakdown
facilitate the identification of nuanced stratigraphic
structures and fracture networks (Chen et al., 2021).
These characteristics improve the understanding of
depositional settings and reservoir variability.

Seismic inversion methods transform seismic
reflection data into quantitative models of rock
properties, including acoustic impedance and elastic
characteristics. Elastic inversion integrated with
AVO analysis may differentiate between gas-bearing
sands and brine-saturated deposits (Russell &
Hampson, 2020). These strategies mitigate drilling
risk by enhancing reservoir characterisation before
drilling begins.

Additionally, time-lapse (4D) seismic monitoring
offers insights into changes in the reservoir during
production. Operators may monitor fluid dynamics
and enhance infill drilling sites by analyzing
successive seismic surveys over time (Lumley,
2018).

The amalgamation of seismic data with well logs,
core samples, and geological models is extensively
advocated to enhance drilling choices. Integrated
interpretation reduces ambiguity and bolsters
confidence in prospect assessment (Sheriff &
Geldart, 2022).

3. METHODOLOGY

This study employs a qualitative research approach
grounded on a comprehensive assessment of
contemporary academic literature, technical industry
reports, and recorded case studies that concentrate on
the use of seismic data for finding prospective
drilling sites. The research integrates theoretical
ideas, processing methodologies, and empirical field
outcomes to assess the role of seismic data in
informing drilling decisions for hydrocarbon
exploration.

The methodological framework has four key
analytical components:

3.1 Data Acquisition Review

This component analyzes seismic survey acquisition
methodologies, including 2D, 3D, and 4D (time-
lapse) seismic systems. The assessment examines
acquisition geometry, source-receiver arrangements,
fold coverage, spatial sample density, and their
influence on subsurface imaging resolution.

Emphasis is placed on the benefits of 3D seismic
volumes for structural delineation and stratigraphic
interpretation, along with the significance of 4D
seismic in reservoir monitoring and infill drilling
optimization. Industry case studies were examined to
evaluate the impact of acquisition design on drilling
precision and risk mitigation.

3.2 Processing Workflow Analysis

This section assesses the successive processing
procedures that convert raw seismic field recordings
into interpretable subsurface pictures. This research
examines a processing workflow that adheres to
industry-standard protocols (Yilmaz, 2021) and
encompasses:

3.21 Geometry  Definition and Data
Conditioning:  Allocation of source-receiver
coordinates, trace  modification,  amplitude
restoration, and noise attenuation to ready raw field
data for processing.

3.2.2 Deconvolution: Elimination of source wavelet
influences and short-period multiples to augment
vertical resolution and refine reflectivity analysis.

3.2.3 Velocity Analysis: Estimation of subsurface
velocity models using semblance analysis and well
calibration to guarantee precise depth conversion and
migration.

3.2.4 Normal Moveout (NMO) Correction and
Stacking: Adjustment of offset-dependent journey
durations followed by the aggregation of traces to
enhance the signal-to-noise ratio.

3.2.5 Migration (Time and Depth Migration): The
adjustment of seismic events to accurately reflect
their actual subsurface positions. Pre-stack depth
migration (PSDM) is specifically highlighted for
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imaging intricate formations, including salt bodies
and thrust faults.

3.2.6 Post-Migration Processing and Attribute
Extraction: Implementation of filtering, spectral
enhancement, and calculation of seismic
characteristics including coherence, curvature, and

amplitude anomalies for comprehensive structural
and stratigraphic analysis.

The research evaluates the contribution of each
processing step to enhancing image quality,
structural precision, and reservoir predictability.

Seismic Data

Deconvolution

Velocity Analysis

—
—
—
m
o

Migration

Fig 2: The seismic processing workflow (deconvolution — velocity analysis — stacking — migration)

3.3 Assessment of Interpretation Techniques

This segment assesses the procedures used in
interpretation to ascertain possible drilling sites,
encompassing:

i.  Structural mapping of faults, folds, and
closures.
ii.  Seismic stratigraphic analysis of depositional
systems
iii.  Amplitude Versus Offset (AVO) study for
fluid differentiation
iv.  Seismic inversion for rock-property estimate,
both post-stack and pre-stack
The analysis explores how these methodologies
mitigate geological uncertainty and improve
prospect assessment.

3.4 Integration Approach

The concluding methodological phase entails
evaluating interdisciplinary integration strategies.
This entails connecting seismic-derived structural
and property models with well logs, core data, and
geological frameworks to enhance drilling
objectives.

This study's integration methods highlight the
calibration of seismic inversion outcomes with
petrophysical data to enhance predictions of
reservoir thickness and porosity estimate. The
evaluation of machine learning-assisted
interpretation in improving pattern identification and
defect detection is conducted.
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Publications subjected to peer review from 2018 to
2024 were selected to guarantee the incorporation of
new technology innovations and current industrial
practices.

4. RESULTS

The research indicates that using seismic data
significantly improves the identification and
assessment of viable drilling sites by enhancing
structural  definition, stratigraphic  resolution,
reservoir characterisation, and overall risk appraisal.
Contemporary seismic methods enhance both
subsurface geometry mapping and the prediction of
reservoir quality and fluid presence with increased
accuracy.

Structural Mapping: High-resolution 3D seismic
imaging offers intricate visualization of subsurface
structural frameworks, enabling precise
identification of anticlines, fault systems, rollover
structures, and salt domes that often function as
petroleum traps. In contrast to traditional 2D surveys,
3D seismic volumes provide enhanced lateral
continuity and spatial coverage, enabling interpreters
to delineate closures with more accuracy and assess
trap dimensions effectively. Advanced migration
methods, including pre-stack depth migration
(PSDM), rectify velocity distortions and enhance
reflector location in geologically intricate settings,
including sub-salt provinces and fold-and-thrust
belts (Brown, 2019). These enhancements mitigate
structural ambiguity and bolster confidence in
pinpointing suitable drilling locations.

Stratigraphic Interpretation: In addition to
structural traps, seismic data is essential for
recognizing stratigraphic traps and depositional
architectures. The utilization of seismic attributes—
namely coherence, curvature, amplitude extraction,
and  spectral  decomposition—facilitates  the
identification of nuanced features such as channel
sands, submarine fan systems, carbonate reef
formations, and stratigraphic pinch-outs that may
contain hydrocarbons (Chen et al., 2021). Spectral
decomposition methods, namely, improve vertical
resolution and uncover thin-bed geometries that may
otherwise go unnoticed in standard amplitude
sections.  These  techniques enhance the

reconstruction of depositional settings and refine
predictions on  reservoir  continuity  and
heterogeneity, ultimately bolstering  prospect
appraisal.

Reservoir Characterization: Seismic inversion
methods convert reflection amplitude data into
quantitative models of rock properties, including
acoustic impedance and elastic characteristics. These
models are associated with lithology, porosity, and
fluid content, allowing more dependable reservoir
quality predictions before drilling (Russell &
Hampson, 2020). Through the integration of
inversion results and well-log calibration,
geoscientists may more accurately predict net pay
thickness, porosity distribution, and reservoir
extension. This quantitative method improves
volumetric assessment and facilitates informed
drilling choices, especially in frontier exploration
regions with restricted well control.

Risk Mitigation: Amplitude Versus Offset (AVO)
study significantly enhances fluid differentiation by
assessing variations in reflection amplitude with
increasing offset distance. This method aids in
differentiating hydrocarbon-bearing sands from
water-saturated deposits, hence decreasing the
likelihood of drilling unproductive wells (Chopra &
Marfurt, 2020). The integration of seismic inversion
and attribute analysis with AVO interpretation
enhances prospect ranking and facilitates a more
objective risk assessment. The review demonstrates
that the methodical use of these strategies reduces
exploration uncertainty and enhances economic
results.

Enhanced Well Placement and Development
Strategy: Integrated  seismic  interpretation
optimizes well trajectory design, especially for
horizontal and deviated wells. By precisely
delineating  reservoir ~ geometry,  thickness
fluctuations, and fault delineations, operators may
enhance well positioning to improve reservoir
interaction and production efficacy (Sheriff &
Geldart, 2022). The amalgamation of seismic data
with geological models and petrophysical logs
guarantees that drilling sites are chosen based on
structural closure as well as reservoir deliverability
and continuity. This interdisciplinary method
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enhances drilling success rates and facilitates
effective field development methods.

The results affirm that seismic data, particularly
when combined with geological and petrophysical
information, substantially improves drilling site

elevates the likelihood of successful hydrocarbon
discovery.

Table 1 summarizes the primary applications of
seismic data in identifying potential drilling
locations, highlighting the techniques employed and

identification, mitigates exploration risk, and their benefits.

Table 1: Key Applications of Seismic Data in Identifying Potential Drilling Locations

Application Seismic Technique Purpose / Benefit References

Accurate delineation of anticlines, | Brown, 2019
faults, and salt domes; reduces
structural uncertainty

Seismic attributes, spectral | Identification of channel sands, reef | Chen et al.,

Structural Mapping | 3D seismic imaging, PSDM

Stratigraphic

Interpretation decomposition buildups,  pinch-outs; improves | 2021
reservoir continuity
Reservoir Seismic inversion Quantitative estimation of acoustic | Russell &

Characterization impedance and porosity; predicts | Hampson, 2020
reservoir quality
AVO analysis Fluid discrimination; reduces | Chopra &
likelihood of drilling dry wells Marfurt, 2020

interpretation | Optimizes horizontal/deviated well | Sheriff &

maximizes  reservoir | Geldart, 2022

Risk Reduction

Improved Well | Integrated
Placement (seismic + well logs + | trajectories;
geological models) contact

5. CONCLUSION

Seismic data is an essential instrument in
hydrocarbon exploration and the determination of
ideal drilling sites. It offers high-resolution
subsurface imaging that enables precise mapping of
structural traps, stratigraphic features, and reservoir
distributions. Advancements in seismic
acquisition—especially 3D and 4D surveys—have

in intricate geological contexts, including deepwater
and sub-salt environments. Interpretation methods,
including seismic attribute analysis, Amplitude
Versus Offset (AVO) analysis, and seismic
inversion, now provide quantitative insights into
lithology, porosity, and fluid content, therefore
enhancing reservoir prediction and mitigating the
risk of drilling non-productive wells.

markedly enhanced spatial resolution and decreased
uncertainty in structural interpretation, resulting in
more accurate well placement.

Advancements in seismic processing methodologies,
including sophisticated migration algorithms and
velocity models, have augmented imaging precision

The amalgamation of seismic data with well logs,
petrophysical data, and geological models enhances
decision-making by guaranteeing that drilling
objectives are assessed within a multidisciplinary
context. As exploration ventures into deeper and
more geologically intricate areas, dependence on
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modern seismic technologies will increase,
solidifying their pivotal position in mitigating risk
and enhancing hydrocarbon extraction.

5.1 Recommendations

i.  Continuous investment in high-resolution 3D
and 4D seismic surveys must be emphasized
to improve subsurface imaging precision and
mitigate structural uncertainty. High-density
acquisition and time-lapse monitoring
enhance the identification of intricate traps,
fault systems, and reservoir limits, especially
in deep water and structurally complicated
settings.  Continuous  investment  in
sophisticated acquisition technology will
markedly enhance drilling accuracy and
reduce exploration risk.

ii.  Seismic inversion and Amplitude Versus
Offset (AVO) analysis must be consistently
included into prospect appraisal processes to
enhance reservoir characterisation and fluid
discrimination. These quantitative methods
provide essential insights into acoustic
impedance, lithology, porosity, and
hydrocarbon present, hence reducing the
probability of drilling non-productive wells
and enhancing overall success rates.

iili.  The integration of artificial intelligence and
machine learning algorithms into seismic
interpretation methods should be vigorously
promoted. Automated fault recognition,
facies categorization, and seismic attribute
extraction may augment interpretation
efficiency, diminish subjectivity, and boost
predictive modeling accuracy, particularly
when managing extensive 3D seismic

volumes.
iv.  Strengthening multidisciplinary cooperation
among geophysicists, geologists,

petrophysicists, and reservoir engineers is
essential for a thorough assessment of
drilling possibilities. Integrated subsurface
models that amalgamate seismic, well-log,
and geological data provide a more
dependable foundation for decision-making
and enhance drilling site selection within a

comprehensive  reservoir

framework.

development
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