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Abstract

This study presents a Python-based workflow for seismic-to-well tying, reservoir correlation, and structural mapping
using well-log and 3D seismic data from the Kolo Creek Field in the Niger Delta Basin. The study aimed to evaluate the
applicability of open-source scientific computing tools for seismic interpretation and reservoir characterization
traditionally performed using proprietary software. Gamma ray, resistivity, sonic, and density logs were integrated with
3D seismic data for reservoir identification, synthetic seismogram generation, seismic-to-well tying, horizon
interpretation, and structural mapping. Acoustic impedance and reflection coefficient series were computed from the
sonic and density logs, after which synthetic seismograms were generated using a 25Hz zero-phase Ricker wavelet. The
results revealed laterally continuous reservoir intervals with depths ranging from 11,598ft to 12,248ft across the
study area. Seismic-to-well tying identified the reservoir top at approximately 978.87ms two-way travel time and
produced a calibrated average interval velocity of approximately 24,016ft/s for depth conversion. The generated time
and depth structure maps revealed a regional structural dip with localized structural closures that may represent
favorable hydrocarbon trapping configurations. Comparison between the Python-derived depth structure map and a
previously published Petrel-derived interpretation showed strong agreement in structural trends and contour
geometry. The study demonstrates that Python-based workflows provide a reliable, reproducible, and cost-effective
framework for seismic interpretation, structural mapping, and reservoir characterization within academic and research
environments.

Keywords: Seismic-To-Well Tie; Reservoir Characterization; Structural Mapping; Niger Delta; Python Workflow

1. Introduction

Reservoir characterization remains an important aspect of hydrocarbon exploration and field development because it
provides insight into subsurface structure, reservoir continuity, and potential trapping conditions within sedimentary
basins [1, 2]. In seismic reservoir studies, one of the most widely applied approaches for linking geological information
from wells with subsurface seismic reflections is seismic-to-well tying [3, 4]. Through this process, reflection events
observed on seismic sections can be calibrated to lithologic boundaries and reservoir intervals identified from well logs,
thereby improving confidence in horizon interpretation and structural mapping.

Synthetic seismogram generation forms a fundamental component of seismic-to-well tie analysis. Acoustic impedance
contrasts derived from sonic and density logs are transformed into reflection coefficient series and convolved with a
seismic wavelet to generate synthetic traces that approximate real seismic responses [5-7]. Matching the synthetic trace
with seismic reflections at the well location establishes the relationship between subsurface geology and seismic travel
time, which subsequently guides horizon interpretation and depth conversion [8].
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Most seismic interpretation workflows involving synthetic seismogram generation, horizon picking, structural
mapping, and depth conversion are traditionally performed using proprietary geophysical software platforms. While
these platforms are widely used within the petroleum industry, their high licensing and maintenance costs often limit
accessibility in academic and research environments, particularly in developing countries [9]. This limitation affects
practical training, computational experimentation, and workflow reproducibility within university-based geoscience
programs [10, 11].

Recent developments in open-source scientific computing have increased the application of Python in geophysical data
analysis and seismic interpretation [12-15]. Python provides a flexible computational environment supported by
libraries for numerical analysis, seismic visualization, scientific plotting, and well-log processing. These tools have
created opportunities for developing reproducible and low-cost interpretation workflows that can support both
research and teaching applications.

The Niger Delta Basin presents a suitable environment for evaluating such workflows because of its structurally
complex growth-fault systems and interbedded sand-shale sequences associated with hydrocarbon accumulation [16-
18]. Reservoir distribution within the basin is commonly controlled by rollover structures, fault-assisted closures, and
stratigraphic variability, making seismic calibration and structural mapping important components of reservoir
evaluation.

Although several studies have applied seismic-to-well tying and structural interpretation within the Niger Delta Basin
[19-21], fewer studies have demonstrated integrated Python-based workflows that combine well-log correlation,
synthetic seismogram generation, horizon interpretation, structural mapping, and depth conversion within a unified
open-source framework [22]. This study therefore presents a Python-based workflow for seismic-to-well tying, horizon
interpretation, and structural mapping using well-log and 3D seismic data from the Kolo Creek Field in the Niger Delta
Basin. The study further evaluates the capability of open-source scientific computing tools to produce structurally
reliable reservoir interpretations comparable to those generated using conventional commercial interpretation
platforms.

1.1. Study Area and Geological Setting of the Study Area

The study was carried out using seismic and well-log data obtained from the Kolo Creek Field located within the onshore
Niger Delta Basin, southern Nigeria. The Niger Delta is one of the most prolific hydrocarbon provinces in the world and
has remained a major focus of petroleum exploration due to its large sedimentary thickness, favorable structural setting,
and extensive hydrocarbon reserves [17, 18]. The basin occupies the Gulf of Guinea continental margin and developed
during the separation of the African and South American plates in the Late Jurassic to Early Cretaceous [23].

Sedimentation within the Niger Delta occurred under a prograding deltaic system that resulted in the deposition of thick
sequences of sands and shales [23]. The basin is generally subdivided into three major lithostratigraphic units: the
Akata, Agbada, and Benin Formations [17, 18, 24]. The Akata Formation forms the basal marine shale unit and is widely
regarded as the principal hydrocarbon source rock within the basin [25]. Overlying the Akata Formation is the Agbada
Formation, which consists of alternating sandstone and shale sequences deposited in paralic environments [17]. The
Agbada Formation contains most of the economically productive reservoirs in the Niger Delta [18]. The upper Benin
Formation is predominantly composed of continental sands with minor shale intercalations and constitutes the
freshwater-bearing section of the basin [24].

The Kolo Creek Field is characterized by typical Niger Delta structural features, including growth faults, rollover
anticlines, and fault-assisted closures formed as a result of deformation that occurred during sediment deposition
associated with rapid sediment loading [16, 26]. These structural elements play a significant role in hydrocarbon
migration and trapping within the field [16]. Reservoir units in the area are commonly composed of stacked sandstone
bodies interbedded with shale layers deposited under fluvio-deltaic conditions [18].

Several exploration and development activities carried out within the Kolo Creek Field have resulted in the acquisition
of extensive well-log and 3D seismic datasets. The availability of these datasets makes the field suitable for seismic-to-
well tie studies, structural interpretation, and reservoir characterization. In addition, the structural complexity and
reservoir distribution within the field provide a suitable framework for evaluating the applicability of Python-based
computational workflows in seismic interpretation and subsurface mapping.
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2.1. Materials

The study utilized 3D post-stack seismic data (consisting of 849 inlines, 441 crosslines, and 1501-time samples recorded
at a sampling interval of 4ms) and well-log data obtained from a reservoir interval within the Niger Delta Basin. The
available well logs included gamma ray, resistivity, sonic, and density logs. The seismic data were stored in SEG-Y
format, while the well logs were provided in LAS format. Python libraries such as NumPy, Pandas, Matplotlib, Plotly,
SciPy, Segyio, Lasio and IPython Display were used for numerical computation and data management.

2.2. Method

The method employed in this research work is summarized in the workflow in figure 2.

2.2.1. Well Log Correlation

Reservoir intervals were identified and correlated across the available wells using gamma ray and resistivity logs. The
gamma ray log was primarily used for lithologic discrimination because shale intervals generally exhibit higher gamma
ray responses compared to cleaner sandstone units. Resistivity logs were subsequently used to identify intervals with
relatively higher resistivity values that may indicate hydrocarbon-bearing sands.

The correlation process involved matching corresponding reservoir tops and bases across the wells based on
similarities in log character and stratigraphic continuity. Correlated intervals were interpreted as laterally continuous
reservoir units within the field. Well-log visualization and correlation panels were generated using Matplotlib.

2.2.2. Acoustic Impedance and Reflection Coefficient Estimation

Acousticimpedance (Al) was estimated from the sonic and density logs. According to Kamel and Mabrouk [28], acoustic
impedance represents the resistance of a formation to seismic wave propagation and is expressed as:

Al = pv (D

Where p is density and v is compressional velocity. The compressional velocity was estimated for the sonic log using
the relationship in equation 2.

_10°

Where At is the sonic transit time in microseconds per foot (us/ft).

Changes in acoustic impedance across geological boundaries produce seismic reflections. Reflection coefficients (R)
were therefore computed from adjacent impedance contrasts using equation 3.

_ AimAig
- Ai+Ai_q (3)

Where 4; and A;_, are acoustic impedances of adjacent layers.

The reflection coefficient series provided a representation of the subsurface reflectivity structure required for synthetic
seismic generation.

2.2.3. Synthetic Seismogram Generation

Synthetic seismograms were generated by convolving the reflection coefficient series with a seismic wavelet. The
convolutional model assumes that a seismic trace can be represented as the convolution of the earth’s reflectivity with
a propagating seismic wavelet:

S(t) = W(t) X R(t) (4)

Where S(t) represents the synthetic seismic trace, W (t) represents the seismic wavelet and R(t) represents the
reflectivity series.

A 25Hz zero-phase Ricker wavelet was adopted for this study. The choice of a zero-phase wavelet was considered
appropriate because reservoir units within the Niger Delta are commonly interpreted using seismic data with dominant
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frequencies within this range, providing an effective balance between vertical resolution and reflector continuity in
sand-shale sequences. The Ricker wavelet is mathematically expressed according to Yilmaz [29] as seen in equation 5:

W) = (1 — 2r2f2e2)e ™1t (5)
Where f is the dominant frequency and t is time.

Wavelet generation and convolution operations were implemented using NumPy and SciPy.

2.2.4. Time-Depth Relationship and Well Tie

The sonic log was used to establish the relationship between reservoir depth and seismic travel time. Since seismic
reflections are recorded in two-way travel time (TWT), conversion between depth and time was necessary for seismic-
to-well tying. Travel time was estimated through cumulative integration of interval transit times using equation 6.

d
TWT=2fR% (6)

Where dz represents depthe increments and v(z) represents interval velocity.

The generated synthetic seismogram was matched with the seismic trace nearest to the well position in order to identify
the reflector corresponding to the reservoir interval. The well tie established a direct relationship between geological
boundaries observed in the well logs and reflection events observed on the seismic section.

Based on the calibrated well tie, the average interval velocity (vg,4) was estimated using equation 7.

2D
Vavg = TWT (7)

Where D is the reservoir depth.

2.2.5. Horizon Interpretation

Reservoir horizons were interpreted on inline and crossline seismic sections extracted from the 3D seismic volume.
Interactive seismic visualization and horizon picking were performed using Plotly within the Python environment.

Manual interpretation was adopted because portions of the reservoir reflector exhibited variations in continuity and
amplitude character. Manual picking allowed improved geological control during reflector tracking and reduced the
likelihood of automated mispicks across structurally complex areas.

The interpreted picks were automatically stored and updated within a Pandas dataframe and exported into CSV format
for subsequent structural mapping. Horizon tracking was guided by reflector continuity, amplitude consistency, and
calibration from the seismic-to-well tie.

2.2.6. Structural Mapping

The interpreted horizon picks were used to generate time and depth structure maps. Spatial interpolation of the picks
was performed using linear interpolation implemented through the SciPy library. Linear interpolation was preferred
because it minimized artificial oscillations and unrealistic closures that may arise from higher-order interpolation
methods according to Lemaire et. al. [30].

True seismic survey coordinates extracted from the SEG-Y headers (CDP_X and CDP_Y) were used instead of inline-
crossline indices in order to preserve the actual geometry of the seismic survey. This approach produced geographically

referenced structural maps that more accurately represented the spatial distribution of the reservoir surface.

Gaussian smoothing was subsequently applied to reduce localized picking noise and improve contour continuity across
the mapped surface. Contour generation and map visualization were carried out using Matplotlib.
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2.2.7. Depth Conversion

Depth conversion of the interpreted horizon was carried out using the calibrated average velocity model derived from
the seismic-to-well tie. The conversion from time to depth was achieved using equation 8.

VapgXTWT
2

Depth = (8)

The calibrated velocity approach was adopted because it preserved the structural geometry observed on the time map
while producing geologically consistent depth contours across the study area. The final depth structure map was
subsequently generated through interpolation and contouring of the converted depth values.

To evaluate the reliability of the developed Python-based workflow, the interpreted horizon was further compared with
a previously published Petrel-derived depth structure map by Davies et al [31], generated from the same seismic and
well-log datasets. The published Petrel interpretation served as a reference model for assessing the structural
consistency of the Python-generated results. Comparative analysis between both interpretations was carried out based
on contour geometry, regional dip orientation, and the spatial distribution of structural highs and lows across the
reservoir interval.

3. Results

The results obtained from the integration of well-log and 3D seismic data within the Python-based interpretation
workflow developed for the Kolo Creek Field are presented below. The results include well-log correlation, synthetic
seismogram generation, seismic-to-well tie analysis, horizon interpretation, time structure mapping, and depth
structure mapping of the identified reservoir interval.

The interpreted reservoir unit was identified and correlated across the available wells using gamma ray and resistivity
logs, after which synthetic seismograms were generated from the sonic and density logs for seismic calibration. The
seismic-to-well tie established a relationship between the reservoir interval and its corresponding seismic reflection
event, thereby improving confidence in horizon identification and structural interpretation.

Interactive horizon picking was subsequently carried out on inline and crossline seismic sections, and the interpreted
picks were used to generate time and depth structure maps of the reservoir top. The resulting structural maps were
analysed to evaluate the geometry, continuity, and structural configuration of the reservoir within the study area.

el Locathons
1ek00
12200
=
i
& OO0 i-a- 2
li_3
: L
7000
- -
L]
.,'J-II_J
Pty
A3 100 AN 00D A3B00D 434000 35000 33000 A3 T2
Liefugal e
(a)

2282



World Journal of Advanced Research and Reviews, 2026, 30(02), 2277-2291

14cos o

100000

A0S

R i

Wedl Locations on Seismic Survey

arns00

10002 “x008 410020
Lorvip st

(b)

Figure 3 (a) Well locations in the study area (b) Well Location within the seismic geometry

sy = Depth (ft)
§ EEEEE 2 og g8zt o8

g

-

-

?

Table 1 Corelated reservoir intervals

Figure 4 Correlated reservoir intervals

Well | Reservoir Interval (ft) | Reservoir Thickness (ft)
Well-5 | 11598-11827 229
Well-4 | 11693-11925 232
Well-3 | 11949-12219 270
Well-1 | 11756-11942 186
Well-2 | 11962-12248 286
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Figure 7 Interpreted horizon (green line) on inline 539 at the well location (black vertical line) guided by the

correlated horizon (blue horizontal line)
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Figure 10 Depth structural map

Figure 11 presents the previously published Petrel-derived depth structure map of the reservoir interval interpreted
from the same seismic dataset. The map provides a reference for evaluating the structural trends and contour patterns
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obtained from the Python-based interpretation workflow. Similarities observed between both interpretations were
subsequently used to assess the reliability of the generated depth structure within the study area.
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Figure 11 Petrel-derived depth structural map with the same dataset [31]

4., Discussion

The distribution of the wells within the seismic survey geometry shown in Figure 3 provided adequate spatial control
for reservoir correlation and seismic calibration across the study area. The positioning of the wells across structurally
different portions of the field improved confidence in the continuity of the interpreted reservoir interval and reduced
uncertainty during horizon tracking and structural mapping.

The correlated reservoir intervals presented in Figure 4 and Table 1 exhibit relatively consistent log character across
the wells, suggesting lateral continuity of the mapped sandstone unit within the field. The intervals are characterized
by comparatively lower gamma ray responses and elevated resistivity values, which are consistent with sandstone
reservoirs within the Agbada Formation of the Niger Delta Basin [32, 33]. Variations in reservoir thickness observed
between the wells likely reflect localized depositional and structural influences associated with deltaic sedimentation
and synsedimentary deformation within the basin [34]. The relatively thicker reservoir intervals encountered in Well-
2 and Well-3 may indicate localized sand accumulation or structural preservation within those portions of the field [35].

The acoustic impedance and reflection coefficient traces shown in Figure 5 reveal distinct impedance contrasts across
the reservoir interval, confirming the presence of acoustic boundaries capable of generating identifiable seismic
reflections [36]. These impedance variations formed the basis for synthetic seismogram generation and seismic-to-well
tying. The reasonable correspondence observed between the synthetic trace and the real seismic response in Figure 6
indicates that the generated synthetic seismogram adequately reproduced the seismic character of the reservoir
interval. The adoption of a 25 Hz zero-phase Ricker wavelet contributed to improved reflector alignment because the
symmetric wavelet response positioned reflection peaks and troughs directly over impedance boundaries. The
identified reflector at approximately 978.87ms therefore provided the calibration required for subsequent horizon
interpretation and structural mapping.

The interpreted horizon displayed in Figure 7 exhibits relatively continuous reflector character across the seismic
section, suggesting lateral persistence of the mapped reservoir surface. The spatial distribution of the horizon picks
shown in Figure 8 further indicates that the interpreted reflector was tracked consistently across the seismic volume.
Although localized amplitude variations and reflector discontinuities were observed in some portions of the seismic
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section, manual interpretation allowed improved geological control during reflector tracking, particularly within
structurally disturbed regions where automated picking methods may produce unstable interpretations.

The time structure map presented in Figure 9 reveals a regional structural dip in which the reservoir generally deepens
toward the northeastern portion of the field and becomes relatively shallower toward the southwest. This structural
configuration is consistent with the growth-fault-controlled depositional architecture commonly associated with the
Niger Delta Basin [37, 38]. The localized contour closures and structural undulations observed within the mapped
surface may represent potential hydrocarbon trapping configurations associated with rollover deformation and fault-
assisted structural development [18, 39]. These closures may also indicate areas of localized sediment accommodation
and differential compaction within the reservoir interval [40].

Depth conversion of the interpreted horizon was carried out using the calibrated average depth-conversion velocity
derived from the seismic-to-well tie relationship shown in equation 8. Using the tied reservoir depth from Well-1 and
the corresponding seismic travel time, an average depth-conversion velocity of approximately 24,016 ft/s was derived
and applied across the mapped interval. The estimated velocity is consistent with increasing sediment compaction and
consolidation commonly associated with deeper Agbada Formation reservoirs within the Niger Delta Basin [41, 42].
Although the adopted velocity model represents a simplified average approximation, the resulting depth conversion
preserved the overall structural geometry observed on the time map and produced geologically consistent depth
contours across the study area.

The depth structure map shown in Figure 10 maintains the same general structural style observed on the time structure
map, indicating that the applied velocity model introduced minimal structural distortion during depth conversion. The
progressive deepening of the reservoir toward the northeastern section of the field may reflect increasing sediment
loading and structural subsidence within that portion of the basin according to Wei et. al. [43]. In contrast, the relatively
shallower southwestern region may represent structurally elevated portions of the reservoir that could favour
hydrocarbon retention where adequate sealing conditions exist Abrams [44].

The comparison between the Python-derived depth structure map and the previously published Petrel-derived
interpretation presented in Figure 11 demonstrates strong agreement in regional structural trends, contour orientation,
and the spatial distribution of structural highs and lows across the reservoir interval. Both interpretations preserve the
same general structural framework, particularly within the central and northeastern portions of the field where
localized closures and contour deflections are evident. Minor differences between the maps are mainly associated with
contour smoothness, local interpolation behaviour, and edge effects related to sparse horizon control near the survey
boundaries. The smoother contour transitions observed in the Python-derived map are largely attributed to the
application of Gaussian smoothing and interpolation within the Python workflow. Despite these differences, the overall
correspondence between both interpretations indicates that the open-source workflow successfully reproduced the
major structural characteristics of the reservoir interval. This agreement demonstrates the reliability of the Python-
based approach for seismic interpretation, structural mapping, and reservoir characterization within the study area.

5. Conclusion

This study demonstrated the successful integration of well-log and 3D seismic data within a Python-based workflow for
seismic-to-well tying, horizon interpretation, and structural mapping in the Kolo Creek Field of the Niger Delta Basin.
The workflow enabled reliable reservoir correlation and produced structurally consistent time and depth maps that
revealed a regional structural dip with localized closures associated with the fault-controlled depositional style of the
Niger Delta Basin. The close agreement observed between the Python-derived depth structure map and the previously
published Petrel-derived interpretation indicates that the developed workflow was capable of reproducing the major
structural features of the reservoir interval with good reliability. This agreement further highlights the effectiveness of
the adopted seismic calibration, horizon interpretation, and depth conversion procedures implemented within the
open-source computational environment. Beyond the structural interpretation itself, the study demonstrates the
growing potential of open-source scientific computing tools in applied geophysics. The integration of Python libraries
for seismic visualization, well-log analysis, numerical computation, and structural mapping provided a flexible and
reproducible framework for reservoir characterization without dependence on expensive proprietary software. The
workflow developed in this study therefore offers practical value for academic research, geoscience training, and
computational geophysics applications, particularly within environments where access to commercial interpretation
platforms may be limited.
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