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Abstract

This study investigates the hydrocarbon potential and reservoir quality of sand units within
the "X" Field, located onshore in the Niger Delta Basin, through the integrated analysis of
wireline log data and core samples. Composite log suites—including gamma ray, resistivity,
neutron, density, and sonic logs—from three representative wells were interpreted to
evaluate subsurface lithology, fluid types, and key petrophysical parameters relevant to
hydrocarbon exploration and production. Two principal reservoir units encountered at varying
depth intervals across the wells were identified and designated as the E_7000 and F_9000
Sands. Petrophysical evaluation revealed that these units comprise good-quality sandstone
reservoirs, with average effective porosity (de) values ranging from 10% to 25%, and net-to-
gross (N/G) ratios between 31% and 85%. Crossplot analyses of log-derived data aided in
lithology discrimination, effectively separating sand-dominated and shale-dominated
intervals, and indicating hydrocarbon saturation—primarily oil and gas—in the reservoir sands.
Integration with core data allowed for a more robust lithofacies and depositional environment
interpretation, suggesting a transition from shoreface to fluvio-deltaic and submarine
depositional systems. Among the identified units, the Sand A interval within the E_7000 Sand
exhibited the best reservoir properties, with an average effective porosity of 23% and a net-
to-gross ratio of 80%, indicating excellent reservoir potential. The study further observed a
general decline in reservoir quality with increasing depth, attributed to enhanced compaction,
cementation, and heterogeneity within deeper stratigraphic intervals—common
characteristics of deeper sections of the Niger Delta Basin. These findings underscore the
importance of integrating core and wireline log data for accurate reservoir characterization,
and they provide critical insights for optimizing field development and hydrocarbon recovery
in the region.
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INTRODUCTION

Most oil and gas reservoirs within the onshore
Niger Delta Basin are already beyond their
peak stages, and are current experiencing
production decline due to long term
exploitation. The need to extend the economic
life of these mature fields requires detailed
description of the reservoir characteristics o
ascertain their hydrocarbon producibility, in
order to shore-up Nigeria's depleting
hydrocarbon  reserves.  The  complex
depositional setting of the Niger Delta Basin
exerts huge control on reservoir properties
distribution,
heterogeneities which makes accurate
reservoir description difficult, and thus, poses

introducing geological

high exploration risk. However, hydrocarbon
recovery from brown fields can be improved by
integrating wireline logs and core data to
understand the continuity, extent, geometry,
and distribution of the reservoir sand units
(Han et al., 1986; Singh et al., 2013; Yu et al.,
2016).

Formation evaluation is a vital tfechnique
employed to assess the producibility potential
hydrocarbon-bearing reservoir units. The
procedure includes wireline log interpretation
to determine the formation petrophysical
properties. Reservoir formation evaluation
aims to determine key parameters like
porosity, lithology,  fluid  saturations,
permeability, and also make inferences on
hydrocarbon presence. Essentially, wireline
logs and core data are integrated identify the
formations having greater promises to produce
hydrocarbons in economic quantity (Mahmoud
et al., 2023; Amer et al., 2025). Th present
study utilizes wireline logs and core data for
detailed formation evaluation of hydrocarbon-

bearing sand units in the "X" Field onshore
Niger Delta Basin to determine the production
potentials of the reservoir intervals (Hassan
et al., 2014; Chikiban et al., 2022; Amer et al.,
2023; Eid et al., 2024; Lasheen et al., 2024).
This will shed more light on the reservoir
performance, reduce uncertainties in reserves
estimations, and increase hydrocarbon
productivity from the already explored
heterogeneous sand sequences in the field
(Ogbe et al., 2021; Opara et al., 2021, Okewu
et al., 2024; Osaki, 2025).

2 Location and Geologic Setting

The studied field is located in the eastern part
of Coastal Swamp Depobelt, Niger Delta Basin
(Fig. 1). Evolution of the basin has been
associated with the Early Cretaceous splitting
of the Gondwana Supercontinent via a triple
rift junction that connected the South
Atlantic Ocean with the Benue depression
which formed the failed arm of the fripartite
rift system (Short and Stauble, 1967; Evamy
et al., 1978; Uchupi, 1989; Doust and Omatsola,
1990). The Benue Trough experienced thermal
cooling and sagging (drifting stage) during the
late Eocene, paving way for the Niger Delta
Basin to fully develop over the passive
continental margin of West Africa through to
the present day. With an arial coverage of
about 140,000 km?, the basin received
approximately 12 km thick wedge of sediments
supplied by the Niger and Benue Rivers
(Reijers, 2011) and deposited onto the
subaerial fluvio-deltaic environments and the
related deepwater fans/channel systems
(Cohen and McClay, 1996; Corredor et al.,
2005; Briggs et al., 2006; Zhang et al., 2022).
The diachronous lithostratigraphic
successions of the Niger Delta Basin are
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divided intfo three, namely: the Akata
Formation, Agbada Formation, and Benin
Formation (Fig. 2). The lithological formations
reflect a transition from prodeltaic (marine)

shales through delta front - submarine clastics
to continental sands in the onshore part of the
basin (Corredor et al., 2005).
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Fig. 1. (a) High-resolution bathymetric image of the Niger Delta showing the studied field in red box (after
Corredor et al., 2005). (b) Base map of the field showing the three wells evaluated in this study.
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Fig. 2. Regional stratigraphy of the Niger Delta basin (after Doust and Omatsola, 1990; Chima et al., 2019).
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3 Materials and Methods

3.1 Dataset

The dataset used for this study was made
available by the Nigerian Upstream Petroleum
Regulatory Commission (NUPRC). These include
the following:

1. composite log suites from three (3)
wells, comprising of gamma ray,
resistivity, neutron, density, and sonic
logs.

2. core (photos) data for one well (Well
14)

3. well header and deviation files
Summary of the log suites that were provided
for this study are shown in Table 1. The well
log suites were quality checked for data
inconsistencies and corrections applied where
necessary, before loading them into the
appropriate  software for analysis and

interpretation. The log quality is generally
good with all wells having gamma ray and
resistivity, and at least one or more of the
porosity logs (sonic, neutron, density).

3.2 Methods

Detailed evaluation of the available well log and
core data involved the following processes: log
lithofacies identification,
environment  interpretation,  well  log

depositional

correlation, and petrophysical properties
estimation, following the workflow outlined in
classical literature (e.g., Schlumberger, 1989;
Rider, 2002; Asquith and Krygowski, 2004;
Tiab and Donaldson, 2015). The inter-
disciplinary approach adopted in this study is
summarized in the interpretation workflow
provided in figure 3.

Table 1. Summary of the available well and core data used for petrophysical analysis.

FIELD WELLS

LOG SUITE CORE

HEADER

DEN | NEU | SON

WELL 14

* *

WELL 16

* KK ves

2 |2
| |2

WELL 23

* %43
*+ ¢

¢ ¢

‘ﬁ' * *No

3.2.1 Lithofacies  and
Environment Analysis

The identification of lithofacies and
depositional environments of the sediments

Depositional

encountered in the evaluated wells was done by
analyzing the signature of the gamma ray logs
to establish the interactions between various
environments that left their imprints on the
sedimentary deposits. Lithofacies display a
distinct character and appearance that
replicates the predominant conditions that
formed them, and which distinguishes them

from adjacent or associated rock units. Thus,
the observed characteristics of a lithofacies
gives clue fo the depositional conditions and
environments in which the sediments were
formed (Selley, 1985; Murkute, 2001). In this
study, the signatures of gamma ray logs were
employed to make inferences on the grainsize
variations of the sediments and depositional
energy. The lithofacies analysis was
constrained by the available core photos to
establish  the
environments in the study area. The

prevailing  depositional
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depositional  environments interpretation
model adopted in this study followed the
proposition of Emery and Myers (1996).

3.2.2 Well Correlation
Correlation of the wells was achieved by
identifying and mapping prominent shale

Data QC/Loading

Lithofacies/EOD

markers that showed distinct high gamma ray
log signatures. This enabled appropriate and
easy delineation of reservoir sand units of
interest. For this purpose, the gamma ray and
resistivity logs were integrated, while the
neutron and density logs were used identify
hydrocarbon-bearing sand units in the field.

Reservoir Delineation

Cross plots analysis

“ E) €0

I

HHHBHIE

Core

Formation Evaluation

[ [
HS —
Well logs etgoce

GA-3.200t

2350
2400
2450
2500

amen

Reservoir properties
estimations:
Vsh,0e,N/G, S,

Fig. 3. Summary of the well logs and core data interpretation workflow.

3.2.3 Calculation of Petrophysical
Parameters
Computation of petrophysical properties like
volume of shale (Vsh), net-to-gross ratio (NTG),
water saturation (Sw) and effective porosity
(@.) for the delineated reservoir intervals was
achieved using standard empirical equations.
This was done to capture the lateral and
vertical distribution of reservoir parameters
across the field. The equations used in
calculating the petrophysical properties are as
follows 9 (Asquith and Krygowski, 2004):

(pm = pp)

Dien = o =3 €Y

where py is the bulk density derived from log
measurement, pr is the fluid density, pmis the
matrix density, and @aen is the porosity value
derived from the density log. We used
equation 1 to compute the total porosity for
the identified reservoirs of interest.

The volume of shale (Vsn) was estimated using
the Larionov (1969) algorithm which accounts
for the proportion of shale in a heterolithic
reservoir or a sandstone:

Vip = 0.083 % (237*6r — 1) (2)

where the gamma ray index (IgR) is given by:
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I — (GRlog - GRmin)
ok (GRmax - GRmin)

3)

GRiog is the gamma ray log value, GRmin is the
lowest gamma ray log value derive from a sand
interval, and GRmax is the highest gamma ray log
value determined from a shale interval.

Water saturation in the reservoirs was
calculated using the Simandoux (1963) model
which performs better for typical shaly sand
reservoirs like those of the Niger Delta Basin.

It is given by:
1 _ 9%Sl | Vsn*Sw
Rt arRy Rsn ()

where R; is the true formation resistivity, @.
is the effective porosity, Sy is the water
saturation of the uninvaded zone, Vs is the
volume of shale, Ry is the resistivity of
formation water, Rsh is the resistivity of
shale, n is the saturation exponent, m is the
cementation factor; and a is the tortuosity
factor.

The net-to-gross (N/G) was estimated using
Equation 6 to ascertain the ratio of the clean
porous reservoir sand thickness (Net) to the
overall (6ross) reservoir thickness:

N/G = IF(Vg, < 0.40, (1 — V), 0) (6)

The N/G values are not the same for a given a
reservoir, and thus can vary between 1.0 for
clean sand intervals to 0.0 for non-reservoir
zones over a small distance.

Finally, the effective porosity (Je) was
calculated using the following equation:

P = (1 — Vi) * PoTgen @)

4 Results and Discussion

4.1 Facies and Depositional Environments
Interpretation

The four lithofacies units identified in the
study area is presented in figure 4. These
include the Sandstones Facies, Shaly
Sandstone Facies, Mudrock Facies, and
Heterolithic Facies. Each of the facies
depicted the prevailing processes and
conditions under which they were formed, and
exemplified marked characteristics that
differentiates each of them from other
related adjacent rock types. The observed
gamma ray log signatures displayed by the
lithofacies including bell, funnel, cylindrical,
symmetrical, and serrated motifs gave clue on
the vertical variations of grainsize profile in
the sand and shale sequences.

The lithofacies, constrained with the available
core photos, were used to make inferences on
the environments of deposition in which the
sediments were laid down (Fig. B). For instance,
the serrated motif suggests intercalation of
shales and sandstone layers deposited by
fluvial, tidal or marine processes. The bell-
shaped signature suggests fining upward
profile or an increase in shale content up
section or an upward decrease in the
depositional energy, characterized by fluvial
channel systems. The funnel shaped pattern on
the other hand replicates a coarsening upward
profile or an upward decrease in shale content
related to progradational deltaic sediments.
The blocky of cylindrical motif suggests a
coarse-grained sandstone of uniform thickness
deposited by braided channel systems, tidal
channel or subaqueous slump deposits.
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4.2 Correlation of the Logs

Lithological correlation of the logs revealed
two reservoir intervals designated as E_7000
Sand and F_9000 Sand (Fig. 6). The
correlation of the three wells evaluated in this
study aided in the isolation of non-reservoir
shale units from the porous and permeable
sand reservoir zones, and also enabled
appropriate identification of the sand
reservoirs saturated with hydrocarbon fluids.
The sand reservoirs of interest were
characterized by low gamma ray values and

high resistivity  kicks, suggesting the
possibility of oil and gas saturation in them.
The reservoir intervals also showed marked
decrease in the density log reading and
subsequent increase in the neutron log reading,
culminating into the “ballon effect” due to the
density-neutron log crossover. The mapped
sand units containing hydrocarbons were
further evaluated to ascertain their potentials
to produce oil and gas in appreciable economic
quantity.
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Fig. 4. Common sedimentological facies associated with various gamma ray logs (after Cant, 1992;
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4.3 Petrophysical Characterization of the
Reservoir Zones

Tables 1 summarizes the estimated reservoir
parameters for the ftwo sand intervals of
interest delineated in this study. The E_7000
Sand was encountered within the depth range
of 8084.50 to 8340.22 ft in Well 14. This sand
unit was also penetrated by Well 23 at the
depth range of 7506.60 to 7670.04 ft.
However, the E_7000 Sand appeared to be
“shale out” up dip, and was not encountered in

Well 16. On the other hand, the F_9000 Sand
was penetrated by the three wells evaluated in
this study. The reservoir occurred within the
depth range of 12265.30 to 12363.70 ft in
Well 14, and was encountered in Well 16 at
depth ranging from 9732.66 to 9816.94 ft. In
Well 23, The F_9000 Sand was penetrated at
depths ranging 10300.10 to 10430.60 ft. A
of the
characteristics of the reservoirs are provided

comprehensive description

in the next headings.

Table 2. Summary of the estimated reservoir properties.

Name | Reservoir | Zone -E?t')o Base (ft) szci)s S ’Zlf?)t A\(IV /'\\I/;G A\(/v/\\//? 0 A(‘\’/'/\ge AE(/' /s)w
SandA | 8084.50 | 8114.10 | 29.60 | 26.80 | 0.75 020 | 025 | o021
well | E_7000 | SandB | 8120.99 | 823291 |102.92 | 6696 | 0.56 045 | 018 | 021
14 Sand C | 8255.60 | 834022 | 84.62 | 2695 | 0.31 069 | 010 | 058
F 9000 12265.30 | 12363.70 | 108.40 | 93.6 0.79 021 | 012 | 022
Sand A
Well E_7000 Sand B
16 Sand C
F 9000 9732.66 | 9816.94 | 84.48 | 66.96 | 0.68 032 | 012 | 034
SandA | 7506.60 | 7544.00 | 37.40 | 3532 | 0.5 015 | 020 | 0.5
well | E_7000 | SandB | 7555.00 | 7610.00 | 37.40 | 3532 | 0.60 040 | 016 | 0.5
z SandC | 7635.83 | 7670.04 | 3421 | 2152 | 0.38 062 | 012 | 050
F 9000 10300.10 | 10430.60 | 130.50 | 120.40 | 0.81 019 | 011 | 030

4.3.1 E_7000 Sand

The E_7000 Sand was penetrated by Well 14
and Well 23. The reservoir is sub-divided into
three zones designated as Sand A, Sand B, and
Sand C (Fig. 7). Sand A zone occurred in Well
14 at depths ranging from 8084.50 to 8114.10
ft, with gross thickness of 29.60 ft and net
thickness of 26.80 ft. In Well 23, the Sand A

zone was encountered at the depth of 7506.60
to 7544.00 ft, with gross thickness of 37.40
ft and net thickness of 35.32 ft. The
estimated average net-to-gross ratio of over
70 %, average effective porosity of more than
20 %, and the average low water saturation
values (less than 25 %) suggests that this
reservoir zone is a high-quality sand unit with
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significant hydrocarbon saturation (up to 70
%). The density - neutron crossplot of this
sand interval showed the possible fluid
saturation to be gas. This is supported by the

"gas effect” due to density - neutron
crossover associated with the sand zone (Fig.
8).

Well 23

- 77004

kf«nu} “i. e

1) Y SR F” S

1800 | T T

- 7500 - ‘
o
SAND B

.7600-
SAND

'\,r\ /\/v\

- 7800 1

e

il

LT
UL

NAA
L

Fig. 7. Lithology plot of Well 23 showing the three reservoir zones of E_7000 Sand interval.

The Sand B zone was encountered in Well 14 at
the depth range of 8129.99 to 8232.91 ft, with
gross thickness of 102.92 f+ and net thickness
of 66.96 ft. It occurred at depths ranging
from 7555.00 to 7544.00 in Well 23, with
gross thickness of 37.40 ft and net thickness
of 35.32 ft. This reservoir zone is
characterized by average effective porosity
greater than 16 % and average net-to-gross
ratio of over 50 %. The average low saturation

content (less than 20 %) is an indication that
this sand unit is saturated with a significant
volume of hydrocarbon, possibly gas, due to
the marked density-neutron crossover
observed at this interval. The density-neutron
crossplot of this reservoir interval revealed
the presence of gas, resulting in the over-
shooting of the cluster point beyond the
sandstone line (Fig. 9).
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Fig. 8. (a) Lithology plot of Well 14 showing the Sand A zone. (b) Density-neutron crossplot of the

Sand A zone.

Sand C zone was penetrated by Well 14 at the
depth range of 8255.60 to 8340.22 ft, with
gross thickness of 84.62 ft+ and net thickness
of 26.95 ft. It occurred in Well 23 at the
depth range of 7635.83 to 7670.04 ft, with

gross thickness of 34.21 ft and net thickness
of 21.52 ft. The sand unit is characterized by
average net-to-gross ratio of lower than 40 %,
average effective porosity of about 11 %,
suggesting that it has fair to good reservoir
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quality. The estimated water saturation value
of about 50 % indicates that the it is
fluid. The
crossplot of density and neutron logs indicated
possible gas saturation for the Sand C zone
(Fig. 10). Core data retrieved from this sand
interval between the depth of 8295 to 8320
coarsening upward

saturated with hydrocarbon

ft showed a general

grainsize variations for the reservoir which
comprises mainly of sand-shale intercalations,
typical of Heterolithic Facies (Fig. 11). This
suggests that the sediments were deposited in
a tidal-influenced outer delta front and
shallow marine environments (Doust and
Omatsola, 1990; Reijers, 2011).

RHOZ (g/em3)

2.6
2.7

2.8

0 0.1 0.2 0.3 0.4 0.5 0.6

TNPH (ft3/ft3)

of

e (GRT --<

Charts:

em3)
Scale:
@ Scale 1: [TNPH - RHOZ]

Schlumberger, Por-11 & Por-12, Neutron Porosity vs Bulk Density, TNPH (NaCl = 0 kppm, rhof = 1 g/

Fig. 9. (a) Lithology plot of Well 14 showing the Sand B zone. (b) Density-neutron crossplot of the Sand B zone.


HP 14
Typewritten text
353


Okoro et al. / Science Forum (Journal of Pure and Applied Sciences) 25 (2025)

4.3.2 F_9000 Sand

The F_9000 Sand was penetrated by all the
three wells evaluated in this study (Fig. 6). In
Well 14, the reservoir occurred at the depth
range of 12265.30 to 12363.70 ft, with gross

thickness of 108.40 ft and net thickness of
93.60 ft. It was intersected in Well 16 at the
depth range of 9732.66 to 9816.94 ft, with
gross thickness of 84.48 ft and net

J| Core interval: 8295 - 8310 ft

0 0.1 0.2 0.3 0.4 0.5 06 0]
1.9 1.9
2 2
2.1 2.1
o 22 2.2
5
3 2.3 2.3
N
5 2.4 2.4
T
€ 25 2.5
2.6 2.6
2.7 2.7
2.8 2.8
TNPH (ft3/ft3)
of RGN -
Charts:
Schlumberger, Por-11 & Por-12, Neutron Porosity vs Bulk Density, TNPH (NaCl = 0 kppm, rhof = 1 g/
cm3)
Scale:
@ Scale 1: [TNPH - RHOZ]

Fig. 10. (a) Lithology plot of Well 14 showing the Sand C zone with core data calibration. (b) Density-neutron
cross plot of the Sand C zone.
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8295 ft 8301 ft

8311 ft 8314 ft

8316 ft

8305 ft 8310 ft

8319 ft 8320 ft

Fig. 11. Core photos of the Sand C inferval (8295 to 8320 ft) show the lithofacies type in Well 14.

thickness of 66.96 ft. The reservoir was
encountered in Well 23 at depth ranging from
10300.10 to 10430.60 ft, with gross thickness
of 130.50 ft and net thickness of 120.40 ft.
The estimated average net-to-gross ratio of
more than 60 % and average effective porosity
of approximately 12 % classifies the reservoir
quality to be good. The low average water

saturation value (less than 30 %) suggests that
it is saturated by over 60 % hydrocarbon. The
density - neutron crossplot for this sand
interval indicates the possible fluid saturation
to be oil (Fig. 12).

Based on the estimated petrophysical
properties of the hydrocarbon-bearing

reservoir intervals, the Sand A zone of
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E_7000 Sand has the best reservoir quality %, effective porosity value of 23 %, and water
with an overall net-to-gross ratio value of 80 saturation value of 28 % (Table 3).

[-10400-

10500

®

25

RHOZ (g/cm3)

TNPH (ft3/ft3)

o T

Charts:

Schlumberger, Por-11 & Por-12, Neutron Porosity vs Bulk Density, TNPH (NaCl = 0 kppm, rhof = 1 g/
cm3)

Scale:
@ Scale 1: [TNPH - RHOZ]

Fig. 12. (a) Lithology plot of Well 16 showing the F_9000 Sand. (b) Density-neutron crossplot of the F_9000 Sand.

Table 3. Summary of Overall Average Reservoir Quality Parameters.

Overall
Average

Reservoir Zone N/G (v/v) De (v/v) Sw (v/v)
Sand A 0.80 0.23 0.18
E_7000 Sand Sand B 0.58 0.17 0.18
Sand C 0.35 0.11 0.54
F_9000 Sand - 0.76 0.12 0.29

356


HP 14
Typewritten text
356


357

Okoro et al. / Science Forum (Journal of Pure and Applied Sciences) 25 (2025)

5 Conclusion

Formation evaluation and characterization of
reservoir sand units in the X Field, onshore
Niger Delta Basin have been attempted in this
study, with the view to ascertain their
hydrocarbon potential of the identified sand
zones. Based on the integrated interpretation
of wireline logs and core data, four lithofacies
units representing the interaction between
different sub environments ranging from
shoreface, through fluvio-deltaic to submarine
depositional systems, were delineated.
Lithological correlation of the logs revealed
two reservoir intervals, designated as E_7000
Sand and F_9000 Sands, at different depths
in the three wells evaluated in this study.
Lithology crossplots of density and neutron
logs showed that the reservoirs consist of
sandstones, with varying shale intercalations.
The computed petrophysical properties
showed that the Sand A zone of the E_7000
Sand has the best quality, with an overall
average net-to-gross ratio value of 80 % and
effective porosity of 23 %. The low water
saturation (18 %) in the sand unit is an
indication that it is hydrocarbon saturated. In
general, the overall quality of the reservoirs
decreases with depth due fo the increasing
geological complexities and heterogeneities at
greater depths in the Niger Delta Basin.
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