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ABSTRACT

The Usani wells, Niger Delta basin, Nigeria have problems of unexpected hydrocarbon decline in the field. This study aimed
to evaluate the causes of the sharp decline of hydrocarbon resources in the wells. Geophysical, seismic, and core well logs
from the research region were used in the investigation. To assess the hydrocarbon saturation (Sh), the petrophysical
properties of the reservoirs, core data, seismic data, and well logs were integrated. The petrophysical data was used to create
reservoir models for the sequence that the wells in the Usani oil field penetrated. Eight reservoirs were mapped, with depths
ranging from 2886 to 3533 meters and thicknesses spanning from 12 to 407 meters. Facies analysis indicate that the reservoirs
comprise four main lithofacies: bioturbated sandstone, heterolithic sandstone facies, parallel laminated sandstone, structure
less sandstone reservoirs. Hydrocarbon saturation (Sp) ranges from 45.50% to 78.50 percent, water saturation (Sw) from
21.65% to 54.50%, and permeability (K) from 245.70 md to 454.7 md, based on petrophysical data. Porosity (&) in the
reservoirs varies from 14% to 28%. The productive reservoirs A, B, C, D1, D2, D4, and D5 were found to contain
hydrocarbons based on the seismic attribute map. In relatively poor resistivity reservoirs D1 and D2 at depths of 2884 and
2940 meters, and 3114 and 3126 meters, respectively were discovered to contain significant amount of hydrocarbon. Our
estimates indicate that while the Sy, values in the wells are below the essential water saturation values, the main reservoirs
A, B, and C will mostly produce oil and gas without water. The study has shown that reservoirs of the Usani Field have good
@ and K. The unexpected decline in performance was due to shale effect. Predicting reservoir performance and addressing
the issues of unanticipated hydrocarbon depletion in the field were accomplished by integrating seismic, well, and core data.
The core sedimentary features have revealed deposition in fluvio-deltaic environments which produce good reservoirs for
oil and gas. The result of the petrophysical, seismic attributes, depositional sedimentary facies and geological porosity
reservoir models have provided valuable basis for ongoing field development studies, reservoir simulation modelling and
monitoring well performance.
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INTRODUCTION

The Niger Delta Basin, Nigeria comprises of recents
sediments and associated with active sedimentation. The
basin is considered prolific in Nigeria (Aigbadon et al.,
2022; Igbinigie and Aigbadon, 2024). However, there are
still some sections of the field in the basin that is still needed
to be explored. The basin's sequence is thoroughly explained
in the following works: Short and Stauble (1967); Bate et al.
(2023); and Igbinigie and Aigbadon (2024). After a
protracted period of fruitless search in the Cretaceous Basins
of the Benue Trough, the worldwide need for oil and gas has
led to considerable prospecting and the extraction of these
hydrocarbon-based fuels in Cenozoic basins, Nigeria (Doust
and Omatsola, 1989; Doust and Omatsola, 1990). Seismic,
depositional, reservoir, and geothermal features all affect
how productive oil fields in the delta can be as discussed by
(Aigbadon et al., 2022 and Bate et al., 2024). Quantifying
producible hydrocarbon pools requires a thorough
understanding of reservoir features, petrophysical
parameters, thickness, lateral extension, and geothermal
properties (Schlumberger, 1989; Aigbadon et al., 2017,

2022, and Bate et al., 2023). The reservoir volumetric
estimation process uses these petrophysical characteristics as
inputs (Bate et al., 2023). The primary hydrocarbon sources
of the Niger Delta Basin are sandstones and unconsolidated
sands, mainly within the Agbada Formation. Identifying and
evaluating these reservoirs is crucial for commercial
hydrocarbon exploration (Aigbadon et al., 2017, 2022; Bate
et al., 2023). Growth faults significantly influence reservoir
thickness, with thicker deposits occurring in downthrown
fault blocks in the basin (Weber and Daukoru, 1975).
Seismic data interpretation has been widely used to analyze
subsurface structures, stratigraphy, and reservoir variations
over time, with key studies by Ndip et al. (2018) and Bate et
al. (2023) providing insights into the basin’s geological
complexity. The lateral variation in reservoir thickness is
significantly controlled by growth faults that are greater in
thickness toward the fault in the downthrown block (Weber
and Daukoru, 1975). The use of seismic data interpretation
to reveal subsurface reservoir structure, stratigraphy, and
reservoir properties over time and space in Niger Delta Basin
has been thoroughly studied by Ndip et al. (2018) and Bate
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et al. (2023). In order to determine the types and volume of
hydrocarbon resources and forecast reservoir production
performance, the study wells need to be evaluated using
seismic data, core, well logs and depositional facies. The
research wells, nevertheless, have received little attention
and have not been thoroughly examined. The goal in this
study is to present the hydrocarbon status the wells in the
field and thoroughly examine the prospects while re-
evaluating the reservoirs.

STUDY LOCATION AND TECTONIC SETTINGS
The Usani wells are strategically positioned within the
offshore region of the Niger Delta Basin, as illustrated in
Figures 1 and 2. Geographical coordinates of the study area
extend between latitudes 4°N and 5°N, as well as longitudes
5°E and 6°E (Figs. 1 and 2). The geological evolution of the
Niger Delta Basin is intricately connected to the formation
of the Benue Trough in Nigeria. This trough developed along
a failed rift arm, which emerged during the early stages of
the Late Jurassic period when the South American and
African tectonic plates began to separate due to continental
drift (Burke et al., 1972; Whiteman, 1982). Over the years,
numerous scholars and geologists have conducted extensive
research on the basin's stratigraphic framework and
progressive development. Some of the most notable studies
have been carried out by Burke et al. (1972), Weber and
Daukoru (1975), Avbovbo (1978), Whiteman (1982), Doust
and Omatsola (1990a, b), Kulke (1995), Aigbadon et al.
(2022) and Ocheli et al. (2025) (Fig. 3).

Igbinigie and Aigbadon (2024) and Weber (1971) identify
on three lithostratigraphic units in the Niger-Delta Basin
(Fig. 2). Akata Formation is regarded as the oldest in the
basin with thickness of 600-6000 meters. According to the
electric log signature, it is distinguished by primarily marine
shales and claystone (Weber, 1971). The formation is
assigned Paleocene in age. The Agbada Formation is sitting
on top of the Akata Shales, while the Benin Formation is
directly above it and been the youngest formation. The
Agbada Formation is composed of sandstone, with equal
amounts of sandstone and shale (Aigbadon et al., 2022; Bate
et al., 2023). The units are defined by upward successions
that are rhythmically coarsening. This cyclic succession also
helps to explain why the majority of the basin's oil and gas
fields have several reservoirs. The delta front and lower delta
plain are included in this basin segment. With a thickness
range of roughly 2000 meters, the formation is dated to the
Eocene. The Benin Formation is believed to be the youngest
in the basin and dominantly continental sand and contain few
micro faunas due to exposure of the units to abiotic and
biotic factors. It has a thickness range between 200 - 1800m
and also assigned Oligocene-recent age (Weber, 1971).

Materials and Methodology

The data for this research comprises suites of geophysical
wire-line logs, core logs, seismic data in ZGY file of size
(2,233,808KB) for the four wells. The data was provided by
Shell Petroleum Development Company (SPDC), Port
Harcourt, Nigeria.
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Fig.1: Nigerian geological map displaying the research
area.
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Fig.3: Cross section of lithostratigraphic units with varying
thicknesses from the Niger Delta Basin (Doust and
Omatsola, 1990a, b).
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The well log data sets were loaded into the interpretative
tools, in this case, Technlog suite 2010 and Schlumberger
PETREL ™. Interpretation of well data was carried out from
correlation to evaluation of petrophysical parameters such as
net to gross sand, net pay, shale volume, effective porosity
and saturations.

MATERIALS AND METHODS

The data used in this study includes seismic data in a ZGY
file with a size of 2,233,808KB, geophysical wire-line logs,
and core logs. Shell Petroleum Development Company
(SPDC), Port Harcourt division provided all the data for the
research. The research methodology is shown in the flow
chart below (Fig. 4).

| Methodology/Work Flowchart |

Seismic
interpretation

| Evuluatlor}ol I
P physical
| properties I

Evaluation of deposition
& effects on rocks properties
i
Depositional
model

Fig. 4: Work flow chart illustrating the flow of tasks for the
research.

Petrophysical evaluations

The petrophysical studies was done with the aid of Geolog
suites 2010 model. Using equations (1) — (6) (after
Schlumberger, 2013), the reservoirs petrophysical properties
were evaluated from well logs:

_ (GRIog _GRmin) (1)

& (GRmax _GRmin)
The gamma ray index (IGR) was calculated from the gamma
ray log.
Icr represents the Gamma Ray index; GRioq refers to the
Gamma Ray reading of the formation; GRmin is the minimum
Gamma Ray reading (used as the sand baseline); and GRmax
is the maximum Gamma Ray reading (used as the shale
baseline).
The volume of shale (V) for tertiary rocks was applied for
this study (Schlumberger, 2013).

V,, =0.08323.7x I 1) )

Net to gross (NTG) and porosity was estimated using
equations 3- 6

NTG = Net sand (3)
Grosssand
Net sand=Grosssand— Shalyintervals (4)
¢T — (pma _pb) (5)
Prma ~ Pt

Where pma = matrix density which is taken to be 2.65g/cm?
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For sandstone, py, = the bulk density read directly from the
log,

pf = the fluid density which is taken to be 1 for gas and 0.87
foro

Pt = Protal — (¢sh ><Vsh) (6)

Where @ = effective porosity, @ ol = total porosity, @ s
= log reading in a shale zone, Vs, = volume of shale

Sh and Sw is closely connected. Archie (1942) equation for
Sw in an uninvaded zone was used in this study to
determine water saturation.

1
5, =|[ 2 R, |" (7
R*ol

Archie (1942)

S,=1-S, (8)
Schlumberger (2013)
@ refers to porosity, n is the saturation exponent, typically
taken to be 2.0; m = cementation factor; a = tortuosity; Sw
represents water saturation; Ry represents water resistivity
(i.e., formation water resistivity); and R represents true
formation resistivity as established by the deep induction
resistivity log.

Core description

Core description was done for the purpose of lithology,
porosity, depositional features, structural and diagenetic
elements, core damage and core orientation as discussed in
Aigbadon et al. (2017).

Check shot plots for all the wells

The time values of the horizons were converted to depth
with the use of equations 9 -10 (after Schlumberger, 2013)
which was generated from the check-shot data provided;
v=vy+kXz 9)
z=2,+W,/k+2z,)X(esp(kX(T-T,)—1 (10)
T, =top time, T = base time, z, = top depth, z = base depth
The check shot plots were done for all the horizons picked
in the wells based on equations 9-10. The petrel software
allows the time values for all the horizons in the wells picked
to be converted to depth.

Creating a seismic property

The user can use the modeling of channel objects with other
generic objects because the channel modeling algorithm is
fully integrated into the created object modeling toolkit.
Facies, such as channels connected to leeve and crevasse
splays, can be nestled using source point and flow line
modeling methods. Complex environments can be created
by adding petrel object and pixel-based modeling
technologies. Fractal functions are used by the channel
object modeling technique to control the change of each
channel parameter, including amplitude, wavelength,
orientation, thickness, and width. The item is more precisely
a template of cells that would be designated as crevasse,
leeve, and channel sand. The method of modeling fluvial
objects uses four basic types of facies. In order to take in
more depositional facies, several of the objects were
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redefined for this study and more cell templates were
included.

Upscaling seismic attributes to the 3-D grid

To make use of seismic attributes generated under the strata
grid, it was rescaled to a 3-D grid, since the seismic volume
must be in the same domain as the 3-D grid, as stated in (Fig.
5). A 3-D trend will be generated from the RMS amplitude
at 30 Hz frequency. In addition, facies were populated
stochastically using lateral trends from seismic attribute and
vertical proportion curves derived from the lithology log.

Il,'pscaling seisiic attribute to the 3DI

R

| Vertical Proportion I

| Trend Modeling I

v

| Facies Modeling |

Fig 5: Workflow chart for facies modelling in the study
wells across the field
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RESULTS

Stratigraphic correlations across the wells

With a range of 2946 to 3532 meters, the tops and bases of
the Usani oil wells A, B, C, A2, B2, C2, A3, B3, C4, B4, and
C4 in wells 1-4 are shown on the well correlation panel.
Based on the Gamma Ray (GR) and Spontaneous Potential
(SP) logs, the main lithology of Usani wells 1-4 is an
alternating series of shales and sands (Fig. 6). The well
correlation and analysis show that sands A, B, and C units
extend horizontally throughout the wells, while sand D1, D2,
D3, D4, and D5 exist as separate sand bodies due to faulting.
This is a typical pattern observed within the Agbada and
Akata Formation in the Niger Delta.

Based on the core log (Figs. 6 and 8), the reservoirs
thicknesses and producing areas are shown in the geological
net pays sands in Table 1. These by-passed hydrocarbons
exhibit low resistivity values of 2-4 ohms, 0.8-2.0 ohms, and
0.8-2.0 ohms within low resistivity pay zones D1, D2
(depths 2886-2940m), reservoir D3 (depths 3006-3018m),
and reservoir D5 (depths 3114-3126m; Table 1).
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Fig. 6: NW-SE stratigraphic correlation of the wells (Aigbadon et al., 2022).
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Table 1: Presents detailed petrophysical data evaluated from the Usani wells, Niger Delta Basin.

Reser- Depth  Gross h(m) Vsh NTG Contact @ K(md) Swa  Swirr  Swirr  Swirr  Sh Remarks
Vvoirs (m)  sand (%) (%) From From From (%)

(@T) (Bc) (De)
D1 2884- 1200 6.00 0.35 0.50 0.14 24570 0451 0.820 0.350 0.230 0.549 Gas
D2 gggg 1200 540 0.44 0.55 0.14 24570 0482 0462 0.360 0.250 0.520 Gas
A 2946- 228.00 161. 0.23 0.81 GWC 0.28 45470 0.220 0.322 0.340 0.200 0.780 Gas
D3 gégg 12.00 ?.000 039 043 OWC 0.16 255.00 0510 0.532 0.330 0.260 0.490 Water
D4 ggég 36.00 240 0.38 0.66 0.20 3005.00 0.450 0.542 0.350 0.260 0.550 Oil
B gégg 407.00 glO. 0.25 0.80 0.25 42370 0.350 0.350 0.350 0.220 0.650 Oil
D5 gﬂi 12.00 g.040 0.04 0.45 0.18 28500 0.430 0.360 0.380 0.230 0.570 Oil
C %gég 371.00 (2)(8)6 0.28 0.77 0.22 350.00 0.230 0.360 0.380 0.230 0.770 Oil

The net pays sand ranges from 12-163 feet (3.6-49.10
meters), and the NTG sand ranges from 0.48-0.81. Due to
the sand quality, this amount is sufficient for the production
of hydrocarbons (Table 1). In the field, oil-water contact
(OWC) was found between 3006 and 3018 meters below the
surface of reservoir D3, which led to coning in the wells
(Table 1). The improved NTG (0.43) and effective porosity
(14%) has reduced the problem of coning in the well. The
core porosities values across the wells in the field revealed
that core porosity decreases at deeper depths towards south-
eastern direction of the field (Fig. 7 and table 1).
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Fig. 7: Plots for core porosity in the wells.

Based on the core log result above (Fig. 8), the facies in
reservoirs A, B, and C within the wells 1-4 are briefly
highlighted:

Reservoir A generally comprises medium to coarse-grained
sandstone, capped with mudstone/ shale. In Well 1, a
discontinuous lamination that is bioturbated were observed.
Well 2 reveals planar cross-bedded sandstone with mudstone
laminations and a shale cap. In Well 3, the structures are
disrupted, possibly by slumping or bioturbation, while Well
4 shows fine-grained sandstone with shale and sandstone
lenses at the base. Reservoir B varies from massive coarse
sandstone with faint cross-bedding (Well 1) to bioturbated

medium to coarse-grained sandstone (Wells 2 and 3),
respectively.
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Fig. 8: Core logs for the wells showing sedimentary facies
(Aigbadon et al., 2022).

Well 2 also contain mudstone laminations and planar cross-
beds, while Well 4 display slump structures and
bioturbation, similar to what was witnessed in Well 3,
suggesting a comparable depositional setting.

Reservoir C is characterized by fine to medium-grained
sandstone with mudstone laminations and planar cross-
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bedding in Wells 1, 2, and 3. The bioturbation and
ophiomorpha burrows are prominent in Wells 2 and 3. In
contrast, reservoir C in Well 4 revealed a coarse-grained
with faint cross-bedding, indicative of a higher energy
depositional environment, and notably different from its A
and B counterparts.

— Highly Porous Zones

— Low Porous Zones

Fig. 9: Presents the porosity model developed for the field,
showing a spatial visualization of porosity distribution
across the different reservoir intervals.

From Figures 7 and 9 above, the core porosity ranges
between 22%-28% and display good to very good porosity.
This corroborates work of Okoro et al. (2021). The core
porosities values increase NW direction (landward) and
decreases in the SE direction in the wells due to over burden
material and increase in temperature. The core porosities are
destroyed at greater depth, indicating the porosities
decreases at deeper offshore. The variation in the core and
well log porosity (Table 1 and fig.7) are as a result of shale
intercalations in the sands A, B, C, A2, B2, B2, A3, B3, C3,
A4, B4 and CA4.

[

Neasured deg (Y

N

Fig. 10: Check plots for the wells in the field.

The check shot plots were done in the wells based on seismic
velocity. The amplitude map which was generated from the
velocity model of the mapped horizons, complements the
structural interpretations (Fig. 6 and 7) . The check shot data
revealed that the mapped horizons' velocity model,
complements the seismic amplitude map, structural high and
facies interpretations (Figs.11 and 12).

The net sand thickness, sub-seismic reservoir architecture
which comprises of number of channels and permeability
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values are of high percentage in the generated model

(Fig.11).

72000
000z

70000
A
Y]
A
b3
i: x
00004

68000
00089

66000
00099

478000 480000 482000 484000 486000
X

Facies

0500 1000 1500 2000 25001

1:25000

Fig. 11: Facies model built by Petrel from seismic amplitude
(RMS)

Bright spots, also known as sweet spots, for different seismic
properties are shown on the amplitude map (Fig. 12). The
bright patches and yellowish colourations correlates a strong
reflection that imply the presence of hydrocarbons in the
sands, are a sign of enhanced hydrocarbon saturation at the
reservoir tops. The RMS amplitudes map revealed that high
amplitude areas are shown as reddish-yellow, while the low
amplitude areas are shown as dark blue. The amplitude map,
which was produced using the mapped horizons velocity
model, enhances the structural interpretation. Anomalous
amplitude zones align with structural highs already
identified, coinciding with areas where the wells have been
drilled (Figs. 11 and 12). This correlation between amplitude
maps and structural highs, along with bright spots from
seismic analysis, provides detailed information for future
well drilling and development, especially for the Usani oil
wells.

Uncertainties and limitations

Geophysical data acquisition, processing, and interpretation
are inherently linked with uncertainties. In hydrocarbon
exploration, petrophysical and seismic analyses using
appropriate models play a key role in decision-making.
However, challenges persist regarding data acquisition,
interpretation, and adherence to general principles. A major
uncertainty in petrophysical evaluation is related to porosity
() measurement and computation, which are crucial for
determining other parameters such as permeability (K) and
flow unit indicators. To minimize these uncertainties, this
study incorporates bulk density measurements at close
intervals, using associated wireline log (RHOB) data within
each reservoir unit for accurate @ estimation. In seismic
evaluations, resolution limitations and velocity contrast
uncertainties can lead to errors in identifying faults and
reservoir horizons. To address these, the study takes into
account various seismic events and features, including
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reflection terminations, downthrown hanging walls,
overthrust areas, changes in dip directions, and anomalies in
seismic reflections, to ensure reliable interpretation.
Wireline logs from wells 1, 2, 3, and 4 are used to predict @
and gas units in reservoir A of well 1, based on their
relationships with other logs within the same well.
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Fig. 12: RMS amplitude map of mapped area of interest.

The results obtained are confined to the available wells.
Additional wells, particularly around the Usani region in the
western basin, may uncover further hydrocarbon potential,
fluid saturations, and more details on reservoir thicknesses
and depths.

DISCUSSION

Petrophysical results and reservoir models

Cores, well logs, and the geological model created by the
depositional facies interpretation were used to address the
porosity barriers that impede the production rate and
consequent decrease in the field, such as lenticular bedding
and bioturbation in reservoirs A and C in wells 1 and 2 (Figs.
6, 7, and 8). The increase of shale volume (Vsn) between 23
- 44% contributed to increase in the total porosity of the
affected reservoirs A, B, C, D1, D2, D4, and D5. The Vg, in
reservoirs A, B and C reflects thinner shale thickness with
low water Swaand a pointer to high Sh. The effective porosity
result range between 14-28%, indicating that they are fair to
very good reservoirs that are in line with the cut-off (David,
2002; Okoro et al., 2020, Aigbadon et al., 2023 and 2024).
Based on the petrophysical data the wells as well as re-
evaluation, hydrocarbon production can resume because of
the improved quality of the wells effective porosity, which
falls between 10-25%. Reservoir A is a barrier bar with an
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effective porosity of 14 -18%. These interpretations are in
line with the published works of Okoro et al. (2020).

The net reservoir sand is being divided to the gross reservoir
in order to improve the overall quality of the reservoir's Net
to Gross (NTG) ratio. This has reduced the lenticular
beddings, shale drapes, and fine particle migration (Figs. 7
and 8) that act as permeability barriers for reservoirs A, D1,
D2, D4, and D5 in the field. The NTG (0.45-0.81) and
effective porosity (14-28%) denote fair to very good, and
this is consistent with Bate et al. (2023). Since porosity and
permeability are directly correlated, a high permeability of
245.75 md to 454.70 md in the field indicates significant
movability of the hydrocarbon in the reservoirs (A, B, C, D1,
D2, D4, and D1). This corroborates the works of Okoro et
al. (2020); Aigbadon et al. (2024) and Etu-Efeotor (1997).
The producing areas in the field displayed a bright spot with
high amplitude areas (reddish yellow), high porosities, and
permeability (yellow colour) of 245.75 md to 455 md (figs.
9, 11, and 12). This supports Bate et al. (2023) and
Dorrington and Link's (2004) research.

A significant apparent Sy resulted from the microporosity of
the authigenic clay. The sudden decline in Sy is one of the
primary problems in the field that has caused the yield of
hydrocarbon production from the wells in the field to decline
over time. This was made possible by correcting the effects
of shale and clay on the impacted reservoirs (A, C2, and A4)
on both well logs and cores, which supports the findings of
Aigbadon et al. (2017 and 2022). Due to the suboptimal
design of reservoirs A, C2, and A4, clay-bound water that
had been store in the grain was eliminated. The Swirr values
(0.32-0.52) estimated from the core at the same probe depth
are higher than the estimated Sy, values (0.22-0.48) from the
electric log estimated at intervals of 2814-3532m, suggesting
that the clay/shale bound water has been removed and that
the reservoir quality has improved. This reflects that more
hydrocarbons in reservoirs A, C2, and A4 without producing
water. In addition, the estimated Swir values are not
extremely high enough that we result to the production of
hydrocarbon with water from the wells. Reservoir models
and petrophysical data have revealed that reservoirs can
continue to generate good amounts of hydrocarbons for
some years before eventually depleting.

CONCLUSION

The investigation was done by integrating seismic attributes,
well and core log in study area. The reservoir quality has
improved and the clay/shale bound water has been removed.
The approximate values of Sy (0.195-0.450) from the
anticipated electric log at intervals of 2814-3532m are lower
than the Swirr (0.32-0.52) estimated from the core at the same
probe depth. In reservoirs A, B, and C, the wells Sy, varies
from 45.50% to 78.50% throughout the field. The bypass
reservoirs D1, D2, D4, and D5 which were abandoned in
previous studies were appraised. The RMS amplitude maps
indicate presence of hydrocarbon and coincide with areas of
interest in the Usani wells with aforementioned porosity and
permeability range. The depositional facies such as
bioturbated sandstone, disturbed slump structures with
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ophiomorphia burrows, including weakly cross-bedded and
planar cross-bedded sandstones, respectively are strong
indicative of fluvial to deltaic environments. Reservoir
models and petrophysical data have revealed that reservoirs
A and B are the most prolific in the study area and could
generate a high amount of hydrocarbons for some years
before eventually depleting.
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