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Abstract
Hydrocarbon play assessment of any hydrocarbon reservoir unit depends on the porosity, permeability, hydrocarbon saturation 
and water saturation of petrophysical model distributions and seismic reflections of reservoir rocks. The objective of the study 
is to resolve the ambiguities that are associated with hydrocarbon play assessment of an X-field in the Niger Delta basin. This 
was achieved through the use of pre-conditioned attributes, fault delineating seismic attributes such as coherence, variance 
and quantitative definition of the reservoir units of petrophysical model distributions, through the adoption of an integrated 
methodology of 3D seismic and well log data. A quick look examination of the well log signatures revealed numerous res-
ervoir sand units, but only three hydrocarbon-bearing reservoir sands were of interest to us (RS1, RS2 and RS3). From the 
quantitative interpretation of well logs, the three identified reservoir sands were evaluated in terms of porosity, permeability, 
hydrocarbon saturation, shale volume, movable hydrocarbon index and water saturation. Effective porosity values of 24.56, 
23.01 and 24.00% were obtained for Well 1, Well 2 and Well 4, respectively. This supports the known or already established 
porosity range of Agbada Formation of Niger Delta with range 28–32%. The hydrocarbon saturation for RS2 is 68.51% for 
Well 4, for RS3 72.49% for Well 3 and for RS2 74.16% and for RS3 77.34% for Well 2. RS2 of 79.51% and RS3 of 80.99% 
for Well 1 were obtained. This shows how prolific the reservoir sand units are with hydrocarbon accumulation tendencies. 
Structural analysis revealed a highly faulted system that depicts a typical tectonic setting of the Niger Delta basin, and the 
computed attributes like coherence, and variance shows an optimum visualization of the faulting system. This implies that 
the trapping mechanism of the field is of both anticlinal and fault-assisted closure and also the viability of the reservoir units 
is high from the computed petrophysical parameters.
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Introduction

Hydrocarbon play assessment of any hydrocarbon reser-
voir can depend on the porosity, permeability and water 
saturation of the petrophysical parameter distribution of 
reservoir rocks. These petrophysical properties have major 
contributions to hydrocarbon reservoir characterization. 
Estimation of the structural and petrophysical evaluation of 
every reservoir unit require the integration of seismic and 
well log data, to describe the reservoir properties in terms 
of thickness, subsurface structural traps, porosity, perme-
ability, hydrocarbon saturation, etc., within a particular field 

(Emujakporue 2017; Mehdipour et al. 2003; Ezekwe and 
Filler 2005; Hadi et al. 2005). Core samples and well logs 
can be used to determine or estimate the petrophysical prop-
erties, also sonic, neutron or bulk density log can be used to 
obtain the porosity value; hence, resistivity logs contribute 
to calculating the water saturation and fluid discrimination 
of the reservoir units (Emujakporue 2017). Stochastic and 
deterministic modeling are the two methods that can also 
evaluate the reservoir property, and it is always difficult to 
obtain the spatial distribution of the petrophysical proper-
ties using the deterministic approach (Emujakporue 2017; 
Miller et al. 2000; Ma et al. 2013; Adeoti et al. 2014; Qihong 
et al. 2000). This deterministic approach requires the inverse 
distance weighting method and it assumes a single value at 
a point (Emujakporue 2017). Identification of hydrocarbon 
reserves is the target of any oil and gas organization, since it 
serves as the economic growth indicator for the shareholders 
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and investors. Reservoir content can be evaluated through 
hydrocarbon volumetric analysis. The models of the reser-
voir are obtained through deterministic approach, which uses 
well logs, seismic and core data as input parameters (Paras-
nis 1986; Tearpock and Bischke 2003; Emujakporue 2016). 
Probablilistic or stochastic method uses statistical tools, geo-
logical model and analog field data to evaluate or estimate 
the reservoir models away from the field locations (Emujak-
porue 2016). Hydrocarbon fluid content, water saturation, 
porosity, permeability, thickness, oil in place and geometry 
of the reservoir can also be obtained through volumetric 
approach. For some time now, oil and gas organizations have 
adopted an integrated approach of 3D seismic and well log 
data for hydrocarbon play assessment (Emujakporue 2016; 
Adeoye and Enikanuselu 2009; Aigbedion and Iyayi 2007; 
Emujakporue and Faluyi 2015).

The world’s most prolific petroleum-producing tertiary 
deltas have been known to be Niger Delta basin (Selley 
1997; Asubiojo and Okunuwadge 2016), with the reserves 
exceeding 34 billion barrels of oil and 93 trillion cubic feet 
of gas. The basin has been ranked 12th on hydrocarbon 
recoverable accumulation (Tuttle et al. 1999; Asubiojo and 
Okunuwadje 2016). Numerous assessment plans have been 
conceived in recovering the large amount of hydrocarbon 
deposits within the Niger Delta basin, due to the volume of 
accumulation recorded in the basin. The basin is made up 
of onshore fields as well as continental shelf and deep off-
shore environments. Agbada Formation that is made up of 
mostly sandstone and unconsolidated sands is the hydrocar-
bon host in the Niger Delta basin. Acknowledged reservoir 
rocks are of Eocene to Pliocene in age, and they are often 
stacked with thickness that is less than 15 m and also above 
45 m (Evamy et al. 1978; Ameloko and Owoseni 2015). 
Lateral variation in reservoir depth is intensely managed by 
growth faults; with the reservoirs thickening toward the fault 
within the down-thrown block (Weber and Daukoru 1975; 
Ameloko and Owoseni 2015; Mode and Anyiam 2007). 
Some research works have been done on the analysis of 
the subsurface structural features or in diverse sedimentary 
basins using seismic and well logs data. The understand-
ing of the subsurface structural features using seismic data, 
petrophysical properties and depositional environment of the 
reservoir units from various parts of the Niger Delta basin 
has been carried out to evaluate the hydrocarbon capabilities 
of the basin by several workers (Emujakporue and Ngwueke 
2013; Hamed and Kurt 2008; Wiener et al. 1997; Haack 
et al. 2000; Hooper et al. 2002; Ajakaiye and Bally 2002; 
Morgan 2003). Subsurface arrangements must be expressed 
in detail for us to successfully evaluate the structural fea-
tures that are favourable for hydrocarbon accretion. This is 
as a result of hydrocarbon being found in geological traps. 
The traps can be stratigraphic or structural in nature, but 
common traps in the Niger Delta basin are mostly structural 

(Coffen 1984; Emujakporue and Ngwueke 2013; Doust and 
Omatsola 1990).

The pursuit of an ideal approach for hydrocarbon play 
assessment has been a task that many oil and gas organiza-
tions are engrossed with. Observation has shown that only 
one-third of oil in place has been recovered through the con-
ventional method of production (Kramers 1994; Nwankwo 
et al. 2014). For the unproduced oil, research has shown that 
it varies according to the depositional environment. 40–80% 
of the unrecovered oil is found in fluvial sandstone reser-
voir or deep sea fans (Larue and Yue 2003; Nwankwo et al. 
2014). The efforts by oil and gas organizations to increase 
their production rate through high investment of capitals to 
improve an enhanced oil recovery sometimes fail. There is 
need to contribute to the solution of hydrocarbon recovery 
ambiguities (Nwankwo et al. 2014). One of the major ways 
of resolving this issue is through hydrocarbon play assess-
ment. This supports our idea of variation of petrophysical 
property distibutions within the hydrocarbon reservoir, their 
transition across stratigraphic intervals and the quality of 
the reservoirs. Primary depositional or secondary diage-
netic processes determine the heteorogeneity of the reser-
voir rock properties. It has shown that porosity and perme-
ability define the quality of any reservoir model (Nwankwo 
et al. 2014). Studies have shown that adopting seismic and 
well log data for reservoir characterization can provide an 
optimal framework for delineation of subsurface structural 
features and evaluation of volumetric analysis of probable 
hydrocarbon reservoir. This can be obtained through the 
interpretation of 3D seismic data to define the geometry 
of the reservoir and estimation of the petrophysical models 
such as porosity, permeability, water saturation, hydrocarbon 
saturation and delineation of fluid contacts of the hydrocar-
bon-bearing zones (Sanuade et al. 2018; Futalan et al. 2012; 
Oyedele et al. 2013; Ihianle et al. 2013; Amigun et al. 2014; 
Onayemi and Oladele 2014).

The study aim is to resolve the ambiguities that are asso-
ciated with hydrocarbon play assessment of an onshore 
X-field in Niger Delta basin, Nigeria. This can be achieved 
through the use of pre-conditioned attributes, fault delin-
eating seismic attributes such as coherence and variance, 
and quantitatively defining the reservoir with petrophysical 
model distributions through the adoption of an integrated 
methodology of 3D seismic and well log data.

Geology of the study location

The study area is within the latitudes 4°, 7°N and longitudes 
3°,9°E, located on the onshore Niger Delta; this forms a 
three-way arrangement within the Cretaceous duration of the 
continental distintegration (Ajewole and Enikanselu 2014; 
Ekine and Ibe 2013; Ibe and Anyanwu 2014). Niger Delta 
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is the largest delta in Africa with a sub-aerial exposure of 
about 75,000 km2 and a clastic fill of about 9000–12,000 m 
(30,000–40,000ft) and terminates at different intervals 
by trangressive sequence (Short and Stauble 1967). The 
onshore Niger Delta is situated on the Gulf of Guinea on the 
west coast of Africa and the portion of the province is delin-
eated by the geology of southern Nigeria and southwestern 
Cameroon. The northern boundary is the Benin flank, an 
east–north-east trending hinge line south of the West African 
basement massif. It is also defined by outcrops of the Creta-
ceous on the Abakaliki high and further east–south-east by 
caliber flank, a hinge line bordering the adjacent Precam-
brian. The tectonic framework of the Niger Delta is related 
to the stresses that accompanied the separation of Africa and 
South Atlantic (Opara et al. 2013).

The stratigraphy of Niger Delta is complicated by the 
syn-depositional collapse of the clastic wedge as shale of 
the Akata Formation mobilized under the load of prograding 
deltaic Agbada and fluvial Benin Formation deposits. Three 
major depositional cycles have been identified within the 
Niger Delta; the first two involve mainly marine deposition 
that began with a major Paleocene marine transgression. 
The second of these two cycles started in late Paleocene 
to Eocene time, which reflects the progradation of a true 
delta with an arcuate wave and tide-dominated coastline. 
These sediments range in age from Eocene in the north to 
Quaternary in the south (Doust and Omatsola 1990; Opara 
et al. 2013). Deposits of the last depositional cycle have been 
divided into a series of depobelts, also called depocentres 
or megasequences separated by major syn-sedimentary fault 
zones. These cycles (depobelts) are 30–60 km wide, pro-
grade south-westward 250 km over oceanic crust into the 
Gulf of Guinea and are defined by syn-sedimentary faulting 
that occurred in response to variable rates of subsidence 
and sediment supply (Doust and Omatsola 1990). A depo-
belt therefore forms the structurally and depositionally most 
active portion of the data at each stage of its development. 
In comparison with other tertiary deltas, depobelts may be 
likened to the progradational wedges or depocentres of the 
US Gulf coast (Galloway et al. 1982). The Niger Delta basin 
envolved in a protracted style where subsidence and sedi-
mentation within a depobelt may have been facilitated by 
large-scale withdrawal and seaward movement of undercom-
pacted and geopressured marine shales under the weight of 
advancing paralic clastic wedge (Doust and Omatsola 1990).

In the Niger Delta basin, 9000–12,000 m is the thick-
ness range of clastic sediments that was formed due to flap 
of complex regression of the delta sedimentary structure 
(Etu-Efeotor 1997; Nwankwo et al. 2014). Identification 
of the Akata–Agbada system is the only single petroleum 
system known and it is called Tertiary Niger (Kulke 1995; 
Nwankwo et al. 2014). The geology, stratigraphy and struc-
ture of the Niger Delta basin have been greatly studied by 

several workers (Short and Stauble 1967; Weber and Dau-
koru 1975; Avbovbo 1978; Evamy et al. 1978; Whiteman 
1892; Owoyemi and Wills 2006; Bilotti and Shaw 2005). 
The areal extent of the delta is about 75,000 km2 with a 
clastic fill of about 12,000 m (Nwankwo et al. 2014). The 
world energy assessment of United States (US) geological 
surveys ranked or placed Niger Delta basin as the 12th pro-
lific petroleum system with 2.2% of the world’s oil and 1.4% 
of gas (Klett et al. 1997; Nwankwo et al. 2014).

The Niger Delta basin is made up of three formations: 
(1) Benin, (2) Agbada and (3) Akata Formations (Short and 
Stauble 1967; Nwankwo et al. 2014). The shallowest is the 
Benin Formation and it is made up of freshwater-bearing 
continental sands and gravels. Agbada Formation is the next 
on the sequence, underlying the Benin Formation; it consists 
of sand and shale intercalation with a thickness of about 
3700 km. This forms a better representation of the actual 
deltic sequence and is the hydrocarbon reservoir unit of the 
sequence (Nwankwo et al. 2014). The final on the sequence 
is the Akata Formation with 7000 m thickness range; it 
is made up of shales, clays and silts. This formation is of 
turbidite origin (Short and Stauble 1967; Nwankwo et al. 
2014).

Materials and methods

3D seismic data, checkshot data, base map and well log data 
were provided. The well logs include caliper log, sponta-
neous potential (SP) log, gamma ray log (GR), sonic log, 
density log and resistivity log. For the data examination 
and model construction, Petrel and RockDoc software was 
adopted; it integrates seismic and well log data to obtain 
the geological configuration of the study location. The logs 
were engaged to define the reservoir sands. Qualitative inter-
pretations were carried out using a quick look approach. 
This enabled us to identify the lithology of the formation 
and fluid discrimination using gamma ray log and resistivity 
logs within the study location. The lithology was recognized 
through the definition of shale baseline. High gamma ray log 
values depict nonpermeable bed, (shale) and low gamma 
ray log values identified the permeable beds (sandstone). 
Comparison of the low gamma ray log value to a high resis-
tivity reading from the resistivity log showed a probable 
hydrocarbon-bearing sand unit. This quick look examina-
tion of the well log signatures revealed numerous reservoir 
sand units, but only three hydrocarbon-bearing reservoir 
sands were of interest to us (RS1, RS2 and RS3). From the 
quantitative interpretation of well logs, the three identified 
reservoir sands were evaluated in terms of porosity, per-
meability, hydrocarbon saturation,, shale volume, movable 
hydrocarbon index and water saturation.
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An orthodox subsurface structural analysis of seismic 
data was carried out; this involves detailed identification 
and mapping of faults and horizon of interest. Variance and 
coherence attributes were computed from seismic amplitude 
to clearly identify structures and fluid of interest. Diagnostic 
attributes were deduced from various seismic attributes and 
used to map structural features within the study areas. To 
identify the geometry of the fault and further variations on 
seismic volume, we adopted a technique that allowed con-
ventional structural interpretation for strata reconnaissance, 
application of traditional amplitude and their enhancement 
in the time domain. For an optimal structural interpretation, 
coherence and variance enabled an enhanced description 
of fault configurations and hydrocarbon entrapment within 
the study area (Sanuade et al. 2018 and references therein). 
Having measured the well logs in depth units such as feet 
or metres and seismic being recorded in a two-way travel 
time, well to seismic tie technique was implemented. This 
allows the interpretation to relay the prospects recognized in 
wells with a precise timing on seismic volume. To eliminate 
the structural complexities that existed in the time domain, 
time to depth conversion was adopted. These depth conver-
sion methods can be separated into two broad categories: 
(1) direct time–depth conversion and (2) velocity model 

building for depth conversion (Etris et al. 2001). In this 
study, we implemented direct time–depth conversion for 
obvious reasons, through the application of a fixed transla-
tion equation with the use of checkshot data.

The petrophysical evaluation of the identified reservoirs 
was estimated based on movable hydrocarbon index (MHI), 
water saturation, hydrocarbon saturation, porosity, etc. The 
reservoir porosity was determined from the transient travel 
time of sonic log using the expression (Wyllie 1958; Okoobo 
2002):

where Δtfluid = 620 �s∕m , Δtmatrix = 184 �s∕m for sandstone,

161 �s∕m for limestone, 144 �s∕m for dolomite.
Shale volume was obtained using Larionov tertiary rock 

method (Larionov 1969; Sanuade et al. 2018):

(1)� =
Δtlog − Δtmatrix

Δtfluid − Δtmatrix

,

(2)Vsh = 0.083 ×
(

23.7×GRindex−1
)

,

(3)GRindex =
GR − GRmatrix

GRshale − GRmatrix

,

Fig. 1   Base map of the study 
location. The base of the study 
location indicates the actual 
well locations within the study 
area and the corresponding 
coordinates
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where GR = GRlog value, GRmatrix = GRlog of 100% matrix 
rock, GRshale = GRlog of 100% shale, GRindex = gamma ray 
index, Vsh = shale volume.

For water saturation, we adopted Archie’s formula 
(Archie 1942; Okoobo 2002):

for uninvaded zone:

where Sw =water saturation, Rw = resistivity of water, R
t
= 

true resistivity and F = formation factor.
For flushed zone:

(4)Sw =

√

FRw

R
t

,

(5)S
xo
=

√

FR
mf

R
xo

,

where R
mf

= resistivity of mud fluid and R
xo
= resistivity 

of flushed zone.
For hydrocarbon saturation, we used the expression:

where Sh = hydrocarbon saturation. and Sw = water 
saturation.

The index of movability (MHI) of the identified reser-
voir sands was estimated using the expression (Schlum-
berger 1985; Okoobo 2002):

According to Schlumberger (1985): if 10M ⩾ 1 , hydro-
carbon will not move during invasion; but if 10M ⩽ 0.7 for 
sandstone, movable hydrocarbon is indicated.

(6)Sh = 1 − Sw,

(7)10M =
S
w

S
xo

.

Fig. 2   Well positions indicating plotted logs. This shows the plotted well logs of the entire four wells within the study area and its corresponding 
reservoir units

Table 1   Petrophysical properties of Well 1

Sand top (m) Sand base (m) Gross sand (m) Net pay (m) Vsh% Sw% Sh % BVW% BVO% MHI% PhiE% NGR% F

RS1 3166.67 3345.83 179.16 115.44 16.40 55.89 44.11 14.15 8.39 0.63 25.31 0.64 11.89
RS2 3554.17 3658.33 104.16 79.37 17.89 20.49 79.51 5.03 12.85 0.28 24.56 0.76 12.69
RS3 3737.50 3916.67 179.17 147.31 19.00 19.07 80.99 4.39 12.19 0.26 23.11 0.82 14.46
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Table 2   Petrophysical properties of Well 2

Sand top (m) Sand base (m) Gross sand (m) Net pay (m) Vsh% Sw% Sh % BVW% BVO% MHI% PhiE% NGR% F

RS1 3204.17 3337.50 133.33 90.85 17.24 70.89 29.11 29.11 16.72 0.76 23.58 0.68 13.85
RS2 3537.50 3708.33 170.83 149.59 19.88 25.84 74.16 74.16 5.95 0.34 23.01 0.87 14.60
RS3 3795.83 3891.67 95.84 78.14 18.45 22.66 77.34 77.34 5.07 0.30 22.40 0.82 15.47

Table 3   Petrophysical properties of Well 3

Sand top (m) Sand base (m) Gross sand (m) Net pay (m) Vsh% Sw% Sh % BVW% BVO% MHI% PhiE% NGR% F

RS1 3195.8 3350.00 154.17 118.77 – – – – – – – 0.77 –
RS2 3575.0 3670.83 95.83 85.21 – – – – – – – 0.89 –
RS3 3754.17 3929.17 175.0 156.22 19.43 20.02 79.98 5.11 13.39 0.28 25.52 0.82 11.68

Table 4   Petrophysical properties of Well 4

Vsh volume of shale, Sw water saturation, Sh hydrocarbon saturation, PhiE effective porosity, BVW bulk volume of water, MHI movable hydrocar-
bon index, NGR net to gross ratio, BVO bulk volume of movable oil, F formation factor, RS reservoir sand

Sand top (m) Sand base (m) Gross sand (m) Net pay (m) Vsh% Sw% Sh % BVW% BVO% MHI% PhiE% NGR% F

RS1 3179.17 3300.00 120.83 96.05 17.71 74.83 25.17 19.45 5.08 0.79 25.99 0.68 11.28
RS2 3562.50 3708.33 145.83 106.28 16.42 31.49 68.51 5.56 11.49 0.40 24.00 0.73 13.33
RS3 3837.50 4370.83 233.33 197.93 22.01 71.04 28.96 16.94 5.32 0.76 23.84 0.85 13.53

Fig. 3   Seismic cube showing 
an anticlinal structure (1) and 
depositional features (2). This 
figure shows a volume rendered 
seismic cube that indicates 
the anticlinal and depositional 
structures of the study area
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For the determination of movable oil saturation (MOS), 
we adopted the expression (Okoobo 2002):

For the determination of bulk volume of water (BVW) 
(Okoobo 2002):

The permeability was estimated using (Timur 1968; 
Okoobo 2002):

Net to gross ratio was obtained using the expression 
(Sanuade et al. 2018):

(8)BVO =
(

S
xo
− Sw

)

�.

(9)BVM = Sw�.

(10)K

1

2 =
100�3

Swirr

.

(11)NTG =

∑

(Net int.)
∑

(Gross int.)
,

where Net int. = interval of the net pay section of the reser-
voir and Gross int. = interval of the entire reservoir.

Result presentation and discussion

The well log and 3D seismic data were analyzed and 
interpreted. The base map of the study area shows the 
positions of four well locations with the seismic vol-
ume that is bounded by inline and crossline coordinates 
(Fig. 1). Quick look interpretation of the log signatures 
from four wells depicts three hydrocarbon-bearing reser-
voir sands (RS1, RS2 and RS3), respectively, and these 
reservoir sands were mapped and tied throughout the 
well locations. At Well 1, the depth or thickness of the 
reservoir sand RS1 is 3166.67–3345.83 m; having a pay 
thickness of 115.44 m. Reservoir sand RS2 is at depth of 
3554.17–3658.33 m, with net pay of 79.37, while reservoir 
sand RS3 has a thickness range of 3737.50–3916.67 m 
and a net pay thickness of 147.31  m. In Well 2, the 

Fig. 4   Seismic volume showing picked faults. This figure shows the interpreted seismic section, indicating the positions of the picked faults on 
the seismic inline
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depth of reservoir sand RS1 is 3204.17–3337.50 m, hav-
ing a net pay thickness of 90.85 m, reservoir sand RS2 
is at a depth interval of 3537.50–3708.33 and a net pay 
thickness of 149.59  m and reservoir sand RS3 has a 
depth range of 3795.83–3891.67 m and net pay thick-
ness of 78.14 m. At Well 3, the depth of reservoir sand 
RS1 is 3195.83–3350.00  m, having a net pay thick-
ness of 118.77 m, and reservoir sand RS2 is at depth 
range of 3754.17–3929.17  m and a net pay thickness 
of 156.22  m. At Well 4, the depth of reservoir sand 
RS1 is 3179.17–3300.00  m, having a net pay thick-
ness of 96.05 m, reservoir sand RS2 is at a depth inter-
val of 3562.50–3708.33 m and a net pay thickness of 
106.28 m and reservoir sand RS3 has a depth range of 
3837.50–4070.83 m and a net pay thickness of 197.93 m. 
All the well locations revealed an intercalation of 

sand–shale–sand sequence and they tied to the probable 
hydrocarbon bearing units with similar thickness range 
throughout the entire wells (Fig. 2). This implies that all 
the wells lie on the hanging wall of growth fault that has 
been identified within the Niger Delta basin (Weber and 
Daukoru 1975; Mode and Anyiam 2007).

Tables 1, 2, 3 and 4 show the evaluated petrophysical 
properties of the entire wells within the study location. 
All the reservoir sands contained gas, known through den-
sity–neutron log combination procedure. Reservoir sand 
RS1 has a movable hydrocarbon index (MHI) of 0.63, 0.76 
and 0.79 in Well 1, Well 2 and Well 4, respectively. Accord-
ing to Schlumberger (1985), if the movable hydrocarbon 
index is less than or equal to 0.7 for sandstone and less than 
0.6 for carbonates reservoirs, then there will be hydrocarbon 
movement during invasion; but if MHI is equal to 1 (one), 

Fig. 5   Seismic volume showing picked horizon. The figure shows the seismic inline section with the inserted well log signature, four picked 
horizons and some fault line
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it means that, there is no movement of hydrocarbon during 
invasion. From the computed values on Tables 1, 2, 3 and 
4, reservoir sands will experience hydrocarbon movement 
during invasion, with recorded MHI values for reservoir 
sand RS2 being 0.28, 0.30 0.40 for Well 1, Well 2 and Well 
4, and RS3 of 0.26 and 0.30 for Well 1 and Well 2. This 
corresponds to good porosity of the reservoir sands, since 
it satisfies the conditions of Schlumberger (1985). With 
the effective porosity values of 24.56, 23.01 and 24.00% 
for Well 1, Well 2 and Well 4, respectively, these porosity 
values are in line with the range of 28–32% for the Agbada 
Formation of the Niger Delta (Schlumberger 1985). It also 
falls within very good porosity value of 20–30% recorded by 
Omolaiye and Sanuade (2013). The bulk volume of water is 
given as 5.03, 5.95 and 5.56% in Well 1, Well 2 and Well 4. 
This implies that the bulk volume of water is constant and 
the zone is of single type. The irreducible water saturation 
is 7.79, 8.54 and 8.17% for Well 1, Well 2 and Well 4. The 
bulk volume fraction of movable oil is recorded to be 12.85, 
11.61 and 11.49% for Well 1, Well 2 and Well 4. This means 
that hydrocarbon will be pushed during invasion and can be 
recovered on production; the hydrocarbon saturation for RS2 
is 68.51% for Well 4, for RS3 72.49% for Well 3, for RS2 
74.16%, for RS3 77.34% for Well 2, for RS2 79.51% and for 
RS3 80.99% for Well 1. This implies that this reservoir’s 
sands are viable reservoir units.

Structural smoothing and volume rendering were the 
preliminary interpretations of the 3D seismic dataset. The 
interpreted faults were then used in building the structural 
framework within the study location. Volume rendered was 
applied to the seismic section to partly make it opaque and 
transparent; hence, the micro subsurface structural features 
can be identified. Figure 3 illustrates the anticlinal struc-
tures and depositional features. The subsurface structural 
trends were prepared through handpicking of the assigned 
fault lines on inline volume, with the trace showing on the 
crossline. These faults are as a result of reflection displace-
ment along the preferred reflector orientation and, thus, sev-
eral faults were identified and mapped throughout the extent 
of the study location (Fig. 4) and also four horizons were 
picked on the seismic volume (Fig. 5).

The time slices obtained shows delineated subsurface 
structural features at 2.35 and 2.62 s, respectively. This 
shows the spatial distribution of seismic amplitude over the 
study area. At 2.10 s, the faults became more visible and 
gave a better resolution of distribution of the fault patterns 
across the field location. The compared seismic amplitude 
shows (Fig. 6) as the normal seismic amplitude time slice 
with a smeared lineament, (Fig. 7), the variance time slice 
with defined faults and (Fig. 8) the coherence time slice with 
the faults mapped better than the normal seismic amplitude 
time.

Fig. 6   Normal seismic 
amplitude. This figure shows 
the normal seismic amplitude 
indicating the picked faults on 
the section
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After faults and horizon picking on seismic volumes, the 
extracted information was posted on the base map, to gen-
erate seismic maps. Figures 9 and 10 show the time and 
depth of structural maps of the study location that reveal the 

hydrocarbon entrapment there. It can be deduced that the 
trapping mechanism in the study location is both an anticli-
nal and fault-supported closure.

Fig. 7   Variance attribute. This 
figure is a variance attribute that 
shows a better picked fault lines, 
when compared with the faults 
that were picked on the normal 
seismic amplitude

Fig. 8   Coherence attribute. This figure shows the coherence attributes, indicating the picked fault lines
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Conclusion

Four wells known as Well 1, Well 2, Well 3 and Well 4 were 
examined with the objective of assessing the hydrocarbon 
plays within the study location to delineate the reservoir capa-
bilities and hydrocarbon entrapment. A comprehensive struc-
tural analysis revealed a highly faulted system that depicts a 
typical tectonic setting of the Niger Delta basin. The trapping 
mechanisms within the study area are both anticlinal and fault-
assisted closure. Three reservoir sands were delineated based 
on gamma ray, neutron, density and resistivity log combina-
tion. The delineated hydrocarbon reservoir sands were all tied 
across the well location within the study area. Petrophysical 
properties such as water saturation and porosity were evaluated 
to quantitatively assess the hydrocarbon reservoir sands. This 
aids in estimating the quantity of gas or oil in place within the 
study, and the movable hydrocarbon index for reservoir sands 
across the entire wells averages about 0.34, which is less than 

0.7. This indicates high mobility tendencies of hydrocarbon 
fluid within the reservoir pores. Also, the values of bulk vol-
ume of water calculated at several depths for these sand units 
are close to a constant; this ascertained that the fluid within 
this sand unit is of a single type at irreducible water saturation. 
Four horizons were picked across the inlines and crosslines, 
and the depth structure map reveals the trapping mechanism 
in the field to be both an anticlinal and fault-assisted closure. 
Computed attributes such as amplitude, variance and coher-
ence show the faults of high resolution and also reveal chan-
nels and hydrocarbon migration pathways through which 
hydrocarbon migration and accumulation occurred. The delin-
eated hydrocarbon-bearing reservoir sands falls approximately 
within similar thickness across the well locations. The study 
has contributed in evaluating hydrocarbon-bearing reservoir 
units before implementing field development plan and proper 
placement of well location. Hence, this will eliminate drilling 
of dry holes or wells and also minimize the operational cost 

Fig. 9   Time map. This figure is the generated isochron map, indicating the position of the well location on the study area
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of the field, having identified the geometry and hydrocarbon 
saturation of the probable hydrocarbon reservoir units.
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