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Abstract

The accessibility and the worth of hydrocarbons in a reservoir are determined by the sediment
deposited in the reservoir. Interpreting the depositional environment of a sand reservoir plays an
important role in revealing the volume of appreciable hydrocarbons in the reservoir. Three wells’
data were used for this study. These data were processed and analysed with Microsoft Excel as well
as the calculated parameters. The average total porosity estimated were 20.0% [indicating that the
reservoir is highly porous; classified as good], 25.1% [showing that the reservoir is highly porous;
belongs to the very good class] and 21.5% [signifying that the reservoir is highly porous; classified
as good] respectively for wells AA, BB and CC. For well AA, the mean and standard deviation
outcomes are 20.5 and 2.525 respectively. The sorting, skewness and kurtosis correspond to
extremely poorly sorted, very coarse skew and extremely leptokurtic. For well BB, the mean and
standard deviation results are 25.2 and 0.6 respectively. The sorting, skewness and kurtosis results
for wells BB and CC correspond to poorly sorted, very coarse skew and very leptokurtic. The mean
and standard deviation outcomes deduced from well CC reservoir are 21.0 and 0.75 respectively.
The outcomes of the discriminant functions defined reservoir AA as one that has beach and fluvial
characteristics with shallow agitated conditions. Wells BB and CC show aeolian and shallow marine
with agitated conditions. The very coarse skew definition of sediment arrangement in the reservoirs
points to the environment of deposition with high energy; as such the migration of hydrocarbons is
faster from the reservoir to the well bore.
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1.0 Introduction
Sandstones are significant
sedimentary environments on

components of
the Earth’s
surface. The environment of deposition of
sediment is the sum of the physical, chemical
and biological condition under which it was
deposited (Atat et al., 2018). The availability and
the quality of hydrocarbons in a reservoir is
assessed by the sediment deposited in the
reservoir. Therefore, a decision can be made
about the transporting medium, the condition of
flow at the time of deposition, and the nature of
the depositional location to qualitatively predict
the quality of the reservoir sand body. A high
degree of reservoir heterogeneity is generally
connected with the paralic successions of the
Niger Delta basin (Asquith et al., 2004); this is a
major challenge for explorationists to effectively
model the reservoirs and evaluate hydrocarbon
reserves (Mode et al., 2017; Darling, 2005, Mode et
al., 2013). Sand deposited in varying environments
are categorized by different log trends, geometrics and
dimensions (Allen, 1970). This shows that the
physical characteristics of clastic reservoir rocks
reflect a response of the complex interplay of
processes operating in a depositional system.
The disparity in sedimentary environments may
be accredited to changes in energy levels, flow
velocity and climate, leading to the differences
in the morphologies and qualities of sandstone
reservoirs. According to Tyler and Finley
(1991), the average recovery efficiency of oil
could be tied closely to depositional
environments and recovery mechanisms. Weber
and Daukoru (1975), Evamy et al. (1978), and
Ekweozor and Okoye (1980) have reported in
their works on Niger Delta reservoir rocks, that
the quality of the sandstones initially deposited
is a function of the source area, the depositional
processes and the environment in which the
deposition takes place.

Although depositional environments of Niger
Delta sands have been studied, few works have
quantitatively classified environments using
discriminant functions combined with porosity

outcomes. This study addresses that gap. From
Walter’s Law [or the law of facies succession]
which states that the facies that occur in a given
sedimentary sequence will always be found in a
specific order reflecting the sequence of
depositional in  which they
formed. This law suggests that the facies in a
sedimentary sequence will always occur in a
predictable order with each facies representing a
specific depositional environment. This law is a
fundamental principle in sedimentary geology
and is used to reconstruct ancient depositional

environments

environments and to understand the evolution of
sedimentary basins. In a simple break down, a
sedimentary sequence begins with a sandstone
facies (representing a beach or river depositional
environment), followed by a shale facies
(representing a deeper water depositional
environment, after which a limestone facies
(representing a  shallow  water
depositional environment, and finally, the
sequence ends with a conglomerate facies
(representing a high energy depositional
environment).

occurs

Geology of the Study Area

The Niger Delta, Nigeria is in the continental
margin of West Africa, on the Gulf of Guinea. It
is located within latitude 3°N - 6°N, and
longitudes 5°E - 8°E (Akpabio et al., 2023a;
Akpabio et al., 2023b; Reijers et al, 1996; Ekop
et al., 2025; Eyibio ef al. 2023; Umoren et al.,
2019). The southern tip of the delta is at the
Akwa Ibom State, which is at a latitude of 5°
North and a longitude of 8° East. The Southern
Niger Delta is located at a longitude of 7° East
and a latitude of 4° North. It has some of the
largest oil fields in Africa. These fields in the
Niger Delta produce billions of barrels of oil
every year, and they play a vital role in the
economy of Nigeria. The southern Niger Delta
comprises of nine states: Abia, Akwa Ibom,
Bayelsa, Cross River, Delta, Edo, Imo, Ondo and
Rivers State. Initially, the southern Niger delta
was limited to the geographical area occupied
mainly by the minorities of southern Nigerians
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but today, the region has become synonymous
with the oil producing states (Usen, 2003). The
Niger Delta is the youngest Sedimentary basin
within the Benue Trough system. The region
began after the Eocene tectonic phase, up to
12.0km of silicic high energy deltaic deposits
and shallow marine sediments have gathered in
the basin (Atat et al., 2023a).

The Niger Delta province contains only one
identified petroleum system (the Tertiary Niger
Delta (Akata — Agbada)) (Atat et al., 2020a;
kulke, 1995; Ekweozor and Daukoru, 1994). The
volume of sediment is nearly 500000km?
(Umoren et al., 2020). Three lithostratigraphic
units are distinguished in the Tertiary Niger
Delta (Atat and Umoren, 2016). The Benin
Formation is the uppermost unit of the Niger
Delta Complex that lays on top the Agbada
Formation (Atat et al., 2023b). The Niger Delta
region as other regions in Nigeria experiences
wet and dry season with average rain in each
month during wet season of about 135mm and
falls to 65mm in dry season (George et al., 2010;
Atat et al., 2020a; George et al., 2017; Ejoh et
al., 2023; Benjamin et al., 2022). The three
major lithostratigraphic units Akata Formation
(which is where petroleum occurs in the Niger
Delta basin (Udo et al., 2017; Atat and Umoren,
2016)), Agbada Formation (which lies beneath
the Benin formation and comprises interbedded,
fluviomarine sands, sandstones and siltstone of
several quantity (Weber, 1971) and Benin
Formation (which is the uppermost unit and
comprises of fluviatile gravel and sands; it is the
coastal pain sands which outcrop at Benin,
Onitsha and Owerri province and elsewhere in
the delta area).

2.0 Materials and Method

2.1 Materials

Microsoft Excel was used as the key software for
the processing, analysis and computations. The
data available for this research are evidence from
the onshore Niger Delta Oilfield which include
sonic, density, gamma ray and neutron raw wells
(AA, BB and CC) data.

2.2 Method

Wireline logs are used to generate more
information regarding the sequence of rocks
penetrated by the wells (Udoh et al., 2020;
Kearey et al., 2002). The data were loaded in the
Excel; spurious values were removed, and
sandstone lithology and shale lithology were
identified. The net thickness of each reservoir
was determined. The indication of the gamma
ray log below 75 API (American Petroleum
Institute) was taken as a sand reservoir. The step-
by-step procedure is shown in Figure 1.

Porosity was estimated using Equation 3. The
outcome of porosity was used to determine
frequency which the
deduction of percentiles from the ogive. The
statistical and textural parameters were achieved
using Equations 4. to 8. Porosity curves are in
black colour; gamma ray curves in blue. Lastly
Equations 9 to 12 were adequate for the findings

cumulative enables

of the discriminant functions. The mathematical
expressions employed are referred to in the
subsection.

2.3 Determination of porosity

Porosity is defined as the percentage of void
space in a rock that can contain fluid. It is a
measure of the rock’s ability to hold fluid (Atat
et al., 2023c; Umoren et al., 2024) and is
expressed as a percentage of the rock’s total
volume. It may be seen as the openings between
grains that oil and gas can move through the
rock, contained, and pass from the rock into the
well (Fraser, 1935). The amount of void space
interconnected, and able to transmit fluids is
called Effective Porosity while a void space that
is connected and not connected is called Total
Porosity. Porosity can be primary or secondary.
Primary porosity is that which a rock possesses
at the end of its depositional phase. Secondary
porosity is that which is due to post depositional
processes such as solution and fracturing
(Pettijohn, 1975). Porosity of the formation is
important in evaluation of fluid content,
potentiality of fluid flow. It may be determined
by the use of Equation 1 (Atat et al., 2024a;
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Umoren et al., 2023). Equations 2 and 3 (Atat et
al., 2023c) are also recommended (Atat et al.,
2022). However, if there is no precision in the
estimation of fluid density, porosity outcome
may not be better (Atat et al., 2020b) as the mud
filtrate fluid is recorded by the formation density
device. A zone with higher density defines the
number of electrons with greater densities (Atat
et al., 2024b). Density of oil is the fraction of the
mass of oil to its volume (Atat et al., 2020c), and
aids in 1identification of reservoir rock by

lithology description (Umoren et al., 2024; Ekop
et al., 2025).

_ Pma—Pb

B Pma—Pf (1)
where: @ = Total porosity; p,,,= grain matrix
density = 2.65g/cm® for sandstone; p,= bulk
density recorded; pg= fluid density which is

taken as taken as 0.85 for oil and 0.2 for gas
(Atat et al., 2024a).

Q) — Cr(t—tma) (2)

l
l

l

Wﬂﬁﬂﬂ of discriminant parameters

Data loading

Processing

Lithology Identification
Estimation of Porosity

Cumulative frequency curves

Percentiles deduction

N

Figure 1: The workflow for determination of discriminant parameters

The value C, of can vary between 0.625 and
0.700 as the case may be. The most widely
accepted value is 0.670 (and 0.60 for gas
reservoirs).
t— tma
Q= m 3)

t is the sonic response in microsec/ft, t,,, is the
matrix travel time in microsec/ft, t; is the fluid

travel time in microsec/ft, @ is the porosity. The
fluid velocity (¢ of 189 psec/ft) of 5,300 ft/sec

is generally assumed for fresh drilling fluids
(Umoren et al., 2023). A slightly lower value,
185 psec/ft, 1s used for salt muds.

2.4 Textural Parameters

Statistical and textural parameters include mean
(M) (Equation 4 was used to determine it),
standard deviation (S;) (appropriate expression
is Equation 5), sorting (which was obtained
using Equation 6), skewness (§) (it was achieved
by the use of Equation 7) and kurtosis (K)
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(Equation 8 was considered) (Adedoyin et al.,
2022; Oladipo et al., 2018; Gandhi and Raja,
2014; Atat et al., 2024c; Folk and Ward, 1957).

M = %(Qw + @50 + Dg4) 4)

Standard deviation is a measure of sorting. The
sorting is a measure of the range of grain-size
present and the magnitude of these sizes around
the mean sizes.

1
Sq = Z(®84 - ®16) (5)
S = ®84;®16 + ®9z;)@s (6)

Skewness measures the symmetry of a curve by
marking the position of the mean in relation to
the median. A given size population that has a
tail of excess fine particles is said to be
positively skewed while one with tail excess is
said to be negatively skewed. Negatively
skewed (which is coarse skewed) defines a high
energy environment and positively skewed
(which is finely skewed) corresponds to a low
energy environment.

PgatP16—Ds0
Pg4—D16

K =05( + 2P O) (7

B95—0s

Kurtosis is defined as platykurtic, its value is
negative excess kurtosis (that is, opposite
situation to the case of leptokurtic); if it is
mesokurtic, kurtosis curve is observed to have
uniform sorting in both tails and central position
and finally leptokurtic, if its value is positive
excess kurtosis (tail is better sorted than central
portion). It is a quantitative measure used to
describe the departure from normality of
distribution. It signifies the ratio between sorting
in tails and the central portion of the curve.
Pos—Ps

S T 244(0,5-025) ®)

(Gandhi and Raja, 2014; Oladipo et al., 2018;
Atat et al., 2024c¢)

2.5 Discriminant Functions
A discriminant function is a statistical tool used
to classify sedimentary rocks into different

depositional  environments  (Ghosh  and

Chatterjee, 1994). It is a method that combines
numerous variables (like grain size, sorting,
skewness and kurtosis). Sahu (1964) and Atat et
al. (2021) articles contained that the fluctuation
in the energy and fluidity effects correlate better
with different processes and the environment of
deposition. Equations 9 to 12 are adequate for
the computation of different discriminant
functions.

Y, = —3.5688M + 3.7016S2 — 2.0766S +
3.1135K 9)

Y, = 15.6534M + 65.7091S7 + 18.1071S +

18.5043k (10)

0.2852M —8.76045; — 4.8932S + 0.0482K
(11)

4.5129M — 1.28375F + 3.5904S + 4.1038K
(12)

Y

Y,

where M is the mean, Sq is the standard
deviation, S is skewness, K is kurtosis. If Y; > -
2.7411, it points to the beach environment; Y1 <
-2.7411 shows the aeolian condition; Y2 > 65.36
signifies shallow agitated condition; Y2 < 65.36
characterizes the beach deposition; Y3 > -7.41
defines shallow marine environment; Y3 <-7.41
specifies the deltaic environment; Y4 > 9.81
characterizes the fluvial or deltaic deposit; Y4 <
9.81 denotes the influence of turbidity current
(Atat et al., 2021). Therefore, the above
expressions (Equations 9 to 12) are used to
interpret the process and environment of
deposition.

3.0 Results and Discussion

3.1 Results

Discriminant functions have been determined to
interpret the environment of deposition of the
studied wells reservoirs. The wells data (AA, BB
and CC) have been analysed using Microsoft
Excel. The result of investigation of the textural
and discriminant parameters are displayed in
Table 1. The porosity and gamma ray curves are
presented in Figures 2 to 4. The ogive outcomes
are highlighted in Figure 5.
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Table 1: The outcome of textural and linear discriminant parameters

WELLS AA BB CcC
Mean 20.5 25.16666667 20.96666667
Standard Deviation 2.525 0.6 0.75
Sorting 5.343181818 1.190909091 1.446969697
Skewness -42.225 -6.795 -1.96
Kurtosis 57.93442623 2.557377049 2.827868852
Y1 119.7227982 - 82.99287238 - 67.3464576
Y2 1908.616811 486.4855581 443.6891474
Y3 -73.35924318 - 1.680301457 - 5.892040509
Y4 341.2655185 127.8833219 110.6985969
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Figure 2: Porosity/gamma-ray logs from well AA
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Figure 4: Porosity/gamma-ray logs from well CC
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Figure 5: The Ogive outcomes of wells AA (red), BB (green) and CC (purple)

4.0 Discussion

4.1 For well AA

The net thickness of the reservoir was obtained
as 91.5ft (Figure 2). The average total porosity
estimated is about 20.0% indicating that the
reservoir is highly porous and it is classified as
good. In order to determine the discriminant
functions, the statistical and textural parameters
were investigated from the ogive. The mean and
standard deviation outcomes for this reservoir
were determined as 20.5 and 2.525 respectively
(Table 1). From Figure 5, the values of sorting,
skewness and kurtosis correspond to 5.34
(extremely poorly sorted), - 42.23 (very coarse
skew) and 57.93 (extremely leptokurtic). The
discriminant functions were determined as Y| =
119.722 (beach environment); Y2 = 1908.62
(shallow agitated conditions); Y3 = - 73.359
(fluvial environment) and Y4 = 341.27 (fluvial
deposit) (Atat et al., 2021).

4.2 For well BB

The net thickness of the reservoir obtained is
about 21.0ft (Figure 3). The average total
porosity estimated is about 25.1% showing that

the reservoir is highly porous and it belongs to
the very good class of porosity. From the
discriminant functions findings, the statistical
and textural parameters were determined. The
mean and standard deviation results for this
reservoir are 25.2 and 0.6 respectively (Table 1).
From Figure 5, sorting, skewness and kurtosis
correspond to 1.19 (poorly sorted), -6.80 (very
coarse skew) and 2.56 (very leptokurtic). The
discriminant functions were determined as Y| =
- 82.99 (aeolian condition); Y2 = 486.49
(shallow agitated conditions); Yz = - 1.68
(shallow marine environment) and Y4 = 127.88
(fluvial deposit).

4.3 For well CC

The net thickness of the reservoir was obtained
as 267.0ft (Figure 4). The average total porosity
estimated is about 21.5% signifying that the
reservoir is highly porous and it is classified as
good. In order to assess the discriminant
functions, the statistical and textural parameters
were examined. The mean and standard
deviation outcomes for this reservoir are 21.0
and 0.75 respectively (Table 1). From Figure 5,
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sorting, skewness and kurtosis correspond to
1.45 (poorly sorted), - 1.96 (very coarse skew)
and 2.83 (very leptokurtic). The discriminant
functions were determined as Y; = - 67.35
(acolian condition); Y, = 443.69 (shallow
agitated conditions); Y3 = - 5.89 (shallow marine
environment) and Y4 = 110.70 (fluvial deposit).

5.0 Conclusion

Porosity is an important parameter which
accounts for the ability for the transmission and
storage of fluid in the reservoir. The studied
reservoirs are highly porous and good in all the
wells. The pore spaces thicknesses information
shows poorly sorted, very coarse skewed and
very leptokurtic possibility for both wells BB
and CC reservoirs but for AA, it is observed as
extremely poorly sorted, very coarse skewed and
extremely leptokurtic. The sorting disparity
could be due to constant deposition of coarse or
fine materials. The outcomes of the discriminant
functions defined reservoir AA as one with
fluvial characteristics with shallow agitated
conditions. Wells BB and CC show aeolian and
shallow marine with agitated conditions which
point to high energy of deposition. Therefore,
development and hydrocarbon production are
strongly encouraged as the transmission of
hydrocarbons to the well bore would be faster as
due to the influence of energy of deposition.

References

Adedoyin, A. D., Lekan-Ojo, K. A., Atat, J. G.
and Omorinoye, O. A. (2022).
Investigation of Textural Attributes of
Sediment in Ifelodun County, Nigeria.
World Journal of Applied Science and
Technology, 14(1b), 97-106.

Akpabio, I. O., Atat, J. G. and Akankpo, A. O.
(2023a). Local Fit Parameter Satisfying
Shear Modulus Porosity Relation for
Southern V4 Basin Analysis.
Neuroquantology, 21(5), 1385-1391.

Akpabio, 1. O., Atat, J. G., Umoren, E. B. and
Ekemini, J. D. (2023b). The Reservoir
Rock Volumetric Concentration and
Tortuosity Description of Pore Space of
Xa Field, Niger Delta Basin. World
Journal of Advanced Science and
Technology, 3(01), 1 — 13.

Allen JRL (1970) Sediments of the modern
Niger Delta, a summary and review. In:
Morgan JP, Shaver RH (eds) Deltaic
sedimentation, modern and ancient, vol
15. SEPM Special publication, Tulsa, pp
138-151.

Asquith, G. B., Krygowski, D. and Gibson, C. R.
(2004). Basic well log analysis. Tulsa:
American Association of Petroleum
Geologists, pp. 305 — 371.

Atat, J. G. Adedoyin, A. D. and Umo, E. (2021).
Discriminant Function and Critical Shear
Stress  Investigations  Differentiate
Depositional ~ Environment in  the
Western Part of Nigeria. Journal of
University of Babylon for Pure and
Applied Sciences (JUBPAS), 29(3), 109-
125.

J. G. and Umoren, E. B. (2016).
Assessment of Mechanical and Elastic
Properties of Soils in the South Eastern
Part of Niger Delta, Nigeria. World
Journal of Applied Science and
Technology, 8(2), 188-193.

Atat, J. G., Akankpo, A. O., Umoren, E. B.,
Horsfall, O. 1. and Ekpo, S. S. (2020b).
The Effect of Density-velocity Relation
Parameters on Density Curves in Tau (1)
Field, Niger Delta Basin. Malaysian
Journal of Geosciences (MIG), 4(2), 54-
58.

Atat, J. G., Akpabio, I. O. and Ekpo, S. S. (2022).
Percentile-Oqive Approach Determines
the Textural Parameters of X. Field
Lithology and the Suitable Technique for
Porosity Estimates. Current Science,
2(5), 230 — 240.

Atat, J. G., Edet, A. C. and Ekpo, S. S. (2023b).
Assessement of Geotechnical Properties
of Soil Underlying a Collapsed Structure
along Iman Street, Uyo, Nigeria. Current
Opinion, 3(2), 279 — 290.

Atat, J. G., Essiett, A. A., Ekpo, S. S. and Umar,
S. (2023a). Modelling of Bulk Modulus
from Sand [API <75]-Shale [API >75]
Lithology for Xa Field in the Niger Delta
Basin. World Journal of Advanced
Research and Reviews, 18(03), 635—644.

REJ#3ST

Atat,



87 Umoren, E. B.", Joseph Gordian Atat, J. G., Akankpo, A. O., Ekpo, S. S., Jacob, B. S.

Atat, J. G., Horsfall, O. 1. and Akankpo, A. O.
(2020c¢). Density Modelling from Well
Analysis of Fields [Sand API < 75 and
Shale API > 75, Niger Delta Basin. /OSR
Journal of Applied Geology and
Geophysics (IOSR-JAGG), 8(2), 1-6.

Atat, J. G., Uko, E. D., Tamunobereton-ari, I.
and Eze, C. L. (2020a). The Constants of
Density Velocity Relation for Density
Estimation in Tau Field, Niger Delta
Basin. IOSR Journal of Applied Physics
[IOSR-JAR], 12(1), 19 — 26.

Atat, J. G., Umoren, E. B., Akankpo, A. O. and
Isaiah, J. 1. (2024c). The formation
young’s modulus and textural attributes
of the Axx-field from southern Niger
delta, Nigeria. International Journal of
Scientific Research Updates, 07(01), 009
—028.

Atat, J. G., Umoren, E. B., Akankpo, A. O. And
Patrick, N. A. (2024a). An Information
on Ps Field Reservoir Worth Using Well
Log Data in the Niger Delta Basin,
Global Journal of Engineering and
Technology (GJET), 3(6), 1 — 7.

Atat, J. G., Umoren, E. B., Akankpo, A. O.,
Akpabio, 1. O. and Isaiah, J. 1. (2024b).
The Static Stress-Strain Ratio Modelling
from Well Data Satisfying the A3-Field
Well Bore Stability in the Niger Delta
Basin. Geological Behaviour, 7(2), 84 —

90.
Atat, J., Oluwafemi, B. and Adedoyin, A.
(2018). Kinetic Energy and

Transportation History of Sediments in
Ogunniyi, Western Nigeria. World
Journal of Applied Science and
Technology. 10(2), 98 — 109.

Atat, J.G., Akpabio, I1.O., Ekpo, S.S. Michael, O.
(2023c). Scrutiny of  Porosity
information from Well log in the South
Eastern Niger Delta Region.
International Journal of Psychosocial
Rehabilitation, 7 (03), Pp. 49 — 59.

Benjamin, E. U., Essiett, A. A., Bede, M. C,,
Atat, J. G., Essien, 1. E., And Ejoh, E. F.
(2022). Activity Concentration of
Natural Radionuclides and Transfer

Factors from Soil to Vegetable in Parts of
South-South Nigeria. World Journal of
Applied Science and Technology, 14(1b),

66 —72.

Darling, T. (2005) Well logging and formation
evaluation. Elsevier = Publications,
Amsterdam.

Ejoh, E. F., Essiett, A. A., Essien, L. E., Bede, M.
C., Benjamin, E. U. and Atat, J. G.
(2023). Estimation of Transfer Factor
from Soil to Cassava in Ethiope East,
Delta State, Nigeria. World Journal of
Applied Science and Technology, 15(1),
85-92.

Ekop, I. R., Bassey, C. E., Udoh, A. C. Ekefre,
A. E. (2025). Petrophysical Evaluation
of Reservoir Properties Using Well Logs
and 3D Seismic Data: A Case Study of
the ‘Northern' Field, Niger Delta.
Researchers Journal of Science and
Technology, 5(3), 1 — 21.

Ekweozor, C. M. and Daukoru, E. M. (1994):
Northern Delta Depositional Belt Portion
of the Akata Agbada Petroleum
System, Niger Delta, Nigeria. American
Association of Petroleum Geologists
Memoir 60. American Association of
Petroleum Geologists, Tulsa.
Estimationin Tau Field, Niger Delta
Basin. IOSR Journal of Applied Physics,
12(1), 19 —26.

Ekweozor, C. W. and Okoye, N. V. (1980).
Petroleum Source-Bed Evaluation of
Tertiary  Niger Delta.  American
Association of Petroleum Geologists
Bulletin, 64, 1251 — 1259.

Evamy, B. D., Harembourne J, Kamerling P,
Knaap WA, Molloy FA, Rowlands PH
(1978) Hydrocarbon habitat of Tertiary
Niger Delta. A4PG Bulletin, 62(1):1-39.

Eyibio, I. K., Essiett, A. A., Essien I. E., Atat, J.
G., Inam, J. E. and Inyang, N. J. (2023).
Assessment of the Radiological Health
Risk from Radionuclide Presence and
Transfer Factor from Soil to Corn in
some Selected Non-Oil Producing
Riverine Areas of Akwa Ibom State.

REJ£:ST



88 Researchers Journal of Science and Technology (2025) 5(8): 78 - 89

World Journal of Advanced Research
and Reviews, 20(3), 1092—-1101.

Folk, R. L. and Ward, W. C. (1957). Brazos
River Bar: a Study in the Significance of
Grain Size Parameter. Journal of
Sedimentary Petrology, 27, 3-27.

Fraser, H. J. (1935). Experimental Study of
Porosity and Permeability of Clastic
Sediments: Journal of Geology, 43, 910—
1010.

Gandhi, M. S. and Raja, M. (2014). Heavy
Mineral Distribution and Geochemical
Studies of Coastal Sediments between
Besant Nagar and Marakkanam, Tamil
Nadu, India. Journal of Radiation
Research and Applied Sciences, 7(3),
256 — 268.

George, N. J., Akpan, A. E., George, A. M. and
Obot, 1. B. (2010). Determination of
Elastic Properties of the Overburden
Materials in Parts of Akamkpa, Southern
Nigeria using Seismic Refraction
Studies. Archives of Physics Research,
1(2), 58-71.

George, N. J., Atat, J. G., Udoinyang, 1. E.,
Akpan, A. E. and George, A. M. (2017).
Geophysical Assessment of
Vulnerability of Surficial Aquifer in the
Oil Producing Localities and Riverine
Areas in the Coastal Region of Akwa
Ibom State, Southern Nigeria. Current
Science, 113(3), 430-438.

Ghosh, S. K. and Chatterjee, B. K. (1994).
Depositional Mechanisms as Revealed
from Grain-size Measures of the
Palaeoproterozic Kolhan Siliciclastics,
Keonjhar District, Orissa, India. Journal
of Sedimentary Geology, 89, 181 — 196.

Kearey P, Brooks M, Hill T (2002). An
Introduction to geophysical Exploration.
Blackwell publishing 262P.

Kulke, H. (1995). Regional Petroleum Geology
of the World. Part II: Africa, America,
Australia and Antarctica. Berlin:
Gebruder Borntraeger. pp. 143 — 172.

Mode A. W., Adepehin E. J., Anyiam, O. A.
(2013). Petrophysical effects of clay

heterogeneity on reservoirs’ properties:
case study of “Brown Field” Niger
Delta, Nigeria. Niger Assoc Pet
ExplorBull 25(1):61-69.

Mode, A.W., Anyiam, O.A. and John, S.L
(2017). Depositional environment and
reservoir quality assessment of the
“Bruks Field,” Niger Delta.J Petrol
Explor Prod Technol 7, 991-1002.

Oladipo, V. O., Adedoyin, A. D. and Atat, J. G.
(2018). The Geostatistical Investigation
of Grain Size and Heavy Minerals of
Stream Sediments from Agunjin Area,
Kwara State. World Journal of Applied
Science and Technology, 10(1B), 249 —
257.

Pettijohn, F. J. (1975). Sedimentary Rocks, 3rd
ed.: New York, Harper and Row, p. 628.

Reijers, T. J. A., Petter, S. W. and Nwajide, C. S.
(1996). The Niger Delta basin: Reijers,
TJ.A., ed., Selected Chapter on
Geology: SPDC Wa.: LP103-118.

Sahu, B. K. (1964). Depositional Mechanism
from the Size Analysis of Clastic

Sediments. Journal of Sedimentary
Petrology, 34(1): 73 — 83.

Tyler, N. and Finley, R. J. (1991). SEPM
concepts in  sedimentology  and
paeleontology, 3, 3.

Udo, K. I., Akpabio, I. O. and Umoren, E. B.
(2017). Derived Rock Attributes
Analysis for Enhanced Reservoir Fluid
and Lithology Discrimination. /OSR
Journal of Applied Geology and
Geophysics (IOSRJIAGQG), 5(2): 95-105.

Udoh, A. C., Bassey, C. E., Ekot, A. E., and
Udoh, M. U. (2020). Sequence
stratigraphic study of X Field in eastern
offshore of Niger Delta, Nigeria. Journal
of Geology and Mining Research, 12(2),
65-79.

Umoren, E. B., Akankpo, A. O., Udo, K. 1.,
Horsfall, O. 1., Atat, J. G. and
Asedegbega, J. (2020). Velocity-Induced
Pitfalls in Pore Pressure Prediction:
Example from Niger Delta Basin,

REJ#3ST



89 Umoren, E. B.", Joseph Gordian Atat, J. G., Akankpo, A. O., Ekpo, S. S., Jacob, B. S.

Nigeria. [IOSR Journal of Applied
Geology and Geophysics, 8(1), 52 — 58.
Umoren, E. B., Atat, J. G., Akankpo, A. O. and
Usen, 1. C. (2023). Porosity Estimation
using RHG Approach and Well Log Data
from Southern Niger Delta, Nigeria.
World Journal of Applied Science and
Technology, 15 (2), 207 — 212.

Umoren, E. B., Atat, J. G., Akankpo, A. O. and
Uzoewulu, R. O. (2024). Determination
of Permeability and Velocity Information
of Oil Reservoir using Well Log Data (S-
Field). Malaysian Journal of
Geosciences, 8 (2), 47 — 52.

Umoren, E. B., Uko, E. D., Tamunobereton-Ari,
I. and Israel-Cookey, C. (2019). Seismic
Velocity  Analysis  for  Improved
Geopressure Modelling in  Onshore
Niger Delta. International Journal of
Advanced Geosciences, 7(2), 179-185.

Usen, A. (2003). The Niger Delta at a glance.
Journal of NDDC, 1: 17-18.

Weber, K. J. (1971). Sedimentological aspects of
oil fields in the Niger Delta. Geologie en
Mijnbouw 50, 559 — 576.

Weber, K. J. and Daukoru, E. (1975). Petroleum
geology of the Niger Delta. Proceedings
of the Ninth World Petroleum Congress
2,209-221.

REJ£:ST



