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ABSTRACT

This study was carried out by using well logs to evaluate the depositional
environments and hydrocarbon reservoirs in the Otuma oil field, Niger
Delta basin. The gamma motif/model within- study interval in the drilled
well shows blocky, symmetrical, and serrated shapes which suggest a
deltaic front with mouth bar to a regressive - transgressive shoreface delta
respectively. A correlation was done on the well logs across the wells and
the ten well logs were used to evaluate the petrophysical characteristics of
the reservoirs. The reservoirs showed highly porous and permeable
channels where the wells were used for the characterization. The ten
reservoirs were mapped at a depth range of 2395 m to 2919 m with
thicknesses varying from 4m to 135m. The petrophysical results of the field
showed that the porosity of the reservoirs ranges between 0.10 to 0.30, and
permeability from 48 md to 290 md; the water saturation ranges from 0.39
to 0.52, and hydrocarbon saturation from the field 0.48 to 0.61. The By-
passed hydrocarbons identified in low resistivity pay sands D4 and D3 at
depth 2649 m to 2919 m, respectively were also evaluated and will be put to
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I. INTRODUCTION

This research paper is established on a detailed evaluation
of the Otuma oil field, Niger delta Basin. The study is to re-
evaluate the reservoir heterogeneity, their characteristics as
well as the depositional environments. Niger Delta basin and
its hydrocarbon resources have been discussed by [2]-[6].
However, detailed study has not been carried out in the
Otuma oil field. There is high demand for hydrocarbon for
both domestic and industrial uses with a low rate of
production. There is a need to increase the country’s
hydrocarbon reserve base to over 40, 000bbls of oil. The
main aim of this research is to carried-out the detailed
correlation on the reservoir units across the wells, detailed
description, and petrophysical evaluation of the reservoirs to
ascertain the reservoir performance. Also, to evaluate
reservoir characteristics from facies distribution and
depositional environments of the wells in the Otuma oil
field. This will give an enhanced understanding of the
depositional environment, facies, reservoir heterogeneity,
and its quality.
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Il. STUDY LOCATION

The Otuma field is located northwest of the Niger Delta
with Latitude 5° 32” N and Longitude 7° 9’E. Niger Delta is
one of the world’s major hydrocarbon provinces and it is
situated on the Gulf of Guinea on the west coast of central
Africa (Southern Nigeria; Fig.1 & 2).

Fig. 1. Geological map of the Niger Delta showing study location
(Modified After [1]).
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Fig. 2. Well location map of the study area.

A. Lithostratigraphic Units of the Niger Delta Basin

Three major lithostratigraphic units have been recognized
in the Niger Delta basin and discussed in [1], [3], [7], [8].
They are Akata, Agbada, and Benin Formations ranging
from the oldest to youngest.

B. The Akata Formation

The Akata Formation (Paleocene — Recent) represents the
marine prodelta facies. It is composed of thick shale
sequences (potential source rock) and minor amounts of clay
and silt. The Akata Formation was deposited during low
stands tract. It contains terrestrial organic matter and clays
sediments. Its estimated thickness is about 7,000 meters [8].
The formation underlies the entire delta, and it is
characterized by over- pressure shales.

C. The Agbada Formation

The deposition of the underlying Agbada Formation was
during the Eocene. The Agbada Formation consists of
sandstone, alternation of sand-shale units in the delta. The
sandstone units are major petroleum-bearing units that house
the hydrocarbon. The formation has a thickness of about
4000 meters and represents the true deltaic portion of the
sequence. Agbada Formation is also called the parallic
Agbada Formation because the shale and sandstone beds
were deposited in equal proportions. Though, the upper part
is mainly characterized by sand with minor shale interbeds.

D. The Benin Formation

The Benin Formations (Oligocene-Recent) is about 2000
meters in thickness, but up to 2,100 meters in the region of
maximum thickness [8]-[9], and they are mainly of
continental sands and lack micro-faunas (Fig. 3).
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Fig. 3. Generalized Dip section of the Niger Delta Basin [8], [5], [6].

I1l. MATERIALS AND METHODS

The data for this research consists of suites of well logs
from ten different wells in the field (Table I).

A. Methodology

| Research Methodology |

Well Log Correlation

— Well Log Data —
| Data Loading |
|

hd
| Petrophysical Analysis I

|

| Depositional Environmenh_

|

| Interpretation |
Fig.4: Workflow chart adopted for this research.

The method adopted for the research shown in (Fig. 4).
The method of analysis involved delineation of rock types,
identifying rocks, and correlation of rock types by log
signatures across the ten wells. The well logs signatures/
motifs were used for the identification of the paleo-
environments (environment of deposition) based on the log
motifs according to [10].

For the petrophysical analysis, a quality check was
carried- out on the well logs data across the eleven wells to
avoid pitfalls in their interpretation before being imported
into Geolog for Petrophysical Interpretation. On average the
well logs was fair. The following equations 1-9 were used
for the petrophysical evaluations in the wells below:

TABLE I: SUMMARY OF THE FIELD WELL LOGS

Well Name Well Header Check shot Deviation Data

Gamma Ray Log

Resistivity Log Neutron Log Density Log

Well 1 - - -
Well 2 - - -
Well 3 - - -
Well 4
Well 5 - - -
Well 6 - - -
Well 7 - - -
Well 8 - - -
Well 9 - - -
Well 10 - - -
Well 11 - - -

X

XX XXX XXXXX

XX XXX XXXXXX
XX XXX XXXXXX
XX XXX XXXXXX

DOI: http://dx.doi.org/10.24018/ejge0.2021.2.6.233

Vol 2 | Issue 6 | December 2021



European Journal of Environment and Earth Sciences
WWW.ej-geo.org

| _ (GRIog _GRmin) 1) M1
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where IGR = Gamma-Ray index; GRj,q = Gamma-Ray
reading of the formation; GRmin = minimum Gamma-Ray
reading (sand baseline), GRmax = maximum Gamma-Ray
reading (shale baseline):

V,, =0.083(23.7x I 4 —1) 2) [11]
¢T — (pma _pb) 3) [11], [12]
Pma ~ Pt

where pma = matrix density which is taken to be 2.65g/

For sandstone, py = the bulk density read directly from the
log, pr = the fluid density which is taken to be 1 for gas and
0.87 for oil.

¢eff = Grotal — (¢sh ><Vsh) (4) [11], [12]

Net sand

NTG =——M—
Grosssand

(5) [11], [12]

Net sand =Gross sand — Shalyint ervals (6) [11]

0.136p*4
K (mD)=="% (7) [11]

where K (mD) =Permeability in milli-Darcy, ® = porosity,
Swirr = lrreducible water saturation.

1
s, =|[ 2R |
Rt*(De:n

Sp=1-3, (9) [11]

(8) [11]

Where Sy = water saturation; Ry = resistivity of water (that
is resistivity of formation water); R, = true formation
resistivity derived from the deep induction resistivity log; @
= porosity, n = saturation exponent usually taken as 2.0; m =
cementation factor; a = tortuosity.

IV. RESULTS AND DISCUSSION

A. Correlation in the Wells

The well correlation panel shows the tops and bases of the
reservoirs A, B, C, D1 and D2 in wells 1-10 range from
(2395-4530 m), respectively in Otuma oil wells. The GR log
motifs show that the overall lithology is an alternating
sequence of sands and shales Otuma oil wells 1-10 (Fig. 5).
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Fig. 5. Showing correlation panel in the wells.

The correlation reveals that and X1 and X2 exist as
separate sand bodies due to faulting (Fig. 5). The shale beds
increase with depth along with a corresponding decrease in
sand layers. This is a typical pattern in the Niger Delta
which shows the transition from Agbada Formation to Akata
Formation.

B. Depositional Environment and Lithofacies from

Gamma-ray Log Motif

1) Log Facies and Depositional Environment for wells

1-10

The studied reservoir interval 8000-9750 ft (2395-530 m)
in the wells (Fig. 5) shows that the GR log motif depicts a
blocky car box trend (reservoirs A and B in wells 1-10 and
reservoir C in wells 1-6, and10), symmetrical model
(reservoirs C in wells 7, 8, and 9; D1 in wells 1, 2, and 9)
and serrated models (reservoirs D2 in wells 5-10) [10], [13].
From the integrated data set of GR log and Resistivity log/
Electorofacies logs, four depositional facies were recognized
as channel sands (reservoirs A, B in the ten wells), tidal and
distributaries channels sands (reservoirs B, C in the ten
wells), and fluvial flood plains (D1, D2). The GR log motifs
show the lithology characteristics are alternating sequences
of sand shale. The prominent sequence in the wells located
in the channels comprises the reservoir rocks with
intercalation of sand and shale bodies depicting that logging
begins at the basal part of the Benin Formation down to the
Agbada Formation (Fig. 5). The depositional environment of
the studied well intervals can be conveniently classified as a
deltaic-fluvial environment based on the log motif and
depositional facies models [10], [13]; (Fig.6). This
stratigraphic sequence is a common feature of the Agbada
Formation in the Niger Delta, where these channels serve as
reservoirs in the field. These reservoirs are the productive
zone based on the Wire line log motif and the depositional
models for the field. (Fig. 5 & 6).
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Fig. 6. Direct correlation between facies and a variety of other log shapes
relating to Sedimentological relationship by Cant [10].

C. Petrophysical analysis results for Otuma oil field

The effective porosity of 0.10-0.30, NTG of 0.49-0.87,
the permeability of 48-290 md for reservoirs A, B, C, D1,
and D2 which contains the producible amount of
hydrocarbon in the wells have cut off from Very good to
poor. There is also a good pore throat communication
network from wells 1-7 until faulting occurs at well 9 (X1)
(Fig. 5). The effective porosity values range from 0.10-0.30
in the wells after correction for shale effects is done on the
reservoir to improve the quality. The porosities cut-off is
fair enough to support hydrocarbon production and
exploitation in the wells [14]. The shale content estimated at
reservoirs A, B, C, and D1, D2 (bypassed zone reservoirs)
ranges 0.16-0.24 as such will not hinder production in the
field.

Water saturation (Sw) of 0.39-0.52 in reservoirs A, B, D1,
and D2 in the wells. The calculated water saturation in the
wells is not too much that it will affect hydrocarbon
production in the field. Though bypassed reservoir D2 will
be produced hydrocarbon alongside water. The amount of
hydrocarbon saturation in the well’s ranges from 0.48—0.61.
The calculated hydrocarbon saturation for the bypassed
reservoirs D1, D2 on average is 0.49. Though reservoir D2
will produce hydrocarbon alongside with water due to high
water saturation of 0.52.
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V. CONCLUSIONS

This research was able to evaluate depositional
environments, predict reservoir performance and improve
reservoir quality at mapped horizons in the wells from the
field by using well log data. The well log data analyses were
used to interpret and reconstruct the environment of
deposition in the field. The well log motif depicts a deltaic-
fluvial environment. The petrophysical analysis used to
characterize the reservoirs in terms of porosity,
permeability, and reservoir architecture units. From the
petrophysical results, the porosity, NTG, permeability cut-
off is poor to very good. The water saturation values in the
wells are not relatively too high in wells A, B, and C
indicating that major reservoirs A, B, C will produce
hydrocarbon without water.

RECOMMENDATIONS

I recommend integration of well logs, core data, seismic
data and a 4-D Study to identify new prospects in the study
area.
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TABLE II: PETROPHYSICAL RESULTS OF THE RESERVOIR IN THE FIELD

Conference. Nigerian Mining and Geoscience Society, Lagos, 1981,

RDeeSpetLV?riT:; Re;z%zi ' Thickness(m) NTG Vs @y K(md) S Sh
2235%50 A 135 087 016 030 290 039 061
22550&' B 13 067 018 020 162 043 057
22552397 C 8 057 020 015 100 048 052
22%‘;% D1 5 050 022 012 50 0495 050
22%11%' D2 4 049 024 010 48 052 048
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