Advances in Research

21(8): 28-42, 2020; Article no.AIR.58527
ISSN: 2348-0394, NLM ID: 101666096

Integration and Interpretation of Aeromagnetic, 3D
Seismic and Well Logs Data in Hydrocarbon
Exploration in Niger Delta Basin

Oluwatoyin O. Akinsete', Toyin Y. Abdulraheem', Salawu B. Naheem?
and Adebiyi S. Leke®

"Department of Petroleum Engineering, University of Ibadan, Ibadan, Nigeria.
’BS Geophysical and Consultancy Ltd., llorin, Nigeria.
3Department of Physical Sciences, Landmark University, Omu-Aran, Nigeria.

Authors’ contributions

This work was carried out in collaboration among all authors. Author OOA Project Administration,
wrote the protocol and wrote the first draft of the manuscript. Author TYA designed the study,
managed the analyses of the study and managed the literature searches. Author SBN interpreted the
high resolution aeromagnetic data. Authors SBN and ASL were instrumental in acquisition of the
aeromagnetic data from the Nigeria Geological Survey Agency. All authors read and approved the
final manuscript.

Article Information

DOI: 10.9734/AIR/2020/v21i830224

Editor(s):

(1) Dr. Ali Said Mohamed Al-Issa, Sultan Qaboos University, Sultanate of Oman.
Reviewers:

(1) Muhammad Aliyu Suleiman, King Khalid University, Saudi Arabia.

(2) Zeena N. Al-kateeb, University of Mosul, Iraqg.

Complete Peer review History: http://www.sdiarticle4.com/review-history/58527

Received 16 April 2020
Accepted 22 June 2020
Published 15 July 2020

Original Research Article

ABSTRACT

As the challenges associated with hydrocarbon exploration rises with upsurge in energy demand,
the need to minimize risk associated with hydrocarbon exploration if supply is to keep up with
demand.

In this work, high resolution aeromagnetic, 3D seismic and well-logs data were adopted and
integrated to aid in exploration and characterization of reservoirs in "XYZ" field in offshore Niger
Delta. Fast Fourier Transform Filter using Oasis Montaj software was applied to the Total Magnetic
Intensity grid in horizon and fault interpretation also used to produce subsurface structural maps for
sedimentary layer thickness estimation. Direct hydrocarbon indicators (bright spots) on the seismic
section was shown using seismic signal. Petrel software and wireline log signatures were used to
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identify hydrocarbon-bearing sands and determine petrophysical parameters such as porosity,

hydrocarbon saturation and net thickness.

The structural maps generated showed: Three major (synthetic) faults dips south and one minor
(antithetic) fault dips north in the field; three identified prospective sands (A, B, C) were delineated.
Possible presence of oil accumulation was indicated by the combined Neutron-Density log
response. The range of values of effective porosity, hydrocarbon saturation and net thickness were

18-22%, 34-58% and 19.1-28.1 m, respectively.

This study established that integration of magnetic, 3D seismic and well-log data are desirable
innovative techniques to better understand and analyze subsurface for hydrocarbon potential and

exploration.

Keywords: Aeromagnetic; fourier transform; petro-physics; seismic exploration; oil exploration.

NOMENCLATURES

HCIIP :Hydrocarbon initially in-place

A :Area extent of accumulation

h :Average thickness (or net pay) of the
reservoir

1) :Average effective porosity

N/G :net-to-gross

S, ‘Average water saturation

P.. -Matrix density

Py :Fluid density

2, :Bulk density read from log

n :Saturation exponent (usually near 2)

a :Empirical constant (usually near unity)

m :Cementation factor (usually near 2)

R, ‘Resistivity of formation water, {dm

R, :Resistivity of uninvaded formation, Qm

l,,  :Gamma-ray Index

GR,,, :Gamma-ray log of information of interest

GR,,, :Gamma-ray log reading in sand
formation

GR,,. :Gamma-ray log reading in shale
formation

R ‘Reflection coefficient

Z, :Acoustic impedance of layer above

Z, ‘Acoustic impedance of layer below

1. INTRODUCTION

Hydrocarbon resources have always been
important and essential natural resources to the
general economic development of different
countries in the world. There is need to sustain
the production of these resources, so as to
maintain and improve the general standard of
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living within these countries. Owning to the fact
that, there is high cost incurred in the exploration
of these vital resources, therefore it is very
important to achieve maximum perfection in its
detection and analysis for its quantification.
According to [1], since cost effectiveness is one
of the major challenging factors in the oil and gas
industry, hydrocarbon exploration, reservoir
interpretation and analysis should be thoroughly
subjected to the best available technology to
achieve the lowest level of uncertainty in its
exploration and production. Drilling of an oil well,
to maximize optimum production can be very
enormous and costly project to embark on,
coupled with the fact that there is rapid depletion
of hydrocarbon reserves. Hence, it is imperative
to exploit new development with innovative
techniques. Therefore, the integration and
interpretation of magnetic, seismic and well logs
data provides a better concept for exploration
and exploitation of hydrocarbon potential. Within
a selected area, magnetic information
complements seismic and well logs data in the
interpretation of basin basement structures and
understanding of geological features.

Aeromagnetic survey technique is a notable
geophysical method which has been used
effectively to investigate subsurface geology in
different capacity such as archeological,
geothermal, hydrocarbon and mineral studies.
Studies of aeromagnetic data with interest in
hydrocarbon exploration have been performed in
recent years [2,3]. The study that employed
aeromagnetic data of Muglad Basin in South
Sudan discovered magnetic anomalies which
clustered along a prospective structure and
coincided with the Jarayan oil field [2]. A major
advantage of aeromagnetic survey is the
accessibility to cover major inaccessible areas
that might prove expensive and slower to map
out. For hydrocarbon resources, the
aeromagnetic surveys are used at the initial




stages to map out and evaluate the thickness of
the sedimentary basin [4]. This is achievable by
analyzing and estimating the depths of the
magnetic sources (i.e. the magnetic basement
rocks causing the observed anomalies) within the
study area. Largely, this is subjected to the fact
that sedimentary rocks are non-magnetic for all
intents and purposes [5]. Therefore, any
magnetic variations observable at the surface are
more likely to be associated with the magnetic
sources from basement rocks. Nevertheless,
exceptions to this assumption are some iron
deposit, volcanic sequence, dykes and sills that
are concealed within the surface
sedimentary basin. In other to obtain qualitative
interpretation by proper visualization of the
subsurface geological structures, the data
acquired from the aeromagnetic surveys are
generally presented in gridded magnetic maps
[4,5].

Seismic data can be said to be the most widely
used tool in hydrocarbon reservoirs exploration
and production. Basically, it helps in proper
understanding and interpretation of the
subsurface geometry, structures and potential
hydrocarbon trappings [6-10]. Seismic
application involves the movement of signal
through the subsurface, by generation and
propagation of seismic waves. These generated
waves are sent down into the Earth’s formation
(subsurface) until they encounter discontinuity
(boundaries) and are reflected back to the
surface. Hence, these waves are recorded and
carefully interpreted for possible hydrocarbon
trapping within the subsurface [11,12]. In other to
better understand the subsurface, so as to
determine some important reservoir
petrophysical properties (i.e. water saturation,
porosity, permeability, volume of shale,
hydrocarbon saturation, etc.) and estimate the
hydrocarbon volume within the reservoir, several
vertical measured wireline logs against reservoir
depth, such as gamma ray, resistivity log, sonic
log, neutron log, etc., can be employed to
determine various reservoir physical properties of
rock units [11]. Analysis and integration of
seismic data together with well logs data can
effectively improve the accuracy of reservoir
characterization [10,13-16].

Hence, the required minimal level of uncertainty
needed in hydrocarbon exploration and
interpretation, gave rise to multidimensional
approach of combining geophysics, geology,
petrophysics,  reservoir  engineering  and
geostatistics for detailed reservoir evaluation
[17]. Therefore, in this present work magnetic
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data, 3D seismic data and a suite of borehole
geophysical well logs are utilized to reveal the
potential of combining these three methods for
the exploration and interpretation of the
hydrocarbon potential of an oil field in offshore,
Niger Delta with the objectives to: establish the
effectiveness of using magnetic data, seismic
data and well log data in hydrocarbon
exploration, reservoir characterization; generate
structural maps of the identified reservoir top;
delineate type of hydrocarbon traps from the
generated structural maps.

1.1 Location and Geological Setting

The field under consideration, identified as “XYZ”
for the purpose of this study, is an offshore oil
field located in the Niger Delta region, southern
part of Nigeria. The field is situated in the
western part offshore Niger Delta located
between latitude 4° 37' 11.78" N - 4° 37" 15.48" N
and longitude 6° 45' 39.23" E - 6° 50' 36.89" E.
Niger Delta is situated on the Gulf of Guinea in
the southern part of Nigeria (Fig. 1), it covers an
area between latitude 3°N and 6°N and
Longitude 4°E and 8°E. The Niger Delta basin is
bounded to east and west by the Calabar Flank
and Benin Flank respectively, the Gulf of Guinea
to the south and in the north by older
(Cretaceous) tectonic structures like Anambra
Basin, Abakiliki uplift and Afikpo Syncline. It has
a thickness of more than 10km that is composed
of overall regressive clastic sequence, and a
delta which prograde southwestward to form
major active depobelts. The Niger Delta is rated
amongst the productive hydrocarbon tertiary
deltas in the world and covers an area of 75,000
km? [18,19].

The Niger Delta province, which is predominantly
a sedimentary basin, has been identified to
consist of three broad major formations (Akata,
Agbada and the Benin formations) that extends
southwards deep into the ocean. The petroleum
system in Niger Delta is referred to as the
Tertiary Niger Delta (Akata-Agbada) Petroleum
System. The Akata formation which is the lower
part, consist of predominant under compacted,
over pressured thick shales, clays and siltstones
sequences with some turbidities sandstones,
while the Agbada formation which is made up of
intercalation of paralic sandstones and shales is
the transition zone, that represents the
hydrocarbon (i.e. oil and gas) reservoir of the
delta. It graded upward into massive continental
sandstones to form an overlain, thereby forming
the uppermost formation as the Benin formation
[1,20].
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Fig. 1. The geologic map of Nigeria showing the Niger Delta and location of the study area
(Source: Salawu et al. 2019)

2. MATERIALS AND METHODS

The materials used for this study includes; Total
magnetic intensity (TMI) anomaly map sheet
numbered 329 (Fig. 2a) was acquired from the
Nigerian Geological Survey Agency (NGSA),
Oasis Montaj software package. 3D stacked
depth migrated seismic sections comprising of
400 in-lines and 220 crosslines with a
coverage area of about 52.96 km2, base map of
the study area (Fig. 2b), check shot survey curve
and six spatially distributed well data, which
comprises of composite logs suites
including gamma ray, resistivity, sonic, neutron,
and density logs, Schlumberger's Petrel
software.

The survey was carried out along a sequence of
NW-SE flight lines with a spacing interval of 500
m, an altitude of 80 m and tie lines of nearly 2 km
interval. The International = Geomagnetic
Reference Field (IGRF) was used by NGSA to
remove the Regional field. In order to estimate
the thickness of the sedimentary layer which is
essential in hydrocarbon exploration, the two
dimensional power spectrum plot (Fig. 3) was
applied to the TMI grid, this filter was applied
using the commercially available Oasis Montaj
software package. We applied power spectrum
to the aeromagnetic data of the study area, in
other to estimate average depths to shallow and
deep magnetic sources [21].
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Interpretation of seismic sections and well log
data was done interactively in Petrel software,
with well to seismic tie, from where three (3)
sand units were mapped and evaluated by
generating various indicator maps such as time
and depth structural maps. The information is
useful in determining appropriate locations for
drilling exploratory, appraisal or development
wells within a prospect. The well logs which have
different records of physical borehole parameters
taken against depth were duly interpreted for
various petrophysical analysis and also utilized to
carry out litho-stratigraphic correlation across the
wells (Fig. 4), basically to help in the
establishment of distribution and behavior of the
lithological units of interest across different well
locations. They were also employed for easy
identification of porous and permeable
lithological units with saturated hydrocarbon,
which gives them the unique qualities that
separates them as hydrocarbon reservoirs. In
addition, the well log dataset was used to derive
reservoir parameters such as, reservoir
thickness, Net-to-Gross (NTG), volume of shale
(Vsh) in the clastic reservoirs, effective porosity
(Desr), hydrocarbon saturation (S;), which aids in
the evaluation of hydrocarbon potential of field
using equations (1-6).

HCIIP = Axhx ¢, xN/Gx(1-S,) (1)

Where:



¢ the total porosity is given as:

¢ — pma - pb (2)
pma - pf

Effective porosity obtained from equation (3)

by =9x(1-V,) (3)

Volume of shale ¥V, is given as:

7, =0.083(2*" o) _1) (4)
GRlog - GRmm

GR = ()

GRmax - GRmm
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In line with the aim of this work, the 3D seismic
reflection data which consist of both in-lines and
cross-line seismic sections were analyzed for
horizon mapping, structural interpretation and
attribute extraction, used to generate horizon
surfaces, structural frameworks, time and depth
structural maps. Relating the analyzed well data
to seismic data (and vice versa) handled in
vertical scale units. Well-to-seismic ties allow
well data measured in units of depth to be
compared to seismic data measured in units of
time by convolving the generated reflectivity
series derived from Zeoppritz reflectivity equation
(7) with a zero phase wavelet. This was done
with the aid of generated synthetic seismogram
(Fig. 5 and 6), which permits the basis for the
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Fig. 2(a). Total Magnetic Intensity (TMI) anomaly map of the study area
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Fig. 2. (b). Base map of the study area showing the spatial distribution of wells within the seismic grid
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Fig. 3. Averaged power spectrum plot of the aeromagnetic data of the study area

horizon mapping and interpretation across the
seismic cube. Mapping of seismic volume
horizons involves the continuous outward tracing
of the picked horizon across the seismic cube (at
every 10th in-line and cross-line sections) from
the seed points using the guided auto-tracking,
2D or 3D seeded auto-tracking tool provided by
Petrel interpretation software (Fig. 7).

R_Zz _Zl

= 7

Z,+7, ")
Three horizons were carefully traced out within
the interpretation window and measured in
seismic time (two-way time). Each was totally
mapped across the in-line and cross-lines to
generate horizon surface maps that indicate the
spatial distribution of hydrocarbon formation
within the subsurface. Time structural maps were
generated for each of the mapped horizons, from

the derived horizon surface maps by making use
of the fault polygons of delineated major faults.
Afterwards, the time maps were converted to
depth structural maps with the time-depth
relationship by using the velocity function
generated with the aid of sonic check-shot data.
Both the time and depth maps were then
compared for any inconsistency [10,22]. Finally,
a series of surface and volume seismic attribute
was run and extracted from the 3D seismic data
provided using the Schlumberger's Petrel
software. According to [19], extraction of seismic
attributes from seismic data can bring to fore new
information and insights into stratigraphic and
structural interpretations. The deliverables from
seismic attributes extraction and analysis will
help greatly in reducing exploration and
developmental risk, which helps us to better
visualize or quantify features of interpretation
interest.

Fig. 4. Wells correlation panel showing lithological correlation from NW-SE showing sands A,
B and C tops and bases, flatten on reservoir C top
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Fig. 5. Well to seismic tie section from well 4
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resistivity log, lithology log, acoustic
impedance (Al), reflection coefficient (RC),
seismic volume of “XYZ” field and the
synthetic generated

176000 480000 i 184000
- L 1 L

[apped horizons with picked faults|

T
A7E000

Akinsete et al.; AIR, 21(8): 28-42, 2020; Article no.AIR.58527

-600—

-800-

-1000—

Synthetic seismogram over
Sthe seismic section on inlin

-1200-

-1400-|

Fig. 6. Overlay of synthetic seismogram
generated, within the seismic section on
inline 5970

Tine 1509

Line 152)
L 6190 6190 6190 6190 6190 5190
(N 1700 1660 1620 1881 1541 1501

e £ A

-1800~

-2000~

2200~

-2400-

-2600—
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section of the mapped horizons and delineated faults (b) 2D seismic section of the horizons
sand tops and delineated faults

3. RESULTS AND DISCUSSION
3.1 Magnetic Data Interpretation

The Total Aeromagnetic Intensity (TMI) anomaly
map (Fig. 2a) showed negative and positive
magnetic amplitude values between -24.9 nT and
90.0 nT. The studied area is located at non-polar
and non-equatorial region; therefore, magnetic
sources would be characterized by low magnetic
anomalies instead of high magnetic anomalies.
Although, the TMI anomaly map is generally
occupied with E-trending positive anomalies, the
central-eastern portion of the map reveals low
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negative anomalies with amplitude values -24.9
to -0.9 nT. This is possibly due basement uplifts
or intrusive structural features under the
sediments with Niger Delta Basin.

The depth to magnetic basement information
which can be utilized as proxy for overburden
thickness of the region under study, are acquired
from the estimated radial averaged power
spectrum of the total aeromagnetic anomaly
data. The power spectrum plot (Fig. 3) revealed
essentially three components: the regional,
residual and the noise signals. While the depth
estimate chart (Fig. 3) provides estimated



average depths information of the regional and
residual sources within the region. From the
depth chart, top of regional sources is
approximately 7 km and residual is
approximately 0.5 km. Hence, the average
thickness of the sedimentary pile within the
region is highly favorable for hydrocarbon
maturation, on condition that all other parameters
for hydrocarbon accumulation are favorable,
including average temperature gradient of 1°C
for 30m.

3.2 Seismic Interpretation

The generated synthetic seismogram (Figs. 5
and 6) used to identify the events that marks the
top of sandstone and fault interpretations were
carried out for  subsurface structural
interpretation. In all, three sands (A, B and C)
were mapped on seismic sections over the entire
field. The seismic cube indicated the presence of
a total of five faults (Fig. 8a and 8b) - three major
faults F1, F2 and F4 which are synthetic faults
dipping basin ward that runs from the northwest
to the southeastern (Fig. 8a), southern portion
and the north eastern portion of the field
respectively. They are structural building faults
typical of the Niger Delta extensional zone. And
two minor faults F3 and F5 are antithetic fault
dipping landward located at the southwest part of
the field (Fig. 8a and 8b). There are growth faults
and these gives rise to fault assisted structure
i.e. rollover anticline. The delineated faults were
further confirmed with the Ant-Tracking volume
attribute extracted on each of the reservoirs sand
(Figs. 11, 14 and 17). The time and depth
structural maps generated indicated the
presence of a major closure in all the sands, all
falling on the same position along the vertical
axis in the center of the field. Although, more
closures are visible, but not identified because
they are outside the region of the drilled
exploratory wells. The principal hydrocarbon
entrapment in the field were identified and
located at the center of the field which probably
corresponded to the crest of the roll over
structure observed on the seismic sections. This
was observed as fault assisted closures on the
time structure map of the sand (Fig. 9, 12 and
15). Maximum magnitude (surface) and
Envelope (volume) attributes maps were used to
confirm the presence and position of
hydrocarbon accumulation in these sands.

3.3 Petrophysical Analysis

The petrophysical parameters obtained from the
delineated reservoir sands (Fig. 4) are shown in
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Table 1. It could be observed in sand A that the
average effective porosity is 0.18. Water
saturation of average value of 0.55 is fairly high
while the average hydrocarbon saturation is 0.45,
which is a good value for hydrocarbon
accumulation. From Table 2, sand A has its
maximum thickness at 85.73ft (26.13m) and
minimum thickness at 49.54ft (15.10m), with an
average of 72.10ft (21.97m) across the wells. In
sand B, the average effective porosity is 0.22.
Water saturation is high with an average value of
0.66 and the average hydrocarbon saturation is
0.34. The sand has its maximum thickness at
93.01ft (28.35m) and minimum at 45.08ft
(13.74m), and an average of 62.57ft (19.07m)
across the entire wells. For sand C, the average
effective porosity was 0.19 while average
hydrocarbon saturation was 0.58 and relatively
moderate average water saturation of 0.42. In
this sand, the maximum thickness is at 109.78ft
(33.46m) and minimum at 69.09ft
(21.06m) and an average of 92.32ft (28.14m)
across the wells.

3.4 Interpretation for Sand A

The time structural map of sand A (Fig. 9a),
structural highs are observed in the northeast
and in the center of the field while structural lows
are observed in the southwest. The depth
structural map of Sand A (Fig. 9b) has its
deepest part at a depth of 3288.91m (10790.39ft)
whiles its shallowest depth at 2855.66m
(9368.96ft). Using this information, it can be seen
that the crest of the roll over structure (structural
high), antithetic fault, F3 and growth fault, F1 act
as good traps for the hydrocarbon accumulations
in the sand at the center of the field. Most of the
faults in the field served as support to the
hydrocarbon trapping mechanism i.e. fault
assisted closures and rollover anticlines. The
maximum magnitude (surface) and envelope
(volume) attributes (Figs. 10a and 10b) showed
high amplitude anomaly i.e. direct hydrocarbon
indicator (DHI) within the closure which gives
strong evidence of presence of hydrocarbon
within the sand. From the petrophysical analysis
the reservoir has its maximum thickness of
26.13m (85.73ft) and minimum thickness of
15.10m (49.54ft) and an average of 21.97m
(72.08ft) across the wells. Sand A is a
probable prospect zone for hydrocarbon
production as shown the maximum
magnitude attribute (Fig. 10a). The high
amplitude anomaly (DHI) within the closure gives
strong evidence of presence of hydrocarbon
within the sand.

in



Table 1. Petrophysical result for the sands
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Reservoir Neutron-Density Hydrocarbon type Average water Average Average Average Average net-

logs response saturation hydrocarbon effective volume of to-gross
(Sw) saturation (Sy,) porosity shale (NTG)
(geff) (Vsh)

Sand A Intermediate Oil 0.55 0.45 0.18 0.20 0.80
neutron-low density

Sand B Intermediate Oil 0.66 0.34 0.22 0.23 0.77
neutron-low density

Sand C Intermediate Oil 0.42 0.58 0.19 0.52 0.48

neutron-low density
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3.5 Interpretation for Sand B

Sand B has its deepest part at a depth of
3688.17m (12100.30ft) while its shallowest depth
at 3143.80m (10314.30ft) according to the depth
maps (Fig. 11b). Similar events occurred in these
sands, from the time structural map of sand B
(Fig. 11a), structural highs are observed in the
northeast and in the center of the field while
structural lows are observed in the southwest.
Using this information, it can be seen that the
crest of the roll over structure (structural high),
antithetic fault, F3 and growth fault, F1 act as
good traps for the hydrocarbon accumulations in
the sand at the center of the field. Most of the
faults in the field served as support to the
hydrocarbon trapping mechanism i.e. fault
assisted closures and rollover anticlines. The
maximum magnitude (surface) and envelope
(volume) attributes (Fig. 12a and 12b) shows
high amplitude anomaly i.e. direct hydrocarbon
indicator (DHI) within the closure which gives
strong evidence of presence of hydrocarbon
within the sand. Also, from the petrophysical
analysis the reservoir has its maximum thickness
of 28.35m (93.01ft) and minimum thickness of
13.74m (45.08ft) and an average of 19.07m
(62.57ft) across the wells. Sand B is a probable
prospect zone for hydrocarbon production as
shown in the maximum magnitude (surface)
attribute (Fig. 12a).
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3.6 Interpretation for Sand C

Sand C has its deepest part at a depth of
3909.52m (12826.51ft) while its shallowest depth
at 3223.32m (10575.20ft) according to the depth
maps (Fig. 13b). Similar events occurred in these
sands, from the time structural map of sand C
(Fig. 13a), structural highs are observed in the
northeast and in the center of the field while
structural lows are observed in the southwest.
Using this information, it can be seen that the
crest of the roll over structure (structural high),
antithetic fault, F3 and growth fault, F1 act as
good traps for the hydrocarbon accumulations in
the sand at the center of the field. Most of the
faults in the field served as support to the
hydrocarbon trapping mechanism i.e. fault
assisted closures and rollover anticlines. The
maximum magnitude (surface) and envelope
(volume) attributes (Fig. 14a and 14b) showed
high amplitude anomaly (DHI) within the closure
which gives strong evidence of presence of
hydrocarbon within the sand. From the
petrophysical analysis, the reservoir has its
maximum thickness of 33.46m (109.78ft) and
minimum thickness of 21.06m (69.09ft) and an
average of 28.14m (92.32ft) across the wells.
Sand C is a probable prospect zone for
hydrocarbon production as shown in the
maximum magnitude (surface) attribute (Fig.
14a).

re—
ssSand B top = .
A

Fig. 8. (a) Typical 2D interpretation seismic section on inline 6190 showing picked horizons of
sand tops and delineated synthetic and antithetic faults; F1, F2, F4 and F5
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Fig. 8. (b) Typical 2D interpretation seismic section on inline 5910 showing picked horizons of
sand tops and delineated synthetic and antithetic faults; F1, F2 and F3

Table 2. Stratigraphic thickness of the sand units against well

Well Sand A Thickness Sand B Thickness Sand C Thickness
(meters) (meters) (meters) (meters) (meters) (meters)

Well 1 Top 2855.66 25.08 3161.56 14.62 3353.55 29.85
Base 2880.74 3176.18 3383.40

Well 2 Top 2863.12 22.69 3143.80 13.74 3223.32 31.66
Base 2885.81 3157.54 3254.98

Well 3 Top 2982.94 18.52 3360.00 28.35 3571.00 28.96
Base 3001.46 3388.35 3599.96

Well 4 Top 2873.60 15.10 3176.17 14.67 3349.86 21.06
Base 2888.70 3190.84 3370.92

Well 5 Top 291232 26.13 3205.80 15.56 3312.56 33.46
Base 2938.45 3221.36 3346.02

Well 6 Top 3264.64 24.27 3660.67 27.50 3885.68 23.84
Base 3288.91 3688.17 3909.52

Average 21.97 19.07 28.14

Thickness

Fig. 9. (a) Time structural map of sand a with Fig. 9. (b) Depth structural map of sand a
interpreted faults with interpreted faults
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4. CONCLUSION

In this study, aeromagnetic data, seismic data
and well logs data are effectively integrated as a
viable and an innovative technique in
hydrocarbon interpretation analysis  which
provides a better concept of understanding the
subsurface for hydrocarbon potential and in
accurate delineation of reservoir blocks in the
study area. The two dimensional power spectrum
plots were applied on the total aeromagnetic
intensity (TMI) anomaly map of the area under
study, which was able to give an average
estimated depth thickness of the sedimentary
pile within the region to be highly favorable for
hydrocarbon maturation. Within the scope of this
work, it was established that the trapping
mechanisms in the field of study are fault
assisted and rollover anticline. The petrophysical
properties of ‘XYZ” field also reflects the ability of
the formation to store and produce hydrocarbon.
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Three sandstone reservoirs prospects (sands A,
B and C) were identified and interpreted to be
hydrocarbon bearing sand and correlated across
the field using 3-D seismic and well logs data in
the Niger Delta basin. Subsequently, good tie
was obtained for well-to-seismic data and
structural traps were identified from the closures
on the Time and Depth structural maps
generated for the sand tops. The depth
converted structural maps correlated with the
time structural maps within the closure and
various seismic signals attributes generated,
which indicated large extent of bright spots
(Direct Hydrocarbon Indicator) in the closure of
sands A, B and C. The obtained results from this
work will help shed more light into the structural
framework of the study area and further assist
greatly in delineation of hydrocarbon leads and
prospects which subsequently help to reduce
exploration and developmental risk, and also
provide needful information that would guarantee



the best effective hydrocarbon production plan
from the delineated reservoir compartments.
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