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ABSTRACT

This study evaluates the characteristics of the G-field reservoirs using Amplitude-Versus-Offset
(AVO) analysis and seismic inversion. Well log data were obtained from four deviated wells G-14,
G-15, G-16, and G-17, and reservoirs were delineated using a combination of gamma and resistivity
logs. The suitable well logs were used for the modeling of AVO and its analysis. A Post-stack 3D
seismic data volume that covers an area of 266.68 km? within which the four available wells are
situated, was also utilized. Well correlation and seismic-to-well tie was done to facilitate horizon
mapping on the seismic data and seismic volume was then inverted to give an impedance volume
using model-based algorithm and other interesting parameters, using a neural network inversion
algorithm. AVO analysis results using G-14 show a small negative intercept with subsequently
higher amplitudes as the offset increases demonstrating a Class Il AVO anomaly. The data slices of
the extracted acoustic impedance, Mu—Rho, and Lambda—Rho volumes for the model-based
inversion shows low values for hydrocarbon reservoir sand, especially around the producing wells,
and high values for non-reservoir sand for both acoustic impedance and Lambda—Rho which is
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consistent with fluid determination while it was medium to high values around well locations
indicating hydrocarbon bearing sand for both Mu—Rho and shear impedance. The data slices of
Vp/Vs, water saturation, and porosity shows that the four wells are located in areas with low Vp /Vg
and water saturation with very high porosity values indicating the presence of hydrocarbon.

Keywords: AVO; inversion; model-based; neural network.

1. INTRODUCTION

Techniques on reservoir characterization using
seismic amplitudes have been published over the
years, including works on seismic attribute
analysis and amplitude variations with offset
(AVO). Bright spots also known as large
reflection amplitudes were acknowledged in the
early 1970s as potential hydrocarbon indicators
[1,2].

Reservoir characterization refers to all the
relevant data that is essential to describing a
reservoir's ability to produce and store
hydrocarbons [3]. This entails understanding the
reservoir's overall architecture, the fluid flow
within the reservoir, as well as its internal and
external geometry, and its model with the
reservoir properties distribution [3]. Such
information aids in the prediction of future
reservoir performance, rejuvenation of oil fields,
the production rates improvement, and reduction
of cost expenditure, and helps to develop
accurate financial models for oil companies
management. Considered a crucial phase
between the discovery of oil and gas fields and
the reservoir management phase, to compile all
the above-mentioned information, it integrates
the technical disciplines of reservoir engineering
economics and data management geophysics,
geology, and petro-physics [3]. The success of
the reservoir characterization is determined by
how well the above disciplines are integrated, a
subtle goal in some cases, with the success of
each varying project [4].

Seismic inversion is the extraction of the
underlying geology from seismic data [5]. For this
to be achieved, impedance, which is an interval
attribute for estimating properties such as
porosity, is derived from seismic data.
Geoscientists have used this method as a critical
tool in depleting the risks associated with oil and
gas exploration, development, and production. Its
primary applications are in petro-physical studies
and reservoir characterization because layer
information is extended around the seismic
volume at well locations, leading to true
subsurface geology delineation. It is also used in
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converting a noisy, seismic trace into sonic and
density logs. The inverse of transforming these
two logs into a synthetic [6] helps remove
anomalies of wavelets and then estimates a
better resolution for reservoir properties. The
goal of seismic inversion is executed with the aim
of determining the contrasts between rock
properties such as  compressional-wave
velocities, shear wave velocities, and densities.
The observed variation of the amplitudes of the
reflected waves with the angle of incidence can
be used to evaluate these contrasts. It is vital to
construct the inputs for the inversion workflow in
an optimized manner in order to perform seismic
inversion [7].

“The AVO (amplitude variation with offset)
technique evaluates changes in seismic
reflection amplitude with alterations in distance
between shot points and receivers. With AVO
analysis Geophysicists can evaluate reservoir
rock properties such as lithology, fluid content,
porosity, and density better with greater
accuracy” [8]. “AVO analysis today is commonly
used in lithology identification, fluid parameter
analysis and hydrocarbon detection because
variations in physical properties just above and
below the boundaries affect seismic amplitudes.
AVO analysis in theory and practice is
increasingly captivating due to the growing
number of theories and techniques in seismic
data acquisition, processing and interpretation
that have been developed, updated, and
employed” [8].

Seismic impedance inversion in addition to AVO
is another technique for lithofacies identification.
Due to a study that found gas-sand-capped shale
to have an amplitude variation with offset in pre-
stack seismic data [9], AVO became a
commercial tool for hydrocarbon prediction
[10,11]. In many regions, amplitude variation
with offset (AVO) analysis has been widely used
to predict fluid and lithology [9,12]. All offset-
dependent amplitude effects, except the
reflection coefficient, are assumed to be
corrected in traditional AVO inversion. Aside,
from the lithology identification, another effective
area of research centers on the application of
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amplitude information in tomographic inversion to
ascertain elastic properties and subsurface
structure [13,14]

For direct hydrocarbon identification (DHI), [15]
employed Amplitude versus Angle (AVA)
techniques and Pre-Stack seismic inversion to
better comprehend and reduce the risk of
hydrocarbon prospecting. A wedge model's
inverted seismic response and its correlation with
real seismic proved useful for detecting
hydrocarbons in saturated zones. As a result,
AVA effects on angle gathers provided basic
information on the lithology and pore fill contents
of the rocks being studied. AVA modeling,
together with fluid substitution and rock physics,
increased the comprehension of the observed
seismic response and provided a sophisticated
tool for hydrocarbon prospect de-risking [15].

Rock physics with impedance techniques and
AVO reflectivity was employed by [16] as an
integrated method to delineate and characterize
lithology and fluid effects, as well as map the
seismic signature in a soft sandstone reservoir in
offshore Niger Delta and it was concluded that P-
impedance, Poisson's ratio, and rock physics
relations are highly effective in discriminating gas
sands and their generated cross-plots points
clusters separated from the background trend.
Furthermore, the integration of rock physics

principles to reduce seismic
ambiguities/complexities has  become an
important technique in quantitative seismic

interpretation in recent past decades [17,18,19].

Reservoir characterization was carried out for
hydrocarbon detection using Amplitude Variation
with Angles constrained by localized rock physics
template on a poorly compacted sandstone
reservoir of the ‘Jay’ Field [19]. “Different seismic
amplitude reflections from the field reservoirs
were investigated to determine the effect of fluids

and lithologies on the observed seismic
amplitudes for possible hydrocarbon
identification away from the well location.

Amplitude variation with angles (AVA) and rock
physics techniques was used to analyze
amplitude responses from sandstone reservoirs
and was extracted from the near and far partial
angle stacks to identify changes in amplitudes
with angles” [19]. “Thereafter, Rock Property
Template (RPT) analyses were used to
determine the influence of the reservoir
properties on seismic responses. The good logs
result revealed that three of the seven identified
reservoirs (Sands A, B, and C) were brine
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saturated, Sand D is oil while Sands E, F, and G
are gas bearing [19]. The result of the changes in
seismic amplitudes from near to far angles
around the Well location shows that the gas
reservoirs produce different AVOs that
correspond to Classes Il, 1ll, and IV respectively,
and the established well log RPT supports AVA
results of gas presence in the identified area
away from the well location. This helps to reduce
the risk associated with seismic amplitude
ambiguities and enhanced the certainty of gas
present at the location away from the good log
information” [19].

Previous work [20] investigated the unrelated

seismic amplitude responses detected in
sandstone reservoirs with the same fluid
saturation in their article “Reservoir Fluid

Determination from Angle Stacked Seismic
Volumes in 'Jay' Field, Niger Delta, Nigeria.".
Their report aided in demonstrating the
perceptive implications of the distinctive
amplitudes reflected from hydrocarbon reservoirs
and identified probable gas accumulation
locations in the '‘Jay' Field using angle-stacked
seismic volume. They concluded that the
integration of Lambda-Mu-Rho, AVA, and Elastic
impedance inversions aids the detection of the
presence of gas in the identified area away from
the well location [20]. Within the "XY" field
offshore the Niger Delta, [21] used AVO
inversion to delineate the presence of gas
reservoirs within the field of study. They reported
that while the inverted results and cross-plots of
good data were able to delineate the gas
reservoirs, the AVO inversion analysis method
was a better seismic interpreter to understand
the physical properties of the zone of interest; as
the conventional AVO inversion analysis was
unable to distinguish the gas reservoirs because
there are other zones with similar signatures [21].

“The integration of AVO reflectivity and rock
physics was used to characterize lithologies and
fluid effects in soft sandstone reservoir, deep
water offshore block of the Agbada Formation,
Niger Delta Basin” [16,19]. “The study revealed
Class IV AVO gas sand in the deep-water block
to support the effectiveness of integrating
relevant methods for soft gas sand discrimination
in the deep offshore field. The amplitude
variation with offset signatures and seismic fluid
sensitivities at a determined depth of burial was
predicted by the combination of the burial history
and rock-physics modeling of sand and shale”
[19,22]. AVO attributes were applied in facies
and hydrocarbon prediction [19,23] and also to



Oguka et al.;Asian J. Geol. Res.,vol. 6, no. 1, pp. 37-57, 2023; Article no.AJOGER.97884

discriminate between different seismic responses
[19,24]. [25] established an important relationship
between reservoir parameters such as porosity
and clay content and seismic responses [19].
Meanwhile, [26] used Biot-Gassmann fluid
substitution, AVO, and cross plot model
techniques to evaluate the physics of reservoir
rocks by investigating the sensitivity of some
basic rock properties for hydrocarbon exploration
in the Niger Delta field and the study showed that
the reservoir sand produced Class IV AVO
response and 5% gas presence in the reservoir
resulted to the significant change in the rock
properties [19].

This study is aimed at evaluating the reservoir
characteristics through seismic AVO analysis
and inversion by examining and delineating
hydrocarbon-bearing reservoirs and Integrating
AVO analysis and seismic inversion for reservoir
characterization.

1.1 Location of the Study Area

The study area is an oil field is located within the
onshore, south-western part of the coastal
swamp depobelt region of the Niger Delta, within
latitude 3°N and 6°N and longitude 5°E and 8°E

(Fig. 1).
1.2 Geology of the Study Area

The onshore portion of the Niger Delta Province
is characterized by the geology of southwestern
Cameroon and southern Nigeria, which is
bounded in the north by the Benin flank-an east-
northeast trending hinge line that extends south
of the West Africa Basement massif [28]. The
Cretaceous on the Abakiliki High is defined to the
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north-east by outcrops and to the east-south-east
by the Calabar flank-a hinge line bordering the
adjacent Precambrian basement (Fig. 2),
extending from longitudes 3°E—9°E and latitudes
4° 30'N-5° 20'N [28,29]. The Niger Delta,
situated in the Gulf of Guinea of West Africa and
extends throughout the Niger Delta Province,
contains the Tertiary Niger Delta Petroleum
System [28,29,30].

According to [29] from the Eocene to the present,
the delta has formed depobelts that represent the
most active portion at each development stage
pro-grading south-westward [32]. With an area of
about 300,000 km? [33], a sediment thickness of
over 10 km in the basin depo-center [34], and
sediment volume of 500,000 km® [35] these
deposits form one of the largest regressive deltas
in the world [33].

The Niger Delta basin is subdivided into Paralic
Agbada, the Marine Akata shale, and continental
Benin sand (freshwater). Hydrocarbon reservoirs
are most commonly found in the Agbada
formation where the in situ connate brine has
been superseded by the hydrocarbons [29]. This
hydrocarbon zone is made up of thousands of
individual reservoirs, the majority of which are
sandstone pockets, trapped within oil-rich shale
strata [29]. The reservoir rocks are sand
intercalations, while the hydrocarbon source
rocks are organic matter-rich shale [29]. The
lithologic identification in the Agbada formation of
the Niger Delta is primarily shale or sand, and as
such, suggests that AVO analysis would be
better suited to predicting the fluid type in
reservoirs [29].

Gulf of Guinea

3¢

6°

Fig. 1. Location of the study area (G—field highlighted by the blue hashed square) [27]
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Fig. 2. Niger Delta map showing the main sedimentary basins and tectonic features [31]

1.3 Amplitude versus Offset (AVO)

The AVO (amplitude variation with offset)

technique evaluates changes in seismic
reflection amplitude with alterations in distance
between shot points and receivers.

Geophysicists use AVO analysis to better
evaluate reservoir rock properties such as
lithology, fluid content, porosity, and density [36].
AVO theory uses the reflection amplitudes of
seismic gathers to explain the relationship
between the rock's elastic properties and the
prediction of the pore fluid effect. The theory was
developed based on the splitting by adjacent
elastic media of dissimilar elastic properties at
boundaries caused by seismic  energy
segregation. When a seismic wave strikes a
boundary part, energy is converted to reflected
and transmitted energy. The amplitudes of the
reflected and transmitted energy are determined
by the physical properties across the boundary
and the difference in the incidence angle of the
original ray [37]. The major elastic or physical
properties here are the compressional wave
velocity (Vp), shear wave velocity (Vs), and
density (p). The impact of rock pore fluids and
petro-physical properties on these elastic
parameters makes AVO analysis an effective
tool in delineating lithology and pore fluid
types [38].
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Rutherford and Williams'’s classification of the
reflection coefficient curves has become the
industry standard and it is associated
respectively with bright spot, phase reversal, and
dim out classified in the 1970s [39]. [39]
proposed the first AVO classification for gas
sands based on the normal incidence P-wave
reflection coefficient, which was expanded by
[11]. Fig. 3 shows the general classification with
the addition of a “flat spot” curve, representing
typical hydrocarbon-water contacts.

The classification was developed for reflections

from hydrocarbon-saturated formations.
According to Rutherford and Williams's
classification, the slope of the reflection

coefficient curve is negative for all classes [39].
The amplitude of reflection decreases with the
incidence angle. When high-impedance sand lies
beneath a lower-impedance shale layer, Class |
reflections occur. The zero offset reflection
coefficient (and thus the intercept) is positive; in
general, the amplitude decreases with an
increasing angle of incidence. However, the
absolute amplitude can increase with the angle
of incidence as depicted for Class Il and Il AVO
gas-saturated anomalies. The impedance
observed in Class Il is quite small and very small
positive reflection coefficients are usually noticed
at the reservoir top, which then converts to a



Oguka et al.;Asian J. Geol. Res.,vol. 6, no. 1, pp. 37-57, 2023; Article no.AJOGER.97884

negative value at far offsets [11,39]. This type is
referred to as "Phase or Polarity Reversals".
Class 1l is made of near-zero reservoirs. They
can be described as both weak positive (Class
llp) or negative (Class IlI) intercept gradients.
Because of the phase reversal inherent in this
response, [40] proposed in 1995 that the small
positive Class-Il response be referred to as
Class-lIp (Fig. 4).

In Class lll, negative reflection is observed at the
top of the reservoir. As the angle of incidence
increases, the amplitudes become more
negative. This is referred to as “Bright Spots”. In
this situation, polarity change does not occur.
Class Il reflections occur when low-impedance
sand is underlined by higher-impedance shale.
The zero offset reflection coefficient is negative

Reflection coefficient

10

15
Incident angle (%)

and the intercept and gradient are both strongly
negative; the negative amplitudes increase in
size with increasing angle of incidence [37].
Certain Class Il gas-saturated anomalies can
have slowly decreasing amplitudes with offset
[11]. These were named Class IV AVO
anomalies. However, the large amplitude
associated with the hydrocarbons remains the
primary diagnostic feature for Class IV
anomalies.

Class 4 has a lower impedance with an
amplitude that is declining against the offset and
negative reflection coefficient at zero offsets, it is
the only anomaly with a positive gradient. There
is a polarity change at a certain angle and
increasing amplitude proportionally to the offset
[10].

20 25

Fig. 3. The four AVO classes and the flat spot curve defined by [11,39]

R0

High - Impagence Sands

Class 1

1) (deq)

Class 3

| Menatius Hioh- Imnedance Sands

Fig. 4. Anomaly amplitude classification showing the two types of Class 2 AVO [10,39]
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2. MATERIALS AND METHODS

The data set for this work included a suite of well
logs (containing well deviation and log data, well
header and check shots) obtained from four
deviated wells; G-14, G-15, G-16, and G-17. The
composite logs are shown in Figs. 5 — 8. Table 1
shows the unit and symbols of the various logs,
while the well header information is given in
Table 2. Also, a 3D post-stack seismic data in
SEG-Y format (processed seismic data) gathered
from east-west located receivers with the angle
of 90(0 at Crossline direction +90) containing
961 inlines and 444 crosslines covering an area
of 266.67km?, within which the 4 available wells
are situated. Fig. 9 shows the base map of the
seismic field. The data were acquired from G-
Field located in the onshore Niger-Delta.
Hampson Russell (HR) software suite was used
for the data processing, well log data loading and
cross-plot analysis, hence the well logs including
log headers are in LAS formats. The inversion is
also performed using Strata package from
Hampson-Russell software.

The seismic data utilized in this study is a post
stacked 3D seismic data volume acquired in the
Niger Delta. The seismic data covers an area of
approximately 266.68km? within which the 4
available wells are situated. Fig. 8 shows the
base map of the seismic field. The data contains
961 inlines and 444 crosslines with 25ft spacing
between each. The quality of the data is fair
within the range of interest except its cut off 1999
on the Inline and 11990 on the Crossline.

To achieve the main objective of this study,
several processes and techniques were
implemented these include:- Quality check, Well
log interpretation, Well correlation, AVO
modeling and analysis, seismic to well tie,
seismic horizon picking, seismic inversion and
reservoir evaluation using seismic attributes.

2.1 Quality Control (QC)

The available data were assessed to ascertain
their quality and thus their suitability for this
study. For the well data, it was observed that all
the wells contain the basic logs required for
reservoir evaluation except for of G-17 which did
not contain the compressional sonic log and
checkshot as such it was not used for most of the
analysis. The inconsistency in results obtained
from seismic data (in time units) and well log
data (in depth wunit) was balanced using
checkshot data. Detailed information of logs
available in each log suite for each of the wells is
given in Table 3. For the seismic data, we
observed it was of the same field as the wells,
the quality was good and showed the events
clearly to allow for reliable mapping and
interpretation.

2.2 Well Correlation

Well correlation was carried out in a bid to
identify the specific hydrocarbon bearing sands
and this was done with the integration of Gamma
Ray, Resistivity, Neutron and Density logs. Three
hydrocarbon bearing reservoirs were identified
and correlated in the four wells (G-14, G-15, G-
16 and G-17) (Fig. 10).

G-14
(x=464338.33m, y=137506. 56m) Elevation: kb=16m, surface=0m, SRD: Om (same as surface)

Neutron Porosity
0.6 %
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1 T
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90 12 in 29 o ms (Two W 1200
|y . i
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1350 —

1400 —|
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Fig. 5. Typical log section displays of raw log suite for G-14
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G-15
(x=465271.08m, y=139288. 11m) Elevation: kb=20m, surface=0m, SRD: Om (same as surface)

Meutron Porosity_1
.6 v,:v 0|
Gamma Ray_1 Resistivity_1 =Density_1 Caliper_1 Check Shot P-wave_1 TVD (m)
Time (ms) APT 150| L1 ﬂhﬂ;\-f? 100 1.5 g;‘lctt:y 3 m:'n 16, ms. fl'llnmw 1200| 11000 m‘fs 6000; g;r'[‘aoa
um: ﬁti:% ‘;'m g %’" L
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3 =] é—— _—zmo
1270 = P L
220 <2 £ éz- s
Track T-Efi Track 2 Track 3 Track 4 Track 5 T:(T( 6
Fig. 6. Typical log section displays of raw log suite for G-15
Table 1. Different types of logs included their acronyms and units of measure
Acronym Units Types of well
GR API Gamma Ray
SP Mv Spontaneous Potential
DT ps/ft Compressional Sonic
RHOB g/c’ Bulk Density
CAL Inches Caliper
NPHI viv Neutron porosity
CSs Ms Checkshot
RT Ohm-m True Resistivity
Table 2. Seismic data header information for the wells
Well name Unit X-location Y-location Inline Xline CDP
G-14 M 464338.33 137506.56 11498 1864 114660
G-15 M 466271.08 139288.11 11575 1935 148919
G-16 M 466266.32 139283.72 11575 1935 148919
G-17 M 468376.88 140677.54 11660 1991 186715
(x=466266.32m, y=139283.72m) Elevation: ldf_:lzﬁoan, surface=0m, SRD: Om (same as surface)
lgleutron‘zr:msity_l
ime () 1 e ?ELI 150, (L5 meg"flé? - 3 o1 Reiifrl."fn” w0 30 S;FI 20 En:e?r;usoh\:tt 1200, 1000 pw;;: - 6000 E%ir:
] | -
it > C
=] THeL % | { E
L7 ‘? 5 g 2230
1Rl } |
B b5 47 1 T
5 % [ l L :
4 i. 44 N 2250
] } sl i UL || o
1 % En ]
1360 (C} ‘gE— L Z L 2270
Track; Track 3 Track 4 Track 5 Track & Track 7

Fig. 7. Typical log section displays of raw log suite for G-16
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(x=468376.,88m, y=140677.54m) Elevation: kb=18m, surface=0m, SRD: Om (same as surface)
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Fig. 8. Typical log section displays of raw log suite for G-17
g &
E 5 I~
5 ]
b KL:2200 ¥ 2200
o
=8
£
T XG-17
s G-16
g_
bt} G-15
T w0 614
1 KL:1757 - ¥L:1757
1 = =
%_ g 0 1:141097 E 7000 m
[ L B L — T T T T T T T T T T LA R e S B T T 1
455000 461000 467000 473000 479000 4850

Fig. 9. Base Map of study area
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Fig. 10. Well correlation depicting the different lithologies
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Table 3. Suite of Logs in each Well (Y=YES, N=NO)

Wells Available Logs

GR RT RHOB NPHI DT CALI SP CS
G-14 Y Y Y Y Y Y Y Y
G-15 Y Y Y Y Y Y Y Y
G-16 Y Y Y Y Y N Y Y
G-17 Y Y Y Y N N N N

2.3 Seismic to Well Tie

To facilitate horizon mapping on the seismic data
section, well correlation and seismic to well tie
were performed. The seismic data set was then
inverted into an impedance volume using a
model-based inversion scheme which entails
creating a low frequency model guided by well-
logs and interpreted horizons. Finally, other
elastic attribute properties such as lambda-rho
and mu-rho were extracted from the impedance
volume along the seismic horizon and used to
characterize the reservoir across

2.4 Horizon Interpretation

In our interpretation soft events were interpreted
as troughs (blue on the seismic color scheme)
while the hard events are interpreted as peaks
(red on the seismic color scheme). The
interpretation was manually done a one-step
increment on every inline and crossline across
the seismic for proper accuracy, two horizons
were mapped out and guided by reservoir
markers in well logs.

2.5 AVO Modeling

Well log data were analyzed to verify, develop
and simulate AVO scenes or scenarios to aid
AVO analysis. AVO analysis is widely used in
hydrocarbon exploration to distinguish between
non-hydrocarbon and hydrocarbon hosting rocks
[1,41].

2.6 Seismic Inversion

After extraction of relevant properties from the
seismic data, seismic inversion was performed to
determine the formation rock properties
contained in the raw seismic record. For this
study, two methods of seismic inversion were
implemented, which included the model based
inversion which involves deriving an initial model
from the wells. Using this model and the
extracted average wavelet, a synthetic trace is
calculated and compared with the actual seismic
data to calculate the error or misfit between them
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(objective function). The model is then modified
iteratively to minimize the error until the inversion
converges, i.e. a reasonable solution or an
acceptable match is obtained [2,42,43]. The
second method involves the use of neural
networks.

3. RESULTS
3.1 Lithostratigraphic Analysis

Gamma-ray was used to delineate lithology
(sand and shale bodies). Sand bodies were
identified by a deflection to the left owing to the
reduced concentration of radioactive elements in
the sand, whereas shale was identified by a
deflection to the right due to the high
concentration of radioactive elements in shale.
The resistivity log was used with the Gamma-ray

log to delineate potential reservoirs. High
resistivity intervals are thought to be
hydrocarbon-bearing intervals, whereas low

resistivity zones are thought to be water-bearing
intervals. Neutron and density logs were used to
determine the hydrocarbon type present in the
reservoir (oil or gas), both density and neutron
logs are paired in a track with one of their curves
reversed giving rise to the balloon effect (used to
differentiate the hydrocarbon present). Well
correlation was performed in order to identify
hydrocarbon-bearing sands, and this was
accomplished through the integration of Gamma
Ray, Resistivity, Neutron, and Density logs. The
well logs show three hydrocarbon potential
grains of sand whose tops and base are marked.
Identified and correlated by formation tops
(Fig. 10).

3.2 AVO Analysis

For the fluid-substituted brine, oil, and gas cases,
AVO responses were modeled. The seismic
response with increasing offset angle was
calculated using Aki and Richard's modified
Zoeprittz equation [44]. AVO plots for the sands
were displayed as models. Figs. 11 and 12 show
that Reservoir 3 sand exhibits a typical class I
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AVO response in the study area. The AVO has a
small negative intercept (normal incidence),
followed by larger amplitudes at large offsets.
However, there is a small and barely discernible
difference between the in situ, oil, and brine
responses (it was modeled as an isotropic
condition). These results imply that the oil and
gas would have similar seismic amplitudes and
behave similarly in the near and far seismic
stacks.

3.3 Structural Interpretation

The seismic and wells were correlated, and two
horizons were chosen and mapped as a result of
detailed seismic analysis. They were plotted on
the in-lines and cross-lines that ran through the
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study area. The geometrical configuration of the
stratigraphic surfaces displayed as seismic grids
is represented by these mapped surfaces
(Figs. 13 and 14).

3.4 Seismic Interpretation

To convert well data into the time domain, check
shot data was used. For the processing of a
good and reliable horizon interpretation of the
data to be performed, a wavelet is extracted to
help determine the response expected at the
stratigraphic  horizons  (Figs. 15-17). The
reservoir tops conformed to positive amplitudes
and are depicted by blue peaks, whereas the
reservoir  bottoms conform to negative
amplitudes and are depicted by red depressions.
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3.5 Seismic Inversion

Using the extracted wavelet both well and
seismic data were used to model formations.
Two levels of seismic inversion were
implemented in this study which involves the
procedure of generating an attribute volume of
the field using a model-based algorithm and
neural networks

3.6 Model Based Inversion

Before modeling, an analysis was performed to
see the correlation value between the log of the
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well data and the log of the inversion results and
the fit value between the synthetic seismogram
obtained with seismic, the smallest error value is
observed to obtain a good correlation between
the values from both the inversion results (red)
and well data (blue). The correlation is changed
iteratively until the difference between the
inverted and original traces is less than a certain
given value. However, when the synthetic
seismogram data with the original seismic data
shows a high correlation value, so it can be said
to have a very good correlation. With a specific
error level close to 0, this means that the results
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of the pre-inversion parameter settings show
good results (Fig. 18). After the correlation a
good tie was achieved between the seismic trace
and
inversion [45] employing a generalized linear
inversion algorithm that presumes the seismic
trace (S) and wavelet (W) are identified, and later
tries to alter the original model until the resulting
synthetic matches the seismic trace [46]. This
technique works well when there is a good
understanding of the geology and a reliable
model can be formed. The results of the model
based
Acoustic Impedance (Fig. 19), Shear Impedance
(Fig. 20), Lambda-Rho (Fig. 21) and Mu-Rho

synthetic  seismogram  Model-based

inversion are presented as

Res.,vol. 6, no. 1, pp. 37-57, 2023; Article no.AJOGER.97884

3.7 Neural Network Inversion

The Emerge module in Hampson Russell
software was used for this purpose. A sample
set obtained from the well logs was split into
training, validation and test subsets. Probabilistic
Neural Network (PNN) analysis was then
performed on the target log parameter using the
seismicvolume. The algorithm functions by
determining the relationship between the seismic
trace and the target reservoir attributes. The
training networks were used to observe and learn
these relationships from which an estimated
target attribute was determined. The target log
parameter used for this analysis included: Vp/Vs
(Fig. 23), Water saturation (Fig. 24), and Porosity

(Fig. 22). (Fig. 25).
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4. DISCUSSION

Fig. 10 shows well log correlation connecting all
four (4) wells within the study area. Reservoir 1,
2 and 3 were identified across all four wells. The
gradient analysis performed on the well data
revealed that the AVO curves had a small
negative intercept with resulting higher amplitude
at far offsets. According to the [12] classification
of AVO anomalies shown in Figs. 11-12, the
AVO anomaly can be classified as a class Il AVO
anomaly.

There was a good tie because a check shot
correction had been previously performed to get
the well to match the seismic data as closely as
possible to achieve a proper well to seismic tie.
Synthetic seismogram and seismic data
correlation for the three wells are shown in Figs.
15-17, because of the unavailability of G-17
check shot there was no generated synthetic
seismogram done. Two horizons were identified
and mapped along each inline and crossline with
a one-step increment. Figs.13-14 shows the
generated horizon model

Seismic inversion was then carried on the data
using Reservoir 3 sand. Two levels of seismic
inversion was employed for this study which
include the model based inversion and neural
network inversion.

4.1 Model Based Inversion
4.1.1 Acoustic impedance

The inverted acoustic impedance volume at G-15
and G-16 is shows a consistent increase in
acoustic impedance values with increasing depth
(Fig. 19A). The colors within the models show
variation of P-impedance values ranging from
4273-8636 Pa-s/m® which suggest different
lithologies within the reservoir. This is consistent
with previous research on the porosity-depth
trends of sand and shale [47], which established
shale as having a parabolic form (relatively
declining in acoustic impedance with increased
depth) and sands as having a consistent pattern
(impedance gradually increasing with depth).
Acoustic impedance slice across horizon 1 (Fig.
19B) shows high impedance values around the
vicinity of the wells but not in the well location
(having a green color code) which is consistent
with fluid determination. Low acoustic impedance
is an indication of fluid saturated sands
(hydrocarbons) (location of drilled wells).
Hydrocarbon bearing intervals are characterized
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by low acoustic impedance and are
characteristics of sandstone reservoirs within
Agbada formation in Niger Delta [48].

4.1.2 Shear impedance

The inverted shear impedance volume at G-15
and 16 is shown in Fig. 20A. An increase in
shear impedance values with increase in depth.
The various colors in the models shows variation
of S—imgedance altitude ranging from 1323-4574
Pa-s/m” which suggest different lithologies within
the reservoir model. When compared to the
acoustic impedance cross section, the Fig, 20A
depicts a much lower impedance value, which
corresponds to the findings of [49]. In Fig. 20B,
the shear impedance slice across horizon 1
shows high impedance to lower impedance value
variations is observed around the surrounding
areas of the wells. However, the well location has
a generally low impedance value which is
consistent with  fluid determination using
inversion being that low shear impedance is an
indication of fluid saturated sands (hydrocarbons)
which coincided with the position where the wells
are drilled.

4.1.3 Lambda—Rho

Lambda—Rho volume, which is a physical
change in the pore space when subjected to
pressure, can be used to predict pore fluid
content. Changes in rock pores and fluid are
more likely to cause this change than changes in
grain size. In oil saturated sandstones,
incompressibility is low, so Lambda—Rho can be
used as an oil/lgas content indicator in the pore
space. In Fig. 21A, the area surrounding horizon
1 has a low distribution of Lambda—Rho values,
which in a sand stone reservoir is the pore fluid
equivalent. On the basis of the interpretation and
analysis, it is possible to conclude that the
reservoir is suitable for oil accumulation. The
Lambda—Rho slice along the horizon (Fig. 21B)
shows the area with high prospects for
exploration, and the locations of each well show
low Lambda—Rho value [50].

4.1.4 Mu-Rho

Mu—Rho (pp) gives information regarding rock
matrix. Fig. 22A show that the area around the
horizons picked has a distribution of both
medium - high values of Mu-Rho, which shows
rigidity in the area as is commonly associated
with sand-shaly areas. High values of Mu-Rho
are usually associated with hydrocarbon sand.
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The Mu-Rho (pp) horizon slice (Fig. 22B)
exhibits high pp values around the producing
well locations with exception of G-17 which
might suggest minor shale intrusions or
unconsolidated reservoir sands [50].

4.2 Neural Network Inversion
4.2.1 Vp/Vg inversion

The seismic section's lithology and facies are
demarcated by V,/Vs . It showed a strong
relationship with the lithological composition and
pore pressure in sub surface rocks [51,52,53]. It
was also directly related to Poison’s ratio and it
shows high porous fluids sensitivity [53] and is
widely used for potential reservoirs, as an
effective hydrocarbon discriminator [54] High
Vp/Vs values are noted in the inverted volume of
the seismic data (Fig. 23A) indicating a high level
of shaly lithology around the study area, also
having a variation between a far lower and
medium value at the top and also in between.
This shaly lithology indicates the presence of
sand and brine. The inverted slice (Fig. 23B)
shows that all four wells are located in areas with
low V,/Vs values, conceivably indicating the
presence of hydrocarbon.

4.2.2 Water saturation

Low water saturation values were noted in the
inverted volume of our seismic data (Fig. 24A)
ranging between 0.00399-0.3337, showing a
variation with the green and yellow color code.
Therefore the water in the reservoir can be said
be at a range of about 30-34% indicating an
excellent reservoir. The inverted slice (Fig. 24B)
showed how all four wells were in areas with very
low water saturation values, probably indicating
the presence of hydrocarbon.

4.2.3 Porosity

High porosity values were noted in the inverted
volume of our seismic data (Fig. 25A) ranging
between 27.3 and 32.6, showing a variation with
the purple and blue color-code indicating large
pore space for hydrocarbons. However, the
inverted slice (Fig. 25B) shows that all four wells
are located in areas with very high porosity

values, possibly indicating the presence of
hydrocarbon.

5. CONCLUSION

This study investigated and characterized
reservoir properties via AVO analysis and

seismic inversion methods using data from G-
field of Niger Delta.

AVO modeling results using well logs proved that
changes in amplitude with offset was slightly
similar for brine and oil cases. G-14 location was
used in AVO analysis, and the result showed a
small negative intercept with subsequently higher
amplitudes as offset increases for the top
demonstrating that Class [l AVO anomaly was
detected. The base of the reservoir
demonstrated a flat spot structure anomaly.

The inversion result also conforms to the
structures, which makes it a very robust reservoir
(having a low water saturation and high porosity
value) for hydrocarbon bearing and aided the
interpretation of the G-field revealing better
reservoir architecture for the field
characterization.

Combining all these analyses provided a reliable
way to interpret and characterize the reservoir.
From this research, it can be concluded that G-
field is an oil field and AVO analysis and seismic
inversion is a good seismic interpreter for
reservoir characterization.
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