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Abstract

The application of quantitative interpretation techniques for hydrocarbon prospect evaluation from seismic has become so
vital. The effective employment of these techniques is dependent on several factors: the quality of the seismic and well data,
sparseness of data, the physics of rock, lithological and structural complexity of the field. This study adopts reflection pat-
tern, amplitude versus offset (AVO), Biot—Gassmann fluid substitution and cross-plot models to understand the physics of
the reservoir rocks in the field by examining the sensitivity of the basic rock properties; P-wave velocity, S-wave velocity
and density, to variation in lithology and fluid types in the pore spaces of reservoirs. This is to ascertain the applicability of
quantitative seismic interpretation techniques to explore hydrocarbon prospect in the studied field. The results of reflection
pattern and AVO models revealed that the depth of interest is dominated by Class IV AVO sands with a high negative zero
offset reflectivity that reduces with offset. The AVO intercept versus gradient plot indicated that both brine and hydrocar-
bon bearing sands can be discriminated on seismic. Fluid substitution modelling results revealed that the rock properties
will favourably respond to variation in oil saturation, but as little as 5% gas presence will result in huge change in the rock
properties, which will remain constant upon further increments of gas saturation, thereby making it difficult to differenti-
ate between economical and sub-economical saturations of gas on seismic data. Rock physics cross-plot models revealed
separate cluster points typical of shale presence, brine sands and hydrocarbon bearing sands. Thus, the response of the rock
properties to the modelling processes adopted favours the application of quantitative interpretation techniques to evaluate
hydrocarbon in the field.
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Introduction contrast or variation in these rock properties at the bound-

ary between two geological or geophysical interfaces. These

Quantitative seismic interpretation (QI) deals with rock
properties; these are the properties of rocks that influence
the propagation of seismic wave (Mavko et al. 2020). They
basically include: compressional wave velocity, shear wave
velocity, density and their numerous derived attributes
which include P-wave impedance, Poisson’s ratio, S-wave
impedance, Mu-Rho, and Lambda-Rho (Dewar 2001). The
observed amplitude on seismic data, sometimes interpreted
as direct hydrocarbon indicators (DHI’s), is as a result of
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variations are as a result of changes in lithology and or fluid
in the subsurface (Ogbamikhumi et al. 2018b; Sohail and
Hawkes 2020). Analysis of these amplitudes provides val-
uable information across field, leading to a better under-
standing of the subsurface geologic heterogeneity related
to lithology and fluid effect (Ogbamikhumi et al. 2017a, b).
Variation of amplitude with offset analysis of these subsur-
face property changes had provided valuable insight into
hydrocarbon exploration in clastic environment (Ross 2000).

Amplitude variation with offset (AVO) technique poses
information about the subsurface elastic rock properties, and
was developed to help define the fluid content of hydrocar-
bon reservoir (Alvarez et al. 2017). Its application involves
creating synthetic models and comparing the models with
real pre-stacked data.
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Analysis of the cross-plot of amplitude versus offset
(AVO) attributes that are derived from modelled synthetic
gathers, is a key technique that can be applied to character-
ize reservoirs. Accurate analysis is required to establish the
AVO classes of reservoirs present in the study field, mak-
ing it possible to concentrate on some particular scenarios
and execute case specific analysis. Although several types
of AVO reservoirs might possibly co-exist at the same time
in the same field, evaluating all will make the assessment of
the AVO response more time-

consuming (Paul and Marianne 2006; Uko and Emudi-
anughe 2014; Avseth et al. 2016; Ogararue and Anine 2016;
Ohaegbuchu and Igboekwe 2016; Toshe, 2017).

Robinson et al. (2005) in their work discovered that
fluid substitution is a necessary aspect of interpreting seis-
mic—amplitude and AVO anomalies. Fluid substitution mod-
elling process is an important aspect of seismic attribute
studies as it provides the interpreter with a valuable tool
to model the seismic responses for various fluid scenarios
(Smith et al. 2003; Rizwan, 2018). Fluid substitution model
is essential to make dependable estimate of density, Vs, and
Vp of variable fluid types and fluid saturations from their
respective in situ well logs. This process presents informa-
tion about the sensitivity of the rock properties to changes
in fluid content and lithology (Assefa et al. 2003; Robinson
et al. 2005; Ogbamikhumi et al. 2018a). The substitution
process is normally done during modelling to give an indi-
cation of the modelled seismic response sensitivity to the
presence of gas or brine in the reservoirs.

Cross plot analysis and forward modelling such as AVO
and fluid substitution modelling are seriously considered
when possible direct hydrocarbon indicators (DHI) that
result from variation in elastic rock properties such as bright
spot ( on structure brightening), dim spot ( on structure
dimimg), flat spot are seen on the full stack seismic data
(Paul and Marianne 2006; Das and Chatterjee 2016; Kumar
et al. 2016; Singha and Chatterjee 2017; Ogbamikhumi
and Igbinigie 2020). The present study employs analysis
of reflection pattern, AVO, fluid substitution and cross-plot
models to evaluate the sensitivity of rock attributes derived
from wells and establish the application of quantitative seis-
mic interpretation techniques for the prospectivity of reser-
voirs in the OSSY field, onshore Niger Delta Basin.

Geology of the study area

The study field is located in the Niger Delta Basin. The basin
is a tertiary delta situated in the Gulf of Guinea (Fig. 1).
Wells drilled through the delta penetrated three major
lithostratigraphic units: the sandy Benin Formation, the
intercalated Agbada Formation and the shaley Akata For-
mation (Short and Stauble 1967). The basin is structurally
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complex and divided into several depo-belts that become
younger basin-ward. Most discovered hydrocarbon bear-
ing reservoir is embedded in the intercalated sands of the
Agbada formation which is enclosed mostly within simple
and roll over anticlinal traps.

Datasets and methodology

A field wide full stack 3D reflectivity seismic and well data
(reservoir tops, gamma-ray log, density log, resistivity log,
calliper log, compressional and shear sonic logs) were avail-
able for the study (Fig. 1). Pre-stack data were not available
for the study. The well logs were subjected to several condi-
tioning techniques to improve upon the quality; filtering, de-
spiking, splicing and quality checked with calliper logs for
wash out zones. The quality of the well logs afterwards was
good and suitable to achieve the objectives of this work. The
study was conducted mainly with Hampson Russell (HR)
software suites. The study adopted four different modelling
techniques: reflection pattern, fluid substitution, AVO, and
cross-plot models to analyse the sensitivity of rock proper-
ties to lithologies and fluid changes.

Reflection pattern analysis was initially done on the
well log, as a prerequisite to AVO modelling to examine
the signal amplitude strength at geophysical boundaries. It
is a forward modelling convolutional process that involves
generating synthetic seismogram preferably with the deepest
available well in the field. The synthetic was generated using
a deterministic wavelet extracted from the seismic. This
technique can reveal several information about the seismic
data especially lithology and fluid properties, which could
serve as quality control to our geophysical modelling.

Fluid substitution modelling was carried out on the res-
ervoir sands to test the sensitivity of their rock properties to
various fluid conditions. The Gassmann’s equation relates
the bulk moduli of mineral matrix, the porous rock frame,
and the pore fluids (Gassmann 1951). Chopra and Castagna
(2014) demonstrated that Gassmann’s equations do not take
into account modification of the rock frame properties by
the pore fluids during fluid substitution. Thus, the frame
modulus was taken as the modulus of the frame in the pres-
ence of the wetting fluid. The application of this equation
is a two-part process, whereby we first determine the bulk
modulus of the porous rock frame (the bulk modulus of the
rock devoid of its initial pore fluid, also known as the “dry
frame” bulk modulus), after which we calculate the bulk
modulus of the rock saturated with any fluid of our choice
(Smith et al. 2003). From the field report, the in situ fluid
within the zone of interest has been established to be oil.
During modelling, the reservoir was replaced with different
saturation for both oil and gas (0%, 5%, 20%, and 80%).
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Fig. 1 Map of the Niger Delta Basin showing the location of the study field and the distribution of the available wells in the field

In this work, synthetic gathers (0- 35°) were generated
for both the in situ brine and hydrocarbon reservoirs using
linear approximation of Zoeppritz equations (Zoeppritz
1919). The Zoeppritz equation calculates the amplitude of
seismic waves and considers only plane-wave amplitudes
of reflected P-waves and ignores inter-bed multiples and
mode converted waves (Hampson and Russell 1999). Three
steps were adopted in this study; synthetic gathers were ini-
tially generated at the reservoir tops, after which a reflection
coefficient versus sine of incident angle plot was generated
to categorize the sands using the Rutherford and Williams
(1987) gas sand classification. AVO cross-plot analysis was
also carried out to differentiate the reservoir as either brine
or hydrocarbon filled.

Goodway et al. (1997) suggested some rock attributes
for lithology and pore fluid discrimination, which were
selected in this for cross-plot modelling. This technique

was adopted since common fluid types and lithology tend
to form discrete clusters in cross-plot space which helps in
making a direct interpretation. Such separations are only
possible if the cross-plotted rock properties are sensitive
to variation in fluid changes and grain arrangement in the
formation. Hence, some selected rock attributes were gen-
erated from well logs and cross-plotted using three models
to test the applicability of rock physics techniques in the
study field.

Results and discussions

The well-based feasibility analysis encompasses discus-
sions of results for reflection pattern model, fluid substitu-
tion model, AVO model and rock physics cross-plot model.
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Reflection pattern analysis

For the reflection pattern analysis, deterministic wavelet
was extracted from seismic to generate synthetic seismo-
gram, whose signal responses were compared to change in
acoustic impedance at geophysical boundaries in a correla-
tion window (Fig. 2). The polarity of the data as observed
for the sand tops is defined as a drop in acoustic imped-
ance with depth defined as a soft kick typical of a nega-
tive response of the SEG convention. This response is as
a result of the competency of the overlying shales across
the interval displayed.

For AVO gas sand definition, response typical of either
Class III or IV sands with a negative zero offset reflectiv-
ity that either increases or reduces in negativity with off-
set respectively, is expected within this depth interval on
seismic, hence ruling out the possibility of misinterpret-
ing response at the interface between compacted sand and
under-compacted shale as class III or class IV within the
zone of interest. Hence, no unusual response as reported
by Avseth et al. (2016) is possible within this depth inter-
val. Therefore, any such AVO response within our interval
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of study is expected to be depicting the presence of hydro-
carbon bearing sands.

Fluid substitution sensitivity modelling
Oil substitution modelling

As observed in Fig. 3, the reservoir interval in the second
track was defined by a low gamma ray and high resistivity
response typical of hydrocarbon sands. In the P-wave tract,
five curves are presented, which represents P-wave curve
generated for brine or 100% water saturation, 5% oil satura-
tion, 20% oil saturation, 80% oil saturation and the in situ
saturation. It was observed that P-wave value was highest for
the brine filled case compared to when oil was introduced
into the reservoir. This is because the additional mechani-
cal strength brine contributes to the rock, which aids the
propagation of sound wave as compared to the presence of
hydrocarbon in the pore spaces of the same rock. Upon the
substitution of 5% oil into the reservoir, the P-wave value
dropped. Further increments in the saturation of oil in the
reservoir lead to corresponding decrease in P-wave value.

EEENSEERT 2

‘\

Z.

L3t

l6696.5-

5796 .3

l6896.5-

[s996.5-

7096 3

7196.3-

D7 Top €p—

‘\

7396

SR

o
i

=
8
w
B —
|

Fig.2 Correlation window that displays gamma ray log, resistivity log, acoustic impedance log and positions of hydrocarbon bearing sand tops
(arrows) within the depth interval of interest used for reflection pattern analysis
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Fig.3 The effect of various oil saturations on P-wave velocity in D2

This is indicates that the presence of various oil saturation
could be detected and differentiated from brine filled sands
using P-wave derived rock physics parameters both in wells
and on seismic.

Another observation made from this fluid substitution
result was that the P-wave value for the 80% oil saturation
almost overlain the in situ curve. This implies that both sce-
narios might probably be of the same saturation and the tech-
nique can be adopted to estimate the potential hydrocarbon
saturation in the reservoir experimentally, where the vital
logs originally required for such purpose are either unavail-
able or compromised.

The effect of various oil saturation substitutions on den-
sity is presented in Fig. 4, which exhibited similar responses
as observed with P-wave; a continuous increase in oil satura-
tion leads to corresponding drop in density. An intriguing
observation made here was the clear separation in density
curves between the in situ saturation and 80% saturation,
with the former having the lesser density value. This implies
that the original reservoir saturation could be greater than
80% oil saturation.

Fluid substitution modelling was also done to test the
sensitivity of S-wave to the various oil saturations in the
reservoir (Fig. 5). It was observed that irrespective of the oil
saturation, the S-wave value remained relatively constant.

Trackl

Track 2

This is because the propagation of shear wave does not nec-
essarily respond to change in fluid, but to change in the rock
grain matrix since fluid in reality has close to zero resistance
to shearing (Da-Xing 2017; Ogbamikhumi et al. 2017b).

Therefore, shear wave velocity does not depend on
changes in fluid type or fluid saturation. In a mixed hydro-
carbon and brine reservoir, the value of shear wave is there-
fore expected to be relatively similar within the fluid inter-
val. Hence, shear wave and its derived rock physics attribute
are expected to be a poor discriminant for fluid in a reservoir,
but will be a very good indicator of lithology types.

Gas substitution modelling

Niger Delta Basin is a mixed hydrocarbon province, oil
and gas bearing. In a typical oil field like the studied OSSY
field, there exist the possibilities for reservoirs to be mixed
hydrocarbon charged. Hence, it is important to model for
gas scenarios also, which could aid the recognition of gas
response in the undrilled areas of the field if gas happens to
be present.

The same substitution process and template applied for
the oil scenario was adopted for gas substitution presented
in Figs. 6, 7, 8.
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Fig.4 The effect of various oil saturations on density log in D2 reservoir
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Fig.5 The effect of various oil saturations on S-wave log in D2 reservoir
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Fig. 6 The effect of various gas saturations on P-wave log in D2 reservoir
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Fig. 7 The effect of various gas saturations on density log in D2 reservoir
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Fig.8 The effect of various gas saturations on S-wave log in D2 reservoir

The substitution done to test the sensitivity of P-wave
to gas saturations in Fig. 6 reveals that, for as little as 5%
increase in gas saturation, the value of P-wave fell drasti-
cally. Upon further increments, the saturation remained rela-
tively constant. This suggests that although gas saturation
would be easily detected on seismic for the reservoir in the
field, it will be extremely difficult to differentiate between
economical and sub-economical saturation of gas.

Gas substitution effect on density and S-wave logs pre-
sented in Figs. 7 and 8 both exhibited similar behaviours as
observed in the case of the oil substitution scenario.

From the result of fluid substitution sensitivity analysis,
it can be confidently concluded that quantitative interpreta-
tion techniques that rely on response of rock properties to
fluid and lithology change can be conveniently applied to
characterize reservoirs in the field.

AVO Modelling

Fluid substitution sensitivity analysis has demonstrated
that quantitative interpretation techniques can be used to
characterize the study field, and it is imperative to test the
applicability of some quantitative interpretation techniques
on wells, in order to establish their application on seismic
for prospect evaluation, especially at the undrilled area of
the field.
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The modelling process was achieved by generating syn-
thetic gathers that show variation of amplitude response as
the angle of incident increases. This is a more detailed analy-
sis compared to reflection pattern analysis that was done to
understand the effect of compaction of shales on the AVO
response at the top of the reservoirs directly underlying
them. For the modelling process, two scenarios were tested:
brine sand and hydrocarbon sand scenarios.

AVO modelling for brine sand scenario

The AVO modelling carried out for the brine sand scenario
in (Fig. 9) shows the low gamma ray log response in track
1 used to define the reservoir interval and the low value of
resistivity log in track 2 within the reservoir indicating a
water bearing interval. The generated AVO synthetic for
the in situ condition presented in the last track of Fig. 9
and the cross-plot of reflection coefficient versus sine of
angle of incidence presented in Fig. 10 reveal a negative
value for the zero offset reflection that becomes less nega-
tive with offset typical of the Rutherford and Williams
class IV sands. This zero offset response was expected as
demonstrated by our reflection pattern analysis, which ini-
tially revealed that the overlying shales within the interval
of interest are more compacted than the reservoirs. Hence,
a drop in impedance was expected at the shale-sand inter-
face giving a negative response (meaning only a class III
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or class IV AVO sand response typical of the top of a
reservoir was expected at that depth). The AVO cross-plot
in Fig. 10 also shows that the reservoir top response falls
along the background trend, indicating that the reservoir
is brine filled.

AVO modelling for hydrocarbon sand scenario

The generated synthetics in Fig. 11 and the cross-plot of
reflection coefficient versus sine of angle of incidence
in Fig. 12 indicate a negative zero offset reflection that
becomes less negative with offset typical of class IV AVO

34
{(x=509553. 19m, y=102950.50m) Elevation: kb=9&.33ft, surface=0ft, SRD: Oft {(same as surface)

Gamma Ray_2 Resistivity_1
APT i obm-m 1000
T 1

150|
Time (ms) F 1

1800 - Sl Y

i -

T ¢’£D2_Top —_ D%_Top —
1810 — s ]

= s

i T -

- P~ | |

1 | |4 v
1820 — \\h'—-—-i I

3 =

1 L o

. L& L

1 < O
1330 — E:- -

] {_,:..
1840 — t-"c"

o

1 -

1850 — -+t 4+1+-1-1-1- -+
-
] <
. \"‘-s
D2_Baser ——— D2 _Base t+
i l? || | ‘ ‘”II
Track 1 Track 2

P-Impedance_trans 1 lsﬁxgne = 5006 ™MD (ft)
s S0000 from
4
D2_Topr——
a;
(%
’d
‘%
<%L
‘é
? D2 Baser—
Track 2 34 _synthetic_ALL

Fig. 11 Correlation panel showing well logs and AVO synthetic for hydrocarbon filled D2 reservoir

" Gradent Curves 8 x
® Q B & Q5 xaisiaege o] R

Gradent Curvesz A (Two Term Ak-fichards)
Event 1: Depth= 6569.00ft, Correlaton= 0.9565, A=0.0211, 8= 0.0222
Arphiude

4
2013

0.014

Py
-

0.01%

i

0.014

2017

008

Q.013

€.020

Q.0

T FeTTY FeTEDS FrTee STl FTwet

] 5 0 5 XN s Y 3%
View 1: Angle(Degrees), Event | man 35.00 degs

Coler Key

03

o

Gr achert

L FENEEY NS,

0.4 2.3 2.2

Fig. 12 Zero offset amplitude versus reflection angle plot (left) and gradient versus intercept plot (right) for D2 reservoir showing a typical

hydrocarbon filled class IV AVO sand

Jielase cllall aly .
ﬁﬁrﬁmuq mm @ Springer



Journal of Petroleum Exploration and Production Technology (2021) 11:1809-1822 1819

gas sand. The AVO cross-plot in Fig. 12 clearly indicated
that the top of the reservoir plots on the first quadrant with
negative intercept and near zero gradient typical of class IV
AVO class is similar to the brine case. But in this case, the
reservoir plots away from the background trend indicate the
presence of hydrocarbon, as seen in the well log.

In summary, the overlying shale layers are compacted
and the dominant AVO class sand expected within the depth
interval of interest is the class IV sands, commonly described
as a dim spot DHI on seismic. Dim spots are expressed as
either on structure diming or off structure brightening on
seismic. It has been demonstrated here that AVO technique
is desirable to differentiate between brine and hydrocarbon
filled sands in the undrilled zones on seismic data.

Well-Based rock physics cross-plot analysis

In most cases, rock properties respond preferably to vari-
ation in lithology and fluid content in sands, just as it has
been demonstrated in this study (Singha and Chatterjee
2017; Abe et al. 2018). Hence, these rock properties along-
side their derived attributes are expected to form different
clusters in cross-plot space where such changes exist. Mu-
Rho, Lambda-Rho, Poisson ratio, P-impedance and Lambda-
Rho/ Mu-Rho are secondary derived attributes from the
three basic rock attributes. Li (2004) shows that Lambda-
Rho decreases with increasing porosity and increasing gas
content, for clastics. The parameter Mu-Rho is a lithology
discriminant with high values indicative of sand lithology.
The Poisson ratio is a fluid indicator because P-waves are
sensitive to fluid changes, whereas S-waves are not. The
P-wave impedance is more of a fluid indicator since both
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Trackd

p-wave and density are sensitive to fluid change than lithol-
ogy (Han et al. 2007). These rock properties were analysed
using cross-plot techniques with attributes derived from well
logs, to ascertain the applicability of rock physics techniques
for prospect evaluation from inversion result on seismic. The
three cross-plot templates selected for the cross-plot analy-
sis include: Mu-Rho versus Lambda-Rho plot, Lambda-Rho
versus Lambda-Rho/ Mu-Rho cross-plot and Poisson ratio
versus P-Impedance cross-plot. The cross-plots were colour
coded with resistivity logs in order to discriminate between
hydrocarbon bearing sands and brine filled sands. The colour
scheme adopted within each cross-plotted interval, defined
by the top and base of the sands, was common between the
well log panel and cross-plot panel in Figs. 13, 14, 15.

Mu-Rho versus Lambda-Rho cross-plot

Mu is an S-wave derived parameter known as rigidity. It
is expected to have values that are greater for sands than
shales, since sand matrix exerts greater resistance to shear-
ing than shale matrix. Its value is not affected by the nature
of fluid in the pore spaces as demonstrated by the fluid sub-
stitution modelling; hence, the values for brine and hydro-
carbon fill sand are expected to remain relatively constant.
Lambda-Rho, on the other hand, is a P-wave derived param-
eter known as incompressibility. Since fluid contributes a
reasonable amount to the total resistance exerted by a rock
to compression, a change in fluid type and its saturation is
important in determining the incompressibility of a rock.
A systematic change in fluid type from brine to oil then to
gas will lead to significant gradual reduction in the incom-
pressibility of a rock (Azeem et al. 2017; Ogbamikhumi
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et al. 2017b). Mu-Rho and Lambda-Rho are, respectively,
products of these two parameters with the bulk density of
the rock.

Therefore, a cross-plot of these two parameter within the
depth interval of one of the reservoirs presented in Fig. 13
defined a zone with low Mu-Rho, high Lambda-Rho and
low resistivity values, typical of shale lithology, similar to
results obtained by Ekwe et al. (2012), while also working
in the Niger Delta Basin. A second zone is demarcated with
high Mu-Rho and low Lambda-Rho value typical of brine
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@ Springer

sand response. A third zone is defined with high Mu-Rho,
very low Lambda-Rho and high resistivity value typical of
a hydrocarbon bearing sands.

Although the rock attributes clearly discriminated between
brine sand, hydrocarbon sand and shale as preempted from
the fluid substitution sensitivity analysis, it was observed that
the zone corresponding to hydrocarbon sand does not have
resistivity value as high as expected for such response. We can
therefore infer that the quality of the resistivity log is not very
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desirable. Hence, this cross-plot analysis can also be used to
validate the quality of some petrophysical logs.

Lambda-Rho versus Lambda-Rho/ Mu-Rho
cross-plot

The cross-plot of Lambda—Rho versus Lambda—Rho/ Mu-Rho
is presented in Fig. 14. The ratio Lambda—Rho/ Mu-Rho is a
complex ratio that presents a high value for shale, lower value
for brine sand and a much more lower value for hydrocar-
bon bearing sands (Ogbamikhumi and Igbinigie 2020). The
cross-plot reveals a zone defined by very high values for both
lambda-Rho and Lambda-Rho/Mu-Rho attributes, which cor-
responds to the interval shaded brown in the well log panel
defining shale lithology. Lower values of both parameters
were observed for brine sand, and a much lower values of
both attributes were recorded for hydrocarbon sand, similar
to results obtained by researchers in the same basin (Omudu
and Ebeniro 2005; Adeoti et. Al 2018). Thus, both parameters
can be used to characterize lithology and fluid on well and
seismic data.

Poisson ratio versus P-impedance cross-plot

Poisson ratio is a more complex average of the Vp/Vs ratio that
discriminates shale lithology from sand with relatively greater
values (Li and Zhang 2018). For mix hydrocarbon and brine
reservoir, a much lower value will be observed for hydrocar-
bon bearing sand as compared to brine sand. P-impedance is
a product of P-wave velocity and density. Since both primary
rock attributes responded in a similar manner to presence of
hydrocarbon; reduction in their values as demonstrated in the
fluid substitution sensitivity analysis, a product of both will
have a multiplier effect that should conveniently differentiate
hydrocarbon sand from brine sand under a normal condition.

The cross-plot of both parameters in Fig. 15 reveals
very high values of Poisson ratio, a relatively high value
of P-impedance and a very low value of resistivity, which
defines shale lithology. Sand was defined by very low values
of Poisson ratio and a relatively lower value of P-impedance
compared to shale response. The hydrocarbon bearing inter-
val is characterized by low values of P-impedance and very
low values of Poisson ratio compared with the brine filled
portion of the reservoir (Bodunde and Enikanselu 2019).
Hence, Poisson ratio would serve as a better discriminator
of fluid than P-impedance.

Conclusion

In this research work, several modelling techniques: reflec-
tion pattern models, fluid substitution models, AVO mod-
els and cross-plot models were employed to analyse the

sensitivity of rock properties to changes in lithology and
fluid types on wells in the studied field. This was to deter-
mine the extent to which quantitative seismic interpretation
techniques can be applied on seismic for hydrocarbon pros-
pect evaluation of reservoirs in the undrilled area of the field.
Reflection pattern analysis pointed out that both the overly-
ing and underlying shales bounding the sands of interest
were more compacted than the sands. Hence, the expected
AVO classes on seismic data in the field would be class III
or class IV sands. Analysis of AVO models discriminated
between brine and hydrocarbon presence confirmed that the
sand tops within the depth interval of interest to be class
IV sands. Fluid substitution modelling clearly reveals the
sensitivity of the basic rock properties: P-wave, S-wave and
density to changes in lithology, fluid types and saturations,
suggesting that rock physics analysis on seismic would be
effective for both oil and gas exploration in the field as dem-
onstrated by Ekwe et al (2012). The well-based rock physics
cross-plot modelling and analysis performed, confirmed that
the rock properties of the reservoirs responded favourably
to changes in fluid and lithology types by defining separate
clusters for different lithology and fluid types. Hence, quan-
titative interpretation techniques would present dependable
results for prospect evaluation on seismic, especially in the
undrilled area of the field.
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