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Introduction

One of the main purposes in describing oil and gas
reservoirs is to determine fairly accurate inplace
reserve of hydrocarbon, and one of the several key
points to determine hydrocarbon inplace reserve is the
its saturation. The main assumption in this research is
based on the fact that the fluid in the reservoirs causes
attenuation and seismic scattering, which is supported
by rock physics models, numerical modeling of
different models and some different studies. In this
study, using the White Rock physics model, three
types of sandstone reservoirs have been defined that
differ in depth and degree of compaction [1-3].

Materials and Methods

Initially, three sandstone reservoirs were defined,
which differ in depth and degree of compaction, and
all of the three models are non-scattering overburden
and reservoir rock shows scattering properties. The
reservoir rock is an alternating layering medium
consisting of two porous sections with periodicity d1
+ d2, dI is the thickness of the first section and d2 is
the thickness of the second section. Parameters d1 and
d2 are much smaller than the seismic wavelength and
much larger than the particle size. Overburden layer of
the reservoir is a non-scattering shale. The first model
is a dense reservoir with very high depth, which it has
low porosity and low permeability, and it is defined as
a low frequency dim-out reservoir.

In this type of reservoir, the acoustic resistance of
the reservoir rock is higher than of overburden. The
second model is a reservoir with medium depth and
density that has moderate porosity and permeability

Accepted: August/19/2021

and is defined as a phase-shift reservoir. The third
model is a shallow and non-compact reservoir that
has a higher porosity than the other two models, and
it is defined as a reservoir with a bright-spot feature
as a direct detection indicator of hydrocarbons [4-6].
Calculations have been performed for the three models
considered in this paper, and the results are presented
in the form of diagrams of changes in reflection
coefficient and scattercoefficient. Finally, the real data
of one of the Persian Gulf fields has been performed.
Then, using the program developed in MATLAB
software, the effect of different saturations and
porosities on the phase velocity indicators, attenuation,
and normal incidence coefficient and phase angle have
been investigated. Using the analytical equations and
numerical modeling, the properties of the normal
incidence coefficient have been investigated as a
function of frequency between two scattering and non-
scattering environments.

Then, using the cross plot, the reflection coefficient and
scatter diagrams of the gas saturation are estimated.
In the present study, using the above concepts, one-
dimensional modeling is tested on three different
models, and finally, as a case study in one of the
hydrocarbon reservoirs is located in the Persian Gulf.
The behavior of different velocities with frequency is
almost the same as the behavior of different reflection
coefficients besides frequency. When the gas saturation
is zero, the velocity and reflection coefficient will be
independent from the frequency.

Also, the results for the first model, the second model,
and the third model, have been illustrates in Figure 1a,
b and lc, respectively.
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Fig. 1 Changes in phase velocity and damping indicators and reflection coefficient and phase angle in different saturations for
the first model (a), the second model (b) and the third model (c).



As the graphs show, by increasing saturation, the
amount of velocity and reflection coefficient decrease,
and attenuation occurs when the saturation is more
than zero. Thus with frequency increasing, first, the
attenuation increases and then decreases. Therefore,
for each saturation, an attenuation peak appears, which
is the maximum attenuation peak for the first model in
the frequency range less than 10 Hz.

In the process where the gas saturation increases to
30%, the attenuation peak is increased and when the
saturation is more than 30%, the attenuation peak
decreases and the attenuation peak for the second
model is 17% at saturation and frequencies greater
than 10 Hz as the maximum attenuation value. For the
third model, a saturation of 0.15 occurs, which is less
than the first and second models [7].

Therefore, if the compressibility of the reservoir
reduces, the lower the critical saturation point will
achieve. As the porosity increases, the attenuation
peak value and the phase angle increase, but the phase
velocity and reflection coefficient decrease. Compared
to graphs of Figure 2a, 2b and 2c, it can be clearly
seen that the changes in phase velocity, attenuation and
reflection coefficient with respect to porosity are greater
than their saturation changes. Therefore, porosity has
a greater effect on the indicators than gas saturation
because the porosity affects the frame modulus, and
saturation affects the mixed fluid modulus.

Frame modules have greater effects on bulk modules
than fluid modules. In the second model, critical
porosity occurs at 0.4. As the porosity increases,
the velocity decreases and the reflection coefficient
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decreases to 0.31 porosity and then increases, and
the phase angle becomes 0.31 positive before and
after the porosity changes to negative. In other words,
for a reservoir with a medium depth and density,
the attenuation can be independent from the phase
reversal, but the reflection coefficient is affected by
the phase reversal either. Therefore, it is difficult to
predict porosity using the reflection coefficient. For
the third model, the reverse phase occurs in porosity
greater than 0.24 and the critical point of porosity
is 0.4, which occurs when attenuation peaks reach
maxiumum. Based on these models and analyzes, it
can be concluded that gas saturation and porosity have
greater effects on scattering and attenuation, and the
velocity changes in the three models are proportional
to the changes in the reflection coefficient.

With a developed formula for the reflection coefficient
between the scatter medium and the non-scatter
medium, which uses an approximate scatter formula
that can be used to analyze gas saturation and porosity
[8,9]. In this study, the same main and approximate
relations of reflection coefficient have been applied
and analyzed on the three mentioned models. For
each model, a critical saturation exists that the scatter
reaches its maximum value and this value also increases
by increasing the degree of reservoir density. On both
sides of the critical point and the scatter, changes are
obvious and slow. The scatter behavior against gas
saturation, is consistent with the attenuation behavior,
which shows in Figure 3 that the scatter diagram in
terms of reflection coefficient can approximately show
the velocity and attenuation scatter behavior.
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Fig. 2 Investigation of changes in principal and approximate reflection coefficient for the first model (a), the second model (b)

and the third model (c).



Petroleum Research, 2022(February-March), Vol. 31, No.

«10°%

121 m

—
X:0.9213
¥:0.001458

dNI/df

051

0 I L L
0 0.1 0.2 03

04 05 06 0.7

gas saturation

Fig. 3 Scatter modeling in the studied reservoir.

Results and Discussion

In the first model, when the saturation is less than the
critical saturation, the amount of scatter increases with
saturation increasing, and after the critical saturation,
the scatter decreases with saturation increasing. For
the second and third models, as in the first model,
before the critical saturation, the scatter increases
with an increase in the saturation, and after the critical
saturation, the scatter decreases with increasing
saturation. However, the reflection coefficient on both
sides of the critical point has changed slightly, which
it indicates that the scatter is more sensitive to the
saturation of the gas than the reflection coefficient. As
a result, according to the velocity scattering model, the
amount of gas saturation can be estimated.

In each model, we have a critical saturation point at

which the scatter reaches its maximum value. This
critical saturation point in the cross-section of the
reflection and scatter coefficient is also well visible,
according to which, the cross-plot is divided into two
parts, and according to the scatter behavior in each
part, the gas saturation can be estimated. The results
show that among the set of indicators, frequency-de-
pendent velocity and frequency-dependent reflection
angle have the same trend in different saturations. Af-
terwards, by using the scientific approximations, the
reflection coefficient is applied to estimate the scatter,
and at the end of this method, it was examined on the
one of the Persian Gulf oil fields data then, the gas
saturation limit was estimated and compared with well
logs in Figure 4.
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Conclusions

Scattering seems to be more sensitive to gas saturation
than the reflection coefficient. According to the
above diagrams and the velocity scatter model in this
reservoir, the gas saturation rate is estimated at about
12%, which has shown a very good agreement with
the actual value resulting from the petrophysical data
of the studied reservoir. As can be seen in Figure 4,
the sandstone reservoir of the Ghar formation, the
percentage of gas saturation in the beginning of the
formation is about 12%, and the middle layer is about
15%, which indicates the efficiency of the method and
the appropriate agreement of the results.
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