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Introduction

Enhanced oil recovery methods are typically examined
through  laboratory-scale  investigations,  with
subsequent analysis via reservoir simulations. This
procedure, however, does not guarantee the success of
the operation in the field [ 1]. In Iran, several reservoirs
have undergone water and natural gas injections, which
in some cases have been connected to the production
of high volumes of injected water or formation water.
Therefore, monitoring the production and injection
process in reservoirs seems necessary. There are several
monitoring methods, including four-dimensional (4D)
seismic, repeated well logs, and chemical tracers.
Due to its full coverage of the reservoir, 4D seismic is
considered the main monitoring method. The proper
implementation of 4D seismic operations, however,
requires preliminary studies regarding the feasibility
of this approach. At this stage, different injection and
production scenarios are prepared and the seismic
response for each scenario is calculated. To accurately
estimate these responses, rock and fluid physics
models are used. Many existing rock physics models
are provided for sandstone reservoirs. Therefore,
using them in carbonate reservoirs, which have a
more complex structure, mainly causes the results to
deviate from laboratory measurements and well logs
[2, 3]. Some of the most commonly used rock physics
models are the Hertz-Mindlin model [4], Gassmann
model [5], Kuster-Tokséz model [6], Xu-Payne model
[7], differential effective medium theory (DEM) [&],
and Shiri-Falahat model [3]. Each model is based on
certain assumptions limiting its application. Jalini
and Falahat [9] provided a hybrid method suitable

Accepted: December/31/2023

for complex carbonate reservoirs. This model, which
is an improved version of Shiri-Falahat's model, is
a combination of the Kuster-Toks6z model, DEM
equation, MacBeth relations [10], and Gassmann’s
fluid substitution model. Therefore, the Jalini-Falahat
model provides the possibility to investigate the
effect of pressure, pore shape, fluid saturation, and
mineralogy, simultaneously. In this research, the
Jalini-Falahat rock physics model is used to study
the elastic properties of an oil reservoir in south Iran.
Then, the feasibility of 4D seismic is carried out in
zero-dimension (petro-elastic range), well scale (1D)
and reservoir scale (3D).

Materials and Methods

In this study, information and data from an oil field in
south Iran are used. There are two reservoir formations,
Burgan (sandstone) and Yamama (carbonate). To
identify the most appropriate model for simulating the
reservoir's seismic response, six of the most frequently
used models are studied. These models include Hertz-
Mindlin , Gassmann, Kuster-Tokséz, DEM, Shiri-
Falahat, and Jalini-Falahat. Gassman's model, which
is one of the most common equations in the industry,
only considers the amount of porosity and does not
consider the effect of pore type. Meanwhile, the
Kuster-Tokséz method performs better due to their
consideration of pore shape. However, this equation
does not consider the effect of pressure. The method
presented by Shiri and Falahat combines the Kuster-
Toks6z, Gassmann, and MacBeth pressure equations.
This model considers the effect of the pore shape and
pressure in the reservoir at the same time. The Shiri-



Petroleum Research, 2024(April-May), Vol. 34, No. 134

Falahat model is more accurate than the previous
models. However, due to the use of the Kuster-Toksoz
model, using this method in rocks with fractures or
high porosity values causes errors.

The Jalini-Falahat model, which is an improved
version of the Shiri-Falahat method, utilizes the
differential Kuster-Toks6z model [11] instead of the
Kuster-Toksdz model. In this method, the porosity
is added to the rock matrix gradually, solving the
problem of the previous model in fractured or highly
porous rocks. Here, the Jalini-Flahat model is used in
both the Burgan and Yamama formations to study the
feasibility of 4D seismic operation and its success in
monitoring water injection and production. This study
is performed in 3 steps. First, the feasibility study is
performed in zero-dimension (petro-elastic range) for
3 scenarios of injecting formation water, seawater,
and smart water. Then, 1D studies are conducted to
simulate the seismic response caused by the rising of
oil-water contact in a well using well logs. Finally, the
3D investigation is performed to monitor the changes
in seismic response due to the rising of oil-water
contact in a synthetic seismic cube of data.

Results and Discussion

The simulation of formation water, seawater, and
smart water injection process in zero-dimension
shows that the 4D seismic operation on both Burgan
and Yamama formations is feasible. The acoustic
impedance in Burgan formation changes by more
than 5% in each scenario, which will be visible in 4D
seismic responses. In Yamama formation, the seismic
responses are slightly lower than Burgan. However,
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both formations show a change in acoustic impedance
between -4.5% and 7% for pressure and saturation
impacts. Therefore, the 4D seismic responses can be
used for monitoring water injection or production.

In 1D studies, the synthetic seismic responses are
provided by the Jalini-Falahat model in a well under
different scenarios of rising oil-water contact in each
formation. For the seismic response to indicate a
change in reservoir properties, the amplitude should
change by at least 10%. Investigating the seismic
response of the Burgan formation indicates that any
rise in oil-water contact over 3 meters will be visible
(up to 130% change in amplitude). The same approach
in Yamama formation results in a 7-meter threshold
which is confirmed to be available by reservoir models.
To study the feasibility of 4D seismic in field scale, the
calculations are performed on two data cubes from two
different years. The investigation on Burgan formation
is performed on the data from 1974 and 2000. Due to
production, the gas cap is displaced and the oil-water
contact rises. Both phenomena and their cumulative
effect on amplitude (RMS) are shown in Fig. 1. As
shown in the figure, the amplitude is changed up to
50%, which is recordable by 4D seismic data. The
same analysis was carried out for Yamama reservoir.
The production from Yamama did not begin until
2004. So, the calculations are performed for 2004 and
2020. In addition, due to the limited production from
Yamama, there is no change in gas saturation. The 4D
seismic signal in Yamama due to rising WOC is above
detectable level. Thus, 4D seismic data in the Yamama
reservoir is also considered to be feasible and can be
used to monitor water injection processes.
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Fig. 1 From left to right: variation of seismic amplitude, water saturation, and gas saturation in Burgan formation between 1974

and 2000.

Conclusions

In this study, the feasibility of 4D seismic operation
for monitoring water injection and production
is investigated in an oil field in south Iran. The
feasibility study is performed in zero, one, and three
dimensions on two reservoir formations: Burgan and
Yamama. The seismic responses are estimated using

the Jalini-Falahat rock physics model [9]. In zero
dimension, three scenarios are studied: 1) formation
water injection, 2) seawater injection, and 3) smart
water injection. The acoustic impedance calculated
under different scenarios in both formations changes
from -4.5% to +7% which can be recorded using 4D
seismic studies. In the next step, the 1D studies are



performed on a well under using synthetic seismic data
for different scenarios of rising oil-water contact. Any
displacement of the contact over 3 meters in the Burgan
formation and over 7 meters in the Yamama reservoirs
can be recorded in 4D seismic operations. In three-
dimensional studies, the same procedure is performed
on 3D data for two different years. According to the
results, the change in acoustic impedance between
1974 and 2000 for the Burgan formation is about 50%
and between 2004 and 2020 for the Yamama formation
is about 20%. Therefore, it is possible to monitor the
changes in the oil-water contact in both the Burgan and
Yamama reservoirs in 3D. Considering the results of
the feasibility study, 4D seismic is recommended for
monitoring injection and production from this field.
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