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Introduction

Due to the increasing expansion of oil and gas field de-
velopment projects, there is a need to provide three-di-
mensional reservoir models with more low uncertainty.
Using stochastic geostatistical algorithms, preparing
facies models and integrating seismic data are some of
the ways to reduce uncertainty [1,2]. Since facies are
directly related to the distribution of reservoir petro-
physical properties, facies modeling seems necessary.
In fact, the changes in the petrophysical properties
(such as porosity, permeability, etc.) between differ-
ent facies are much greater than their changes within
each facies, and the fluid flow is greatly affected by
the spatial heterogeneity of the facies [1,3]. It is also
possible to increase the accuracy of geological models
by seismic data integration. In recent decades, the use
of three-dimensional seismic data in powerful geosta-
tistical methods such as co-kriging or co-simulation
methods has made it possible to achieve high-accuracy
models [4,5]. In this research, after modeling the fa-
cies in a carbonate reservoir, comparison of porosity
simulation has been performed using three-dimension-
al distribution of facies and without using it. In this
study, Sequential Indicator Simulation (SIS) was used
to simulate facies, and Sequential Gaussian Simula-

Accepted: November/17/2020

tion (SGS) was used to porosity simulation. Also, to
investigate the reduction of model uncertainty with the
seismic data integrating, acoustics impedance has been
used as secondary data in porosity simulation. In addi-
tion to that, neural network analysis was performed on
a set of seismic attributes to generate facies probability
cubes. These probability cubes were entered as a trend
in the simulation of the facies.

Geological Setting

The study area is located in the Abadan plain, north-
west of Dezful, and it is one of the most important oil
fields in southwestern Iran. In this field, Sarvak For-
mation forms the largest reservoir. Since Sarvak For-
mation is one of the most important reservoir horizons
in many hydrocarbon fields in western and southwest-
ern Iran, it has always been considered by geologists
and oil companies [6]. In the study area, this formation
with a thickness of 600 m consists of a thick sequence
of limestone and interlayers of clay limestone and as a
result, no significant lithological changes are observed
in it. The uplift and erosion of the carbonate platform
of the Late Cenomanian Formation has caused it to
come out of the water and the lack of sedimentation
in parts of the Zagros sedimentary basin, including the
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field, so that channel extensions have been reported
in this area [7]. The importance of the upper part of
the formation as the most important reservoir and also
the identification of channel deposits in this formation
caused the present study to focus on this part of the
formation.

Material and Methods

The porosity and electro-facies logs of 40 wells from
the field and the three-dimensional cube of acoustic im-
pedance data are the input data of this study. Facies well
logs contain five codes from different electrofacies. The
zero code is for shale and shaly-carbonate. The shale
volume in this code is more than 30%. Other codes
which have a shale volume are less than 30%, and they
are divided into four categories according to porosity:
carbonate 1- hard 2- clean and slightly porous 3- rela-
tively porous and 4- clean porous. Also, 10 wells from
different parts of the field were selected as blind wells.

Results and Discussion

The starting step for reservoir modeling can normally
be structural modeling. Since there are no significant
faults in the study area, the inclusion of faults in the
structural model was abandoned and the construction
of the structural model began with the construction of
a three-dimensional network. The study area has di-
mensions of 23000 m in the x direction and 44000 m in
the y direction, which according to the available data,
the dimensions of the cells are considered to be 200x
200m. The dimensions of the cells in the vertical direc-
tion are also considered to be 0.5 meters. In the next
step, well logs scaled up in the grid. The Most of and
Arithmetic methods were used for scale up electro-
facies and porosity well logs, respectively.

In this study, facies probability cubes have been used
to integrate seismic data. The facies probability cubes
are output of a neural network whose input parameters
are seismic attributes and its training data are well fa-
cies logs. Figure 1 shows the final facies probability
cubes used as the trend in the simulation.

Clean Porous LimeStone

& e R
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Fig. 1 The final probability cubes of three different facies
resulting from the neural network process.

For geostatistics facies modeling, sequential indica-
tor simulation was adopted to reconstruct a 3D facies
distribution. In the first step, for different types of fa-
cies, variogram modeling was performed in three main
directions: vertical, maximum and minimum continu-
ity directions. Next, to investigate the effect of using
seismic data in the distribution of electrical facies, SIS
simulation once ran only with the help of well data and
then in addition to well data facies probability cubes
were used as trends in simulation. The interesting re-
sult of this simulation is the approximate appearance
of the channels. Figure 2 compares the simulation re-
sults with the seismic impedance model.

After simulation of reservoir facies, porosity simulation
was performed using SGS method. To investigate the
effect of seismic data and facies model on simulation
uncertainty, at first, the simulation was performed only
with the help of well data. In the next steps, the simula-
tion is performed using seismic acoustic impedance, fa-
cies model and finally, using facies model and acoustic
impedance, simultaneously (Figure 3). To compare the
obtained results, the simulation error at the location of
the blind wells was calculated for each simulation.
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a b g
Fig. 2 Comparison of SIS simulation results (a) without (b)
Using neural network trends and (c) Compare it with acous-
tic impedance.

Fig. 3 Simulation of porosity by SGS method in a common
vertical section and in states (a) No secondary variables and
facies distribution (b) Co-Simulation with acoustic imped-
ance without facies model (c) Porosity simulation using the
best realization of facies model and (d) Simultaneous use
of facies model and co-simulation of porosity by means of
acoustic impedance.
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Conclusions

Because petrophysical properties show high correlations
with different types of facies, facies have often great impor-
tance in reservoir modeling, and the distribution of facies
can limit and control the range of porosity and permeability
changes. In this study, it was found out that the models ob-
tained from SIS and SGS geostatistical methods have high
certainty if there is sufficient data. In this study, the porosity
obtained from the simulation by means of the distribution of
facies and acoustic impedance is up to 87% accurate. Other
results of this study include reducing the simulation error by
using seismic data in areas with less well data. On the other
hand, the use of seismic data and separate variography of dif-
ferent electro-facies has contributed to the SIS method in the
approximate generate of complex features such as channels.

Nomenclatures
SGS: Sequential Gaussian Simulation
SIS: Sequential Indicator Simulation
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