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Introduction

Porosity and permeability are important parameters
of the reservoir rock, the estimation of which plays
a key role in the exploration of hydrocarbon fields
and the prediction of subsequent drilling in the field.
Therefore, the production performance of the reservoir
can be increased through evaluating these parameters
[1]. Various methods are used to estimate the amount
of permeability, but the method using wireline well-
logging charts and artificial neural networks is more
popular due to its high accuracy, low cost (compared
to the coring process) and simplicity. In simulation,
accurate permeability estimation is necessary due to
the process of recycling hydrocarbon reserves [2].
The data obtained from wireline well-logging charts
is of great importance in the process of permeability
estimation and simulation due to lower costs and
consistency in charting rate and accessibility in most
or all field wells [3-4]. The main purpose of this study
is to estimate the permeability as the most important
reservoir parameter with the help of artificial neural
network and its modeling to determine the expansion
and dispersion of the reservoir potential in the field.
Based on the results of this model, reservoir zones are
created from non-reservoir and apt zones for further
excavations in the field.

Geological Setting

During the Late Jurassic-Early Cretaceous, a
widespread regional regression took place in the
Kopet-Dagh and red bed siliciclastics of the Shurijeh
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Formations were deposited in nonmarine to delta and
shallow marine environments [5-8]. The siliciclastic
sandstone, siltstone and claystone grade into mixed
saltsiliciclastic sediments to the east. Lower Cretaceous
siliciclastic rocks change gradually into conglomeratic
lithofacies toward the south and southeast of the
basin. From a stratigraphic view, it is composed of
pebbly sandstone, sandstone, siltstone, claystone and
shale with thin anhydrite interbeds in the Khangiran
and Gonbadli fields, which pass southwards and
southeastwards into conglomeratesandstone facies, as
seen in Figure 1. The siliciclastic Shurijeh Formation
was deposited in proximal braided rivers with gravely
bed load in the lower part and sandstoneshale deposits
in fluvial to shoreline and shallow marine environments
in the upper part in the outcrop belt [9-11]. According
to previous studies, this formation is divided into five
reservoir zones, of which sand zones B and D are the
main reservoir zones, and zones A, C, and E generally
do not have suitable reservoir properties [12].

Materials and Methods

In this study, to estimate and simulate permeability
in the field, the data obtained from seven wells were
examined. All the wells of interest have their wireline
well-logging charts created, but the core analysis
data of only three wells are available. In this study,
to estimate the permeability, the relationship between
each of the wireline well-logging charts and the
permeability, based on the regression coefficient, was
investigated.
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Fig 1. A: Location of the gas fields (red area). Major gas fields: 1: Dauletabad; 2: Gonbadly; 3: Khangiran; 4: Shaltyk; 5:
Bayram-Ali, White dash line: country boundary, B: Stratigraphic chart of Kopet-Dagh Basin [13].

Finally, neutron, density and sonic logs, useful porosity
and water saturation obtained from the evaluation
of the formation with the best regression coefficient
and high correlation with permeability were selected
to construct a multilayer perceptron neural network
model. After ensuring the performance and accuracy
of the neural network in the test well, permeability
was estimated for wells without data. Then, in order
to simulate permeability and determine the expansion
and dispersion of reservoir zones from non-reservoir
and areas prone to later drilling in the field, modeling
was performed in Petrol software.

Results and Discussion
After creating wireline well-logging charts bases on

permeability, the charts that had the highest correlation
coefficient with permeability were selected based on
the regression coefficient. Neutron, sonic and density
wireline charts and the results of the formation
evaluation including useful porosity and effective
water saturation have been selected as inputs of the
artificial neural network. After comparing the different
algorithms available for network training, with least
Mean squared errors (MSE), the “trainlm” algorithm
was selected as the optimal method for all three
categories of training, validation and testing. As shown
in Figures 2 and 3, which show the actual permeability
with neural network estimation, the test wells have up
to 98% accuracy in the estimation.
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Fig. 2 Comparison of measured core permeability and predicted values in test well (KG-001).
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Fig. 3 Plotting neural network construction inputs and comparing measured core permeability and predicted values against the

depth of the test well (KG-001).

Due to the high accuracy of real and estimated
permeability estimation, the correct operation of the
network was proved with certainty. Finally, with the
help of a neural network with the mentioned structure
for other wells that did not have core analysis data,
permeability was estimated to enter the construction
of the simulation process as an input in the next step.
In each study, simulation is necessary to determine the
distribution and expansion of each reservoir parameter
and to predict the location of subsequent drilling in the
field. Therefore, in this study, after correctly estimating
the permeability in all available wells, we constructed
a three-dimensional model. Initially, construction

model and reservoir networking were done based on
land statistics and after the process of magnification
and data analysis with the help of Sequential Gaussian
Simulation algorithm, the distribution and diffusion
permeability in the whole field was determined.
Based on this, high permeability is associated with
predominantly high-energy sandstone zones B, D2,
and D1, and low permeability is associated with low-
energy environments. The distribution and expansion
of permeability in Figure 4 show that the northwest
and central part of the field have better reservoir
quality due to higher permeability than the southern
and northeastern part.

g .

Fig. 4 Permeability modeling results: A: Sequential Gaussian Simulation (SGS) for the whole Shurijeh Formation, B: Filtered
Sequential Gaussian Simulation (SGS), C: Map of average permeability in the whole sequence of Shurijeh Formation.
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Conclusions

The main purpose of this study is to estimate the
permeability with the help of artificial neural network
in Shurijeh Formation and to simulate this parameter
in one of the gas fields of Kopeh Dagh sedimentary
basin.

1- The results of this study show that the use of neural
network in the network testing phase can estimate the
permeability in wells whose data has not been used in
network training with very high accuracy (98%). This
accuracy expresses the network’s ability to understand
the relationship between input and output data, as
well as proving the network’s accuracy in calculating
permeability in wells without core data.

2- Sequential Gaussian Simulation method as a random
estimation method can simulate reservoir parameters
(permeability) with great accuracy as well as
understanding the distribution and three-dimensional
expansion of this parameter in the distances between
wells of Shurijeh Formation. The high amounts of
permeability are mostly associated with the sandstone
areas of the Shurijeh Formation, which are often
concentrated in reservoir zones B, D2, and D1. Zones
in which the ground bed is a mixture of shale, sand and
carbonate are characterized by low permeability. Also,
the distribution and dispersion of permeability in the
field, indicates that the northwestern and central areas
of the field are areas prone to further excavations in
the field and the southern and eastern regions have less
production potential due to lower average permeability
than the northern and western regions.
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