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1. Mercury Injection Capillary Pressure (MICP)

2. Computerized Tomography Scanning (CT-Scan)
3. Special Core AnaLysis (SCAL)

4. Washburn

5. Regression

6. Khuff
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Introduction

Permeability is one of the most important parameters
of reservoir evaluation and management. The size
of the grains that form the rock texture governs the
capillary pressure in the pores and communication
channels. The coefficients of some permeability
models depend on the geometry of the empty spaces
and the heterogeneity of the rock’s interior. Kagan
and Dalan formations are the most important gas
formations in Iran. The main purpose of this study is
to identify the best permeability estimation model in
these reservoirs in the central part of the Persian Gulf
in order to more accurately permeability prediction.
Among the different permeability models and
comparing them with the core permeability, the best
permeability prediction model for Dalan and Kangan
reservoirs is presented.

Geology and Stratigraphy

The studied hydrocarbon field is located in the
central part of the Persian Gulf. In these formations,
diagenesis is mainly controlled by facies, and at the
field scale, it is controlled by stratigraphic boundaries
[1]. One of the most important features of the Dalan
and Kagan formations is their lithological variations at
the centimeter scale, which affect diagenesis and facies
changes and cause reservoir compartmentalization

Accepted: December/26/2020

[2]. The main factors affecting the reservoir include
cementation,  dolomitization,  dissolution, and
compaction which have many effects on reservoir
quality.

Materials and Methods

In this study, 50 mercury injection experiment results
were studied. Porosity was calculated using helium
gas, and permeability was calculated using Darcy's
law. The permeability obtained directly from the core
experiment using Darcy's law and compared with the
permeability predicted by the permeability models, to
identify the best permeability estimation method.

Results and Discussion

Results

Types of Permeability Models

The permeability models used in this study include
Winland [3], Swanson [4], Pittman [5], and Dastiadar
[6]. Each of these models has been calibrated in
specific formations and often with a combination of
both carbonate and clastic samples. Each of these
models is from different parts of the world, and
the samples studied have different deposition and
diagenesis conditions.

To understand the reliability of the studied method,
predicted permeabilities were compared with
laboratory derived data. The independent variable



coefficient of the resulted regression line indicates
the equality of the two numbers, and the correlation
coefficient shows the predictability of the equation.
All of the permeability models which used are in the
Table 1.

Discussion
Winland’s Permeability Model
Carbonate and clastic samples have been used to
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propose Winland permeability model. The model
uses porosity and pore throat radius at saturation of
35% mercury injection to predict permeability. The
porosity factor has no predictable relationship with
the permeability in the carbonates, so the model uses a
pore throat radius of 35% saturation, but in all different
carbonate environments, the two factors cannot be
correlated.

Table 1 Permebaility models used in this study. K is permeability in mD, ¢ is porosity in % and RWGM is the
weighted geometric mean of the pore throat radii in mm, and r 25 is the pore aperture radius corresponding to the
25th percentile of mercury saturation, and (Sb/Pc) A apex of hyperbolic log-log plot of capillary pressure against

mercury saturation.

Permeability models Model Creating model data
Winland Log,; = 0.735+ 0.588log K~ 0.864 logg 56 sandstone 260 carbonate sample
Pittman Log K= =1221 + 1415 logp+ 1.512 log r25 203 sandstone sample
Swanson K =290 (Sb/ pc) ™ 116 carbonate sample
= (-2.51+ 3. +
Dastidar Log (K) = (-2.51+ 3.06 log (¢) 150 sandstone sample
1.641 log (RWGM)((
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Fig. 1 Comparison of permeability models and actual permeability

Dastidar’s Permeability Model

In the Dastidar model, a new coefficient called RWGM
is used. In this model, porosity factors and geometric
mean weight of throat radius are used, and these
factors cannot establish a good relationship between
permeability, porosity and geometric mean weight of
throat radius in different environments.

Pittman’s Permeability Model

This model has been developed using clastic reservoir
samples. In this model, the pore radius and porosity are
used to predict the permeability. Porosity and throat
radius at saturation of 25% mercury injection are used
to predict permeability.

Swanson’s Permeability Model

In the carbonate Swanson model, the maximum
injection-to-pressure ratio is used to predict the
permeability, which it is used with a constant
coefficient to predict the permeability. Based on a study
[7] on permutation prediction models, it was found
out that the Swanson model had the best accuracy
among permeability models. The results can be seen
in Figure 1. Generally, permeability prediction in the
moderate and high permeabilities has better results in
comparison with tight reservoirs (Table 2).
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Table 2 Comparison of line equation and correlation
coefficient of all used models.

Permeability prediction Line equation and coef-
models ficient of determination

y = 0.57x — 447
Winland

R2 = 0.90

y = 0.96x — 10.01
Pitaman

Rz = 0.90

y = 0.75x + 1.14
Dastidar

R? = 0.62

y = 1.35x + 1.21
Swanson

R2 = 0.88
Conclusions

In this study, the permeability estimation results were
obtained in a variety of permeability models, and then
these results were compared with the core permeabil-
ity obtained by the mercury injection experiment as
linear fit. According to the results, the Swanson model
has the highest accuracy and best results in permeabil-
ity prediction. Its equation is y = 1.35x + 1.21 and R2
= 0.88. In the Dalan and Kangan carbonate reservoirs,
Swanson and then Wineland models can predict reser-
voir permeability with higher accuracy, respectively.
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