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Introduction

Different parts of Iran have accumulations of
hydrocarbon, and most reservoir formations have
carbonate lithology. Therefore, recognizing the
factors affecting the nature of these reservoirs are
crucial. Overburden pressure is one of these factors
that has a significant effect on the calculation of
reservoir properties such as porosity and permeability.
The overburden pressure can reduce porosity and
permeability in heterogeneous carbonate reservoirs
[1]. As the depth increases, the overburden pressure
increases, and the compaction of the rocks also
increases, and eventually, the porosity and permeability
decrease. The total overburden pressure in the
reservoir is due to the presence of rock and fluid matrix
of the above strata. Experiments of reservoir rocks
at different pressures have shown that by increasing
pressure, the permeability decreases because the
compactness of the rock structure reduces the volume
of cavities [2]. Permeability is an essential factor for
the reservoir because hydrocarbon flow will exist only
if there is sufficient permeability [3]. Due to the high
heterogeneity in carbonate reservoirs, it is necessary
to divide these samples into more homogeneous
categories (rock types) before examining the effect
of pressure on changes in reservoir characteristics.
This heterogeneity is an inherent feature of rocks
that is more common in carbonates. Heterogeneity is
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a general feature in all carbonate reservoirs, and it is
an important factor in reservoir studies, and it causes
variation in reservoir features in space and time [4]. In
determining the rock types of the reservoir, the most
reliable data are core measurements because they are
very accurate and the most important reservoir data,
i.e. porosity and permeability, can be measured based
on the core and reservoir parameters such as porosity
and permeability are affected by overburden pressures.
This study examines reservoir properties at different
pressures based on core study data (including porosity
and permeability) and data from microscopic thin
sections. First, the effect of overburden pressure on
porosity and permeability changes has been investigated
and then various heterogeneity evaluation methods
have been used for Kangan and Dalan carbonate rocks
in the center of the Persian Gulf. First, all data were
reviewed and out-of-range data have been removed.
Afterwards, using a probabilistic distribution diagram,
the data classification boundaries for Winland, Lucia,
flow zone index, porosity range and permeability
range were determined, and in each method, the data
were divided into several categories. Then, the graphs
of porosity versus pressure changes were drawn for
each group, and using the curves of each diagram, the
slope and coefficient of determination were calculated,
and finally, the most effective method to investigate
the effect of pressure on porosity and permeability and
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heterogeneity management was obtained. limestone, carbonate, anhydrite, dolomite and
dolomitic limestone. Changes in the porosity of the

Materials and Methods samples at the pressures tested are shown in Figure 1.

In the present study, 328.85 m of carbonate sedimentary 20

rocks from Dalan and Kangan formations in a field in CE 4 3 2 1 0 1 2

the central part of the Persian Gulf were investigated
in the form of 111 plugs. First, plug samples were

cleaned in the laboratory by Soxhlet method, and one 2000
thin section was prepared from each plug. All sections 2000
were studied under a polarizing microscope and facies ,:’é oo

and diagenesis data were extracted. In addition to thin
section microscopic data, reservoir properties (porosity
and permeability) were measured at 5 different 6000
pressures including 14.7, 2200, 3700, 5000 and 5700 _—
psi at 111 different depths. To evaluate heterogeneity,
Winland method, flow zone index, Lucia, porosity

Fig. 1 Change in porosity by increasing overburden pressures
for tested samples. Samples with positive slopes or less than

range and permeability range were used. In each of these 0.6 R? were ignored in the third stage of calculations. The
methods, by removing the out-of-range data, graphs positive slope of some samples at pressures of 2000 and 3000
of porosity versus pressure changes were depicted. psi is due to change in their textures. The porosity decreases

at higher pressures because of more compaction but it is still

In Winland method and flow zone index, 5 rock higher than the ambient conditions.

groups were obtained and in Lucia method, porosity
range and permeability range, 6 rock groups were
determined. The slope of the porosity curve against

the pressure of each sample was calculated. Then, the between porosity, permeability and pore-throat size
values of standard deviation, mean and coefficient of is calculated at 35% saturation of mercury. Using this

variation of the slgpe of the curves i'n e.ach category method, 5 groups with borders of 0.2, 0.5, 1, 2, 5 and
were calculated. Given that this slope indicates the rate
of change of porosity under pressure, these changes
can be used as an indicator of heterogeneity in each
category. The coefficient of variation of the slopes
for each category was calculated three times: 1. The
coefficient of variation for all slopes 2. The coefficient
of variation for all negative slopes. Due to the fact that
the porosity decreases with an increase in pressure, at
this stage, samples with at least one incremental data
(positive slope) were removed. 3. The coefficient of
variation for slopes with a coefficient of determination
(R2) greater than 0.6. This limit shows that the
porosity changes have gone through the same process
by increasing pressure. The reason for calculating
the coefficient of variation in 3 steps is to study and
compare the amount of this index with each other and
find the best way to evaluate the heterogeneity. Also,
in addition to calculating the coefficient of variation
of the curves of each diagram, the depth, lithology,
facies, porosity and permeability of each sample were
recorded to compare the diagrams and finding the best
method to evaluate the heterogeneity.

The Winland method was used to manage the
heterogeneity. In this method, the relationship

10 microns of throat radius were identified. The values
of porosity, permeability, coefficient of variation and
the predominant material of each category in the
Winland method have been calculated.

In addition to the Winland method, the flow zone
index method is one of the well-known methods
for evaluating heterogeneity in reservoirs proposed
by Amaefule. This method shows the relationship
between porosity and permeability using the reservoir
quality index. Since this study is based on porosity
and permeability data, this method was also used to
evaluate heterogeneity. Using the FZI values and the
probability distribution diagram, the data were divided
into 5 categories with boundaries 0f 0.3, 0.5, 1, 1.5 and
2.5. The values of porosity, permeability, coefficient of
variation and predominant lithology of each category
in the flow zone index method have been calculated.
In Lucia method, the relationship between intergranular
porosity and permeability is established and, as in
the previous two methods, it is used to evaluate the
heterogeneity in reservoirs. The value of rock fabric
number (rfn) is then calculated. Using the rfn value
. . and the probability distribution diagram, data were
Results and Discussion divided into 5 categories with 1, 2, 2.5, 3, 3.5, 4, and
In the present study, the start depth of samples was 5 boundaries. The values of porosity, permeability,
3 99?'5 8 m, and the't'otal depth was 4324.43 m. The coefficient of variation and predominant lithology of
maximum permeability and porosity were 507.85 ., group in Lucia method has been calculated and
mD and 33.55%, respectively, and the minimum compared with the other methods. The remarkable
were 02222 mD and 0%. The average permeability ;10 apout this method is that there was no positive

and porpsity was equgl to _4‘99 mD and 5.5 6_ %. The slope in the 4-3.5 category, so the value of CV, is equal
predominant lithologies in the samples includes to the value of CV1.
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Given that the porosity and permeability ranges may
also affect the porosity and permeability changes with
pressure, the samples were classified based on the
range of variation of these two factors. Data outside
the porosity and permeability ranges were deleted
using the porosity and permeability probability
distribution diagram and the rest of the data were in the
porosity range in several categories with 10, 12, 15, 17
and 20% limits and in the permeability range with 0.3
limits. 0.6, 2, 5 and 11 mD were divided. The values
of porosity, permeability, coefficient of variation and
the dominant material of each category in the porosity
range method compared with the other methods.
To investigate the effect of heterogeneity in Kangan
and Dalan formations, five methods of determining
Winland rock types, flow zone index, Lucia, porosity
range and permeability range were used. Some
samples show porosity increase by increasing pressure,
and they have a positive slope, which it is abnormal.
These samples did not show any special characteristics
in terms of geology and petrophysics compared to
other samples, and as a result, this is only related to
laboratory error. In addition, some samples showed a
coefficient of determination of less than 0.6. All slopes
in each category (both positive and negative) have been
used to calculate CV1. Then, the curves with negative
slopes have been removed in each category, and CV,
has been determined. To calculate CV,, samples with
R? greater than 0.6 have been used.

In a number of samples, with increasing overburden
pressures, the amount of porosity has increased, and
the amount of slope has become positive, which is
not reasonable assuming that no fluid enters or leaves;
therefore, the CV1 value cannot be used to compare
methods. The second CV includes samples with both
R2 less than or greater than 0.6. Therefore, this CV is
not also useable. Given that the porosity of all samples
were measured at 5 different pressures, it was found out
that samples with a positive slope all have a coefficient
of determination less than 0.6. In other words,
slopes show large values and R2 have small values.
Geological characteristics, porosity and permeability
values, facies and lithology of these samples were
studied and no similar trend or characteristics were
observed. As a result, laboratory error has caused such
a deviation.

In order to achieve the best method for determining the
effect of heterogeneity, the value of the third coefficient
of variation was used. According to the calculations,
the porosity range method was not suitable for
comparing the methods due to the inability to calculate
the amount of CV3. The flow zone index method with
a coefficient of determination of -0.56 shows the best
result, followed by the permeability range methods,
Winland and Lucia with values of -0.57, -0.59 and
-0.04, respectively (Table 1).

Table 1 Comparison of coefficient of variation values in dif-
ferent methods. The flow zone index method with the lowest
coefficient of variation is the best method to evaluate the het-
erogeneity in terms of changes in reservoir properties against
pressure in Kangan and Dalan reservoirs.

Methods Cv, Cv, CV,
Winland -1/04 -0/6 -0/59
FZ1 -1.02 -0.66 -0/56
Lucia -0.99 -0/57 -2/04
Porosity -2/18 -0/55 -
Permeabil-| ;o -0/58 -0/57
ity

Conclusions

Results of this study show that porosity averagely
decreases up to 2 % by increasing the pressure to the
maximum of 5700 psi but this increase is very dif-
ferent for various samples. To compare the effect of
heterogeneity on porosity changes with an increase in
pressures, coefficient of variation has been used. Given
that the lower the coefficient of variation is, the better
the classification is, the best method was determined
as flow zone indicator. The porosity range method was
not suitable due to the inability to calculate the amount
of CV; and therefore, it was ignored for further stud-
ies. Samples which showed increasing porosity under
the applied pressures were ignored from further calcu-
lations. The coefficient of variation in each category
was found as CV,<CV <CV . Using the CV, value of
the methods and comparing them, it is concluded that
first the flow zone index method, then the permeabil-
ity range methods, Winland and Lucia are suitable to
achieve the desired objectives.
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