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Introduction

Permeability and its distribution is one of the most
important geological parameters in describing the
properties of reservoir rocks. Core analysis is the most
accurate and reliable way to obtain the permeability
values. The problems of core preparation, i.e. spending
a lot of time and money, have led researchers to obtain
permeability value through indirect methods. One of
these methods is the use of empirical relationships
[1]. Permeability changes in different directions affect
fluid flow, recovery rate, well completion and well
tests [2-5]. Therefore, it is important and necessary to
study permeability changes in different directions due
to the heterogeneity of carbonate reservoirs [6,7]. In
this study, the effect of lithology, texture, facies and
porosity parameters on permeability changes as well
as the ratio of horizontal to vertical permeability in
Kangan and Upper Dalan have been investigated. The
results show what factors change the values of these
permeabilities and control the amount of fluid flow in
the horizontal and vertical directions.

Materials and Methods

The total length of the studied cores were 402 meters
from one well. Four plugs were prepared from each
meter of core to measure the horizontal and vertical
permeabilities. Absolute permeability was measured
by Darcy’ law using air, and the porosity was measured
by Boyle” law using helium gas. Microscopic studies
were performed on 1448 thin sections to evaluate the
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type of lithology, texture and porosity. The percentage
of each component was determined visually from thin
sections through comparison with standard diagrams.

Results and Discussion

Mean of horizontal and vertical permeabilities as
well as porosity were calculated in various types of
lithology, textures and facies. Also, based on studies
performed on microscopic thin sections, 12 facies
groups were identified. Most previous researches
have been performed on the rate of permeability
changes and its relationship with porosity. The present
study investigates the ratio of horizontal to vertical
permeability and the effect of geological parameters
on its changes. Results indicate that with increasing the
amount of dolomite in the rock, the amount of horizontal
permeability becomes more than vertical permeability.
When dolomitization affects the rock comprehensively,
the rock became more homogenized and therefore,
the mean of permeabilities are nearly the same in two
directions. Mean of horizontal permeability increases
compared to mean of vertical permeability with
increasing grains from mudstone to grainstone texture
and also with increasing heterogeneity. The presence
of grains increases the heterogeneity in the rock, and
this heterogeneity increases the ratio of horizontal to
vertical permeability. The results of additional studies
including the amount of cements, micrite and the type
of dominant porosity show that these parameters did
not have a direct effect on the ratio of horizontal to
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vertical permeability in these formations. Also, it was
observed that in general, as porosity increases, the
ratio of horizontal to vertical permeability decreases,
but attention to other indicators shows that porosity
does not control this ratio directly.

Conclusions

Inthisresearch, theratio ofmean ofhorizontal to vertical
permeability in different types of lithology, textures,
and facies groups have been measured in Kangan and
Upper Dalan carbonate formations. Results showed that
as the heterogeneity and the amount of grains increase
in the samples, the amount of horizontal permeability
becomes more than vertical permeability and value of
the ratio of horizontal to vertical permeability will be
higher. Also, dolomitization increases the ratio but at
very high amounts of this mineral (more than 90%)
due to the uniformity and homogeneity of the texture,
the ratio of two permeabilities come closer to each
other. In energetic sedimentary environments and in
the grain-supported facies, horizontal permeability
will be higher than vertical permeability. Therefore,
the ratio of horizontal to vertical permeability depends
on heterogeneity, amount of grains, porosity and
permeability in these formations.
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