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Introduction

A high percentage of the world's hydrocarbon
reserve, especially in the Middle East, is located in
fractured reservoirs [1]. A natural fractured reservoir
is a hydrocarbon-bearing formation that has fractures
(plate discontinuities). These fractures are created by
natural mechanisms such as folding, faulting, volume
shrinkage, etc. in the formation. Dual continuum model
is a common method for simulating fracture systems,
and it is widely used in the petroleum industry [2].
Discrete fracture models are other types of models for
simulating the fracture systems. Considering the effect
of each single fracture on the fluid flow in the reservoir,
these models provide a more realistic representation
than other models. Many studies have been conducted
on various aspects of natural fractured reservoirs such
as modeling and estimating fracture properties in
order to investigate the main factors affecting the flow
in fractured reservoirs and the uncertainty associated
with them [3-9]. In most of the published papers,
the sensitivity ranges of fracture parameters were
not estimated, and the importance of some fracture
parameters (e.g., orientation) was neglected. In this
research, a comprehensive study was conducted on the
geometrical parameters of the fractures in the single
and multi-fracture network, and a comprehensive
understanding of the effect of fracture parameters on
the flow behavior of the studied reservoir was obtained.

Materials and Methods
In this study, by constructing two discrete fracture
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models of a single fracture and a fracture network with
a relatively random distribution, an attempt has been
made to study and examine the fracture properties more
precisely. In the single fracture model, the synthetic
reservoir (a cube with a length of 1 m) only contains
a square shape plate (as a fracture) with a length of
1 m, which is located at the same distance from the
production and injection wells, and it is parallel to the
diameter of the upper face of the cube. In the multi-
fracture network model, there are more fractures but
with shorter length between injection and production
wells. We designed experiments to investigate the
effect of fracture length, opening, orientation and
dip for the single fracture model and the mentioned
parameters along with the intensity of fractures for
the fracture network on the flow rate of production
well. Comsol Multiphysics 6.0 software package was
employed to run the required simulations.

Results and Discussion

This research examines the most important fracture
parameters and identifies their sensitive ranges. Next,
by knowing the sensitivity range of these parameters
and their effect on the permeability of the reservoir,
sensitivity analysis was performed. With the increase
in the length of the fractures, the length of the preferred
path for the fluid passage increases, and as a result,
the flow rate of production wells and the average
permeability of the reservoir increase.

Due to the fact that the fractures creates a highly
permeable path for fluid flow, the smaller the angle
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between the fractures plane and the direction of fluid
movement, the more fluids will pass through it and
the fractures will have a greater effect on improving
permeability. The permeability of the gap has a direct
relationship with its opening, and with the increase
in fracture opening, the permeability of the gap
increases significantly. According to the results, with
the increase in the fracture dip, the mass flow rate of
the production well and the dynamic permeability of
the reservoir increase. The intensity of fractures has a
direct relationship with the dynamic permeability of
the reservoir. The reason is that with the increase in the
fracture intensity, the number of fractures increases,
and a longer and more continuous permeable path is
created for the fluid flow.

Conclusions

In this research, a comprehensive study was conducted
on the geometric parameters of the fractures.
The sensitivity range of fracture parameters was
determined and then, the sensitivity of the reservoir
performance was measured with respect to them.
Finally, the most important fracture parameters
in single and multi-fracture network models were
determined. The most important parameters affecting
the dynamic permeability of a single-fracture model
are opening and orientation. In the case of the multi-
fracture network, fracture intensity is added to the set
of most important fracture parameters.
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