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Fig. 2. Performance and behavior of the flat bond model[16,
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Fig. 3. Force and moment on the element in two-dimensional
mode[15, 14]
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Fig. 6. a) Sample before loading, b)Sample after loading and
breaking by 2 loading jaws on top and bottom of the sample
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Fig. 4. a) Sample before loading b) Sample after loading by 2
loading jaws which are the 2 red walls on top and bottom of

the sample c) Indicates red shear cracks and black tensile
cracks after loading
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Fig. 7. Force (N) — cycles diagram of the sample under loading
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Abstract

Hydraulic fracturing is a new and widely used method for extracting reserves and energy resources in the
depths of the earth. In the near future, due to increase in energy consumption on the one hand and depletion of
energy reserves on the other, using of this method will become a necessity. One of the most important and
effective parameters in this process is the pressure and how it is applied in order to create fractures and fracture
progression in rock layers. Another important parameter is the interaction between pre-existing natural
fractures with different angles and hydraulic fracture.

Due to the high costs of this process, the purpose of this study is to achieve the optimal state for the maximum
progress of hydraulic fracture and the lowest amount of breakdown pressure at the same time. Numerical
modeling was performed in two dimensions by Particle Flow Code (PFC) software from Itasca Company on
samples of Pocheon granite rocks with brittle behavior using distinct element method. PFC software uses
circular disks in two dimensions to construct and make the sample using distinct element method. These
particles are in contact with each other through bonds. In this program there are walls that interact with these
disks to apply load on the sample. The flat joint model is used in order to create contacts between particles,
and discrete fracture network is used to create pre-existing natural fractures for interacting with hydraulic
fracture.

Given that in the distinct element method (PFC software) our sample consists of a large number of particles
in two dimensions that the general characteristics of the sample are formed based on the interaction between
these particles, so we need parameters as input data to our software, existing disks and the link between them,
to finally obtain the specifications of the same laboratory sample after modeling. These specifications and
input data are referred to as micro parameters, and the final specifications, which are the same as our
mechanical parameters in the laboratory, are referred to as macro parameters -

To find the micro parameters of the sample we use the trial and error method. Here, our modeling is based
on Brazilian and uniaxial compression experiments and performed by Zhuang et al. laboratory investigations.

Due to the limitations of PFC software for fluid flow modeling and limitations for using of CFD relationships,
pressure equals to fluid pressure can be used as a new solution. In this way, by modeling a number of walls
that form a complete circle with overlapping each other, and by considering the servo control mechanism, we
move them in the opposite direction of their normal vectors and off-center, creating a comprehensive pressure
which is actually same as the fluid pressure. From the obtained results, it was found that with increasing the
loading rate, the sample reaches the breakdown pressure and breaks in less time, but the amount of breakdown
pressure increases. Also, by increasing the natural fracture angle relative to the horizon (clockwise), the
specimen breaks at a lower breakdown pressure. Finally, by increasing the natural fracture distance from the
center of the sample, the effect of the presence of the joint in the sample decreases and the breakdown pressure
approaches the seamless state.

Keywords: Hydraulic fracture, Natural fracture, Distinct Element Method, Breakdown pressure, Particle Flow
Code Software
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