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1. Rotokawa

2. Heterogeneity

3. Maximum Horizontal Stress
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1. Discrete Fracture Network (DFN)

2. Stochastic

3. Finite Element Method (FEM)
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8. Crack Tensor

9. Power Law Exponent
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1. Frequency

2. Fisher

3. Normal

4. Uniform

5. Negative Exponential
6. Lognormal
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10. Window Sampling
11. Alghalandis Discrete Fracture Network Engineering (ADFNE)
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Introduction

The studies conducted in the past on rock mechanics
and geomechanical areas of hydrocarbon reservoir
engineering have shown that the determination of
in-situ stresses and the factors that affect the stress
perturbation highly influence these matters [1-2].
Moreover, the consideration of the stress state is vital
to predict the mechanical behavior of the fractured
rock masses accurately. Numerous researches have
been conducted on the determination of in-situ
stresses and the effect of fractured media on tectonic
stress distribution and perturbation. As the role of
stress is critical to understand the geomechanical
behavior of reservoirs better, the most modelings of
mechanical and hydraulic behavior are coupled with
stress variations. One of the recent ways that have
been utilized regarding this matter is by generating
a discrete fracture network (DFN) using a stochastic
approach. In past studies, the evaluation and study
of Stress perturbation are solely based on vector
approaches that individually analyze the magnitude
and direction of the principal stresses [3-4]. However,
in nature, the Stress is seen in the form of a tensor,
both the magnitude and the orientation of stress must
be considered simultaneously. In this study, after a
discrete fracture network was generated stochastically,
local stress variability and shear strain in fractured
rocks were examined at three fracture densities under
various conditions of oblique tectonic stress loading
by the approaches, i.e. by combining numerical and
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mathematical analyses and the tensorial mathematical
equations with each other. Also, since limited research
has been done on the effect of different parameters
of rock and fracture on the stress field perturbation
in previous studies, four different parameters of (1)
rock tensile strength, (2) rock cohesion, (3) fracture
normal stiffness, and (4) fracture dilation angle on
stress dispersion in loading at different angles were
evaluated.

Materials and Methods

The discrete fracture network was stochastically
generated with the model size of L = 1 m. The fractures
were distributed using the uniform distribution
function, and the orientation of the fractures was
determined using the Fisher distribution function in
a completely random manner. The length of fractures
was determined using the power-law model with the
range of / = 0.02 m and /[ = 50 m. Considering
the length exponent of the power-law, 1.5, and three
fracture densities of 80 m-2, 160 m?, and 320 m,
a discrete fracture network was generated. Using
FLAC?P software as a finite difference method, Stress
distribution in response to tectonic stress loading
at different angles (0°, 10°, 20°, ... and 170°) in the
stress ratio of 3 using 30 MPa and 10 MPa tectonic
loading was determined. For the four parameters of
rock and fracture, at least three different values were
considered. For intact rock behavior and stress/strain
shear fracture, the Mohr-Coulomb model was used,



which its mechanical properties are the profile of
limestone rock.

Afterwards, the previously mentioned tensor-based
mathematical equations were used to analyze the
stress data. Also, the Euclidean distance was used to
determine the distance/difference between the local
stress tensor (S) and the mean stress tensor (S). Based
on the tensor-based equations, the higher the variance
is, the more dispersed the stress field is.

Results and Discussion

Based on the analyzed data, the local Sstress
perturbation distribution (d(S, S)) is directly related
to the fracture density, and by increasing density, the
stress perturbation distribution also increases, which it
is seen in Figure 1.

According to the results, by increasing fracture
density from 80 m? to 320 m™, the dispersion of $tress
distribution also increases in different angles, so that
in similar angles, effective variance (V) for fracture
density of 320 m? is the highest, and for 80 m? is
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the minimum value (as seen in Figure 2). It is also
observed that stress orientation has a significant effect
on the local stress distribution and stress variability in
fractured rocks.

Considering the anisotropic tectonic stress conditions
(30 MPa-10 MPa) considered in this paper, the
stress distribution and shear strain pattern are non-
uniform and fluctuate. It is observed that shear strain
is considerable along the longer fractures (greater
length). Moreover, it is observed that the two rock
mass parameters including C, and o, have very small
effects on the changes in Ve, in a way that the effect
of g, can be even neglected. Nevertheless, it can be
said that by increasing C,, Ve values increase by a
slight margin. In general, the angle of fracture dilation
is inversely related to the effective variance, and by
increasing v, the values of Ve decrease. In this study,
by changing the tensile strength of fracture (,,) from
zero to 5 MPa (taking into account the values of zero,
2 MPa, and 5 MPa), no change in each of Ve values
was observed in all $tress loading angles.

Fig. 1 Distribution of local stress perturbation in the fractured rock under tectonic stress loading at different angles for fracture

density sample of P, = 160 m™.
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Fig. 2 Values of effective variance at different stress loading angles at a) fracture density of 80 m?, b) fracture density of 160

m?, and c) fracture density of 320 m?.
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Conclusions

In this study, the effects of (1) fracture density, (2)
loading angle of tectonic stresses, and (3) different
rock and fracture parameters on the distribution of
stress and shear strain in fractured reservoirs were
investigated. Based on the studies which have been
carried out and according to the hypotheses used in this
research, it was evident that the distribution of local
stress perturbation (d(S, S)) and effective variance (V)
(as two parameters representing the variability and
dispersion of total stress in the model) and shear strain
are directly related to an increase in fracture density
(from P, =80 m?to P,; =320 m ,). In the study of the
effect of four different parameters of rock and fracture,
it was observed that kn has a significant effect on stress
distribution. Moreover, rock parameters, including
C.and o, have small effects on Ve changes. Finally,
regarding oblique loading, it was observed that stress
orientation has a significant effect on the distribution
and variability of stress in fractured rocks.

Nomenclatures
DFN: Discrete fracture network

Ve: Effective variance
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