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5. Discrete Fracture Network (DFN)
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1. Coulomb Friction Law
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1. High mud Pressure and Low Pore Pressure
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1. Stereogram

2. Rosette

3. Fisher Distribution
4. Fracture Intensity
5. Gauss

6. Baecher

7. Fractal
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Medioerity extent
Length: L = * A L = 4T

Background fracture
Length: byq = + T8, by, =+ ¥8
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Large extent
Length: Ly =1 b =71
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Introduction

Wellbore instability is one of the major issues in deep
drilling operations in oil and gas industry. In this study,
a three-dimensional model DEM method is developed
to simulate a wellbore drilled in fractured rock mass.
To create 3D model of fractures, discrete fracture net-
work approach was used.

Numerical model
Validation and analysis

In order to analysis the stability of wellbore, initially
a basic model was created. Model was generated for
5 layers and then the yield zone around the wellbore
was validated against caliper log measurements. In the
numerical analysis conducted herein, problem domain
presented as a 2x2x3 m block. A circular vertical
wellbore is drilled with a diameter of 0.20 m. In Fig.
| Geometry of model, boundary conditions and a
layered numerical model from depth 2700-3164 m is
presented. The geomechanical properties of the layers
and caliper log are shown in Fig. 1.

The problem domain is considered to be in a deep-
seated environment with a vertical stress gradient of
25 MPa/km. Therefore, a constant load o, equivalent
of overburden rock mass is inserted using following
relation:

TVD
oy =

surface

pgdz (1)
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Fig. 1: (a) Geometry of model. (b) five-Layer of formations.
(c¢) Boundary conditions of model. (d) Calipers log. (¢) Geo-
mechanical properties of the layers.
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Where, TVD is true vertical depth, p is the density of
overlying strata, g is the acceleration due to gravity
and dz is the change in height. Similarly, major and
minor horizontal stresses (6, and c,) are aligned with
x-axis and y-axis. Initial pore pressure in the wellbore,
associated with groundwater pressures is assumed to
be 10 MPa/km. Intact rock block between fractures
is modelled as Mohr-Coulomb material. In this study
the results of DEM were validated against field data.
To reduce computation time of the model, each rock
formation was simulated separately with a preferred
vertical depth to avoid boundary effects. Then stability
was assessed separately by analyzing deformation
around wellbore. The effect of discontinuities was
assessed by measuring shear displacement at 12
monitoring points. To investigate wellbore stability,
initially the model is run as a base case. Mechanical
boundary is applied at the wellbore to observe the
plastic zone which is a significant indication of rocks
being deformed around the wellbore.

Fig. 2 shows the development of yielded zone around
wellbore for five rock formations investigated in this
study. The amount of yielding is measured to define
the deformation around the wellbore. R is the radius
of normalized yield zone, whereas, rw is wellbore
radius. In Fig. 2, graph named as “Caliper data” shows
the Yielded zone which is obtained by the caliper log
measurement. Other graph demonstrates the yielded
zone obtained by numerical modelling. It may be
seen that there is a good agreement between field
measurement and simulation results, therefore, the
method practiced in this study is relevant to estimate
wellbore stability in fractured rock.

@
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Fig. 2: (a) Yielded zones around wellbore for each rock
formation. (b) Comparison chart between DEM simulation
and field measured results, yield zone measurement for each
formation.

Stochastically representation of natural
fracture networks

In this study, the definition of a 3D numerical model
for fractures is based on discrete fracture network.
A ““discrete fracture network” (DFN) refers to a
computational model that explicitly represents the
geometrical properties of each individual fracture (e.g.

orientation, size, position, shape and aperture), and the

topological relationships between individual fractures
and fracture sets. In this paper, based on the structural
maps of the fractures in the region, statistical data and
probability distribution functions, three-dimensional
models of fracture networks have been created. In Fig.
3, the structural characteristics of the fractures and the
three-dimensional model of the fractures network are
shown.
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Fig. 3: (a), (b) The dip and dip direction of the fractures in
two different categories. (c) Discrete fracture network 3D

model (Vertical cross-cutting) and summary of parameters
used to generate the three fracture sets.

Hydromechanical analysis

The effect of changes in fluid viscosity from 1 to
1000 cP was investigated. The change in fluid rate
is from 20 to 200 barrel per hour. The results of
hydromechanical analysis showed that the shear
displacement increase in high fluid flow rate and also
an increase in fluid pressure at lower injection rates
was observed. Similarly, by increase fluid viscosity an
increase in shear displacement in discontinuity plates
was observed (Fig.4). As the flow rate in the wellbore
is increased, mud starts to penetrate into fractures and
lead to decreasing normal stress of the discontinuity. As
a result, shear displacement is experienced along the
discontinuity. Similarly, increasing wellbore pressure,
increases tensile stress and result in tensile failure.
When viscosity is low, drilling fluid cannot generate
slip and tensile failure, therefore, pore pressure has
less chance for dissipation. Because of presence of
large number of fractures in the vicinity of wellbore



and complex ity of the behavioral mechanism in
this system, identifies and determines the dominant
behavioral conditions becomes very difficult. Changes
in shear displacement versus increase fluid injection
rates and viscosity, indicate a predominant instability
behavior in wellbore. Increase shear displacement
along the joints lead to a reduction in directional
deformation. The dominant influence of fluid viscosity
is expressed in the form of higher fluid density and
increased shear friction in the pathway through the
fracture network (Fig.4).
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Fig. 4: (a), (b) Effect of flow rate on shear displacement and
fluid pressure in simulation results. (c), (d) Effect of drilling
fluid viscosity on shear displacement and fluid pressure in
simulation results.

Results and conclusion

The insights gained in these three-dimensional
DEM simulations presented in this study were
aimed at understanding geomechanical influence on
wellbore stability in naturally fractured rocks. The
results clearly indicate the complexities of drilling
in discontinuous rock medium. Simulation results
shows that wellbore stability largely depends on the
rock strength. These simulations were then compared
to caliper log. Hydromechanical model termed as
‘DEM’ seems to be following the same trend as ‘Field
measurement’ which is deformation extracted from
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caliper log. Simulations show very good match with
field measurement with small discrepancies. As part
of parametric study, the effect of mud flow rate, and
fluid viscosity on the wellbore stability was evaluated.
Changes in flow rate showed a clear effect on the
amount of tensile failure being triggered as a result
of flow rate. Increases in flow rate, greatly increased
amount of tensile failure within the model. These
results were expected as higher flow rate translate into
higher injection pressures and more energy available
for rock failure near the wellbore. Furthermore, the
results suggested shear failure around the wellbore,
increases with an increase in flow rate. This behavior
suggests the very interesting possibility of using flow
rate as a parameter to actively control the amount and
type of failure to be generated during fracturing. The
amount of tensile and shear failure generated as a result
of fluid injection showed a very distinct response to
changes in fluid viscosity.
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