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ABSTRACT

The simulation of naturally fractured reservoirs (NFRs) is an extremely daunting and
challenging task. The most important and difficult aspect of modeling a naturally
fractured reservoir is the accurate estimation of the fluid exchange between matrix and

surrounded fractures, which is modeled via a shape factor.

The main focuses of this dissertation are the characterization and understanding as to how
shape factors are utilized for modeling non-isothermal, fracture-matrix fluid exchange in
fractured reservoirs. The intention of this research, therefore, is to achieve a better
understanding of the matter exchanges between fractures and matrix blocks in a dual-
porosity system by defining an appropriate transient matrix-fracture shape factor
formulation that accounts for a multiphase flow system in thermal reservoir simulation of
naturally fractured reservoirs. A novel and more general technique are developed for the
exchange of fluids between the matrix blocks and the surrounded fractures. The concept of
a new transient shape factor is introduced for non-isothermal, dual-porosity models and
validated against the most current shape factor formulations. In this study, the CMG
STARS simulator is used to estimate and validate the proposed transient shape factor. A
MATLAB code is developed and coupled with the CMG STARS to compute transient
shape factor (TSF). This new technique describes the most appropriate way of treating a
shape factor to capture the pertinent features of non-isothermal fluid flow in NFRs. A
robust transformation function (T.F) formulation is developed between the fractures and

the matrix for a better representation of a dual-porosity system in thermal recovery. The
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proposed transient shape factor (TSF) model is validated against a fine grid single porosity
model and an historical field data to confirm the model capability for reproducing accurate
physical processes and recovery mechanisms. The results clearly demonstrate that a
constant value of the shape factor (e.g., Kazemi’s formulation) cannot be used to predict
the overall performance in dual-media systems due to invalid assumptions. The
conclusions from this study clearly show that a suitable and accurate transfer transient
shape factor is required for an appropriate modeling of a thermal recovery process in NFRs

when using dual-porosity formulations.
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CHAPTER 1

Introduction

There are a significant number of naturally fractured reservoirs (NFR) in the world that
contain heavy and extra heavy oil, which are important resources. In fact, fractured
petroleum reservoirs represent over 20% of the world’s oil and gas reserves (Saidi, 1983).
For instance, the Upper Devonian Grosmont, which is composed of limestone and
dolomite formations in the north—central regions of Alberta, Canada, contains close to 64
billion m® (406 billion barrels) of bitumen in place. This is one of the largest carbonate
bitumen deposits in the world and is characterized as a heavily fractured formation with

relatively high matrix porosity and permeability.

Due to the multi-scaled character of fracture networks and their high degree of
heterogeneity, the characterization of fractured reservoirs is extremely complex. It is
unquestionable that modeling and simulating these types of reservoirs are different from
conventional modeling in that they require many different techniques to overcome the
severe complexities of multiphase flow dynamics. Therefore, single-medium numerical
simulators cannot capture the two-scale heterogeneity and two-flow regimes behavior.
Fractures can alter the porosity and/or permeability of a reservoir (Nelson, 2001),
resulting in a more complex fluid flow compared to non-fractured reservoirs. The
concept of treating NFRs as a dual-porosity system was introduced by Barenblatt et al. in

1960. The dual-porosity approach has been the most popular and effective technique to
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model naturally fractured reservoirs where the fracture and matrix systems are separated
into two different continua, each with its own set of properties. A classical dual-porosity
model utilizes transfer functions to model the matrix-fracture interactions. Two flow
systems are assumed to be superimposed and are connected by a transfer function (TF) to
represent the fluid exchange term between the fractures and matrix blocks. The injected
fluid (water or gas) can move much faster in the fractures than in the matrix blocks,
which causes the transfer of fluids to take place between the fractures and matrix.
Therefore, the matter of fluid velocities is very important in naturally fractured reservoirs
(Ramires et al., 2007). There have been a number of attempts over the last 50 years to
develop methods for a better understanding of impacts of the fracture systems on oil
recovery. Most of the naturally fractured reservoirs exhibit two flow regimes: the flowing
or fractured region, which carries most of the flow, and stagnant matrix blocks, where
most of the hydrocarbons are stored. Simulation of the naturally fractured reservoirs is a
challenging task; in particular, representation of the correct behavior of the recovery
mechanisms in a flow model is extremely difficult. The dual-medium modeling of
naturally fractured reservoirs is a possible solution by idealizing a reservoir as a set of
disconnected matrix blocks within a highly conducted fracture network (Abushaikha et
al., 2008). Consequently, in order to understand the optimal recovery mechanisms,
numerical simulation models require an adequate transfer function between the fracture

networks and matrix blocks, which models via shape factor.

Comprehension of the correct behavior of the recovery mechanisms in naturally fractured

reservoirs in flow simulators is a challenging task, especially for heavy and extra heavy oil
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reservoirs. There is a big gap and lack of knowledge of exclusive and an adequate shape
factor value, which is critical for accurate modeling of a dual-medium system particularly
for thermal recovery. The concept of a shape factor for modeling NFRs was originally
introduced by Barenblatt in 1960 (van Heel, 2006). Since then, different formulations have
been proposed by researchers mostly to improve the understanding for conventional oil
recovery mechanisms (Warren and Root 1960, Kazemi and Gilman 1983, Lim and Aziz
1994, Coast 1989, Thomas 1983, and others). A matrix-fracture transfer shape factor is
one of the most important parameters in the modeling of these reservoirs. A shape factor
considers the fracture-matrix geometry and is defined as a cross-sectional area for fluid
transfer per unit volume divided by fracture spacing. Though this parameter is still not
very well understood, it can be described as a geometrical factor that partially governs the
flow behavior between the fractures and the matrix blocks. Most of the existing
derivations of the transfer shape factor are based on the assumption of a pseudo-steady
state condition, which is the main limitation of these formations. It is important to note
that when a fractured reservoir is exposed to relatively significant pressure or temperature
differences, the pseudo-steady state concept gives a large error compared to transient
formulation of fluid exchange between the matrix and fractures. Nevertheless, an
appropriate transfer shape factor is required for accurate modeling of thermal recovery
processes in naturally fractured reservoirs. Thus the fracture-matrix fluid interaction is still

an active area of research.

This research study is divided into four main sections. The first section focuses on the

rate of exchange between the fractures and the matrix when the matrix blocks (fine-grid)
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are surrounded by fractures in a water-oil (bitumen) system, based on a single-porosity
simulation model for a thermal recovery method. This result provides a possibility to
benchmark the most common models such as the Warren and Root 1960, Kazemi (1984)

and Gilman (2003), Lim and Aziz (1994), Coats 1989, and Thomas et al. (1983) models.

In the second section, the concept of a transient shape factor (TSF) is introduced, which
leads to the derivation of a new Thermal Transfer Function (T.T. F) for non-isothermal
recovery processes. The results are verified with a fine-grid single-porosity model and

compared with the most current shape factor formulations.

The third section focuses on sensitivity studies to identify some of the important factors
that have the largest impact on the deviation of the dual-medium model with the use of

Kazemi’s shape factor formulation from a reference solution.

Finally, the results of the sensitivity studies above help to better describe the concept of a
transient shape factor (TSF), which is validated against historical field data to confirm the
capability of the proposed model for reproducing more accurate reservoir fluid dynamic

processes and improved modeling of the oil recovery mechanisms.
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The thesis includes seven Chapters. Chapter 1 is a quick overview on modeling naturally
fractured reservoirs. Background and an extensive literature review are presented in
Chapter 2. Chapter 3 discusses the statement of the problem and motivation for this
work. The concept of the new Transient Shape Factor (TSF) is introduced in Chapter 4.
In this chapter, a new derivation of a time-dependent shape factor for thermal reservoir
simulation is introduced and a MATLAB code is developed and coupled with the CMG
STARS reservoir simulator to compute the transient shape factor (TSF). Chapter 5 is
mainly focused on some of the important factors that have the largest impact on the
deviation from a dual-medium model with the use of Kazemi’s shape factor formulation.
In this section, sensitivity studies for the main parameters are performed and the effect of
each parameter is compared and validated against a reference solution. Chapter 6 covers
the model validation, where historical field data is used to validate the proposed transient
shape factor concept. Chapter 7 highlights a summary of the key outcomes of the thesis
and conclusions accomplished throughout this study and offers a discussion for potential
future research work for the development of thermal reservoir simulation in naturally

fractured reservoirs.
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CHAPTER 2

2.1. Background and Literature Review

In this chapter an historical view of various shape factor formulations for simulating a
dual-porosity system is presented. The dual-porosity approach is one of the most efficient
methods to model fluid flow in fractured reservoirs, where the matrix and fractures are
separated into two different media, each with its own properties. The concept of a dual-
porosity system was introduced by Barenblatt et al. in 1960, which is widely used to
model the behavior of naturally fractured oil and gas reservoirs (Wuthichmarn, 2011).
The complexity of modeling NFRs is mostly attributed to the highly heterogeneous and
anisotropic nature of the fracture systems. Due to the multi-scaled character of fracture
networks and their high degree of heterogeneity, characterization and modeling of
fractured reservoirs is a very challenging task. Most of naturally fractured reservoirs
exhibit two flow regimes, the flowing or fractured region, which carries most of the flow,
and stationary matrix blocks, where most of the hydrocarbons are stored. These two flow
systems are assumed to be superimposed and are connected by a transfer function (TF) to
represent the exchange term between the fractures and the matrix, which is dependent on
a shape factor. In all fractured reservoirs, the main concern is the rate of matrix-fracture
fluid transfer which is directly related to the fracture intensity of the open connected
fractures (Gilman et al., 2011). In order to understand the optimal recovery mechanism,
numerical simulation models require an adequate transfer function between the fractures

and matrix, which is modeled via a shape factor.
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During the past 40 years several formulations have been proposed for the matrix-fracture
transfer function in dual-porosity flow simulation. An extensive literature review is
conducted to establish a detailed understanding of the existing state of knowledge of the
matrix-fracture transfer function (TF) over the past few decades. Nonetheless, it is fair to
say that the current studies of the dual-medium formulations have been mainly based on
the conventional oil recovery methods. Therefore, this shape factor function is not yet
fully understood for thermal recovery mechanisms, especially for fluids such as bitumen
with extreme thermal viscosity fluctuation. As a result, there is a significant unknown in
modeling of fractured reservoirs in thermal flow simulation. Hence any projection model
would be extremely affected by the accuracy of the matrix-fracture transfer function

(shape factor).

2.2. Transfer Function (TF)

It is unquestionable that modeling and simulating of fractured reservoirs is different from
conventional modeling and is a very complicated and challenging task. This is primarily
due to the multi-scaled character of fracture networks, their high degree of heterogeneity,
and complex interaction of the various mechanisms that govern mass and energy transfer.
The standard single-medium numerical simulators cannot fully capture the nature of the
two scale heterogeneity (Abushaikha, 2008). The concept of primary and secondary
porosities (dual-porosity) was formulated initially by Barenblatt et al. (1960), where the
primary porosity region (matrix) contributes significantly to the pore volume but yields

negligible contribution to the flow capacity (Warren and Root, 1962). Therefore, an
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idealized model was developed to characterize and study the fluid interaction between the
matrix and fractures, where the matrix blocks were assumed to be isotropic and
homogeneous, while the fracture networks were hypothetically represented by identically
rectangular spaces with no direct communication between one another through the matrix

blocks. Figure 2.2.1 shows the idealization of a NFR system (Warren and Root, 1963).

Matrix

Fracture

Ly A
Ax y

One Matrix Block Idealized Model Reservoir
Surrounded by Fractures One Gridblock

Figure 2.2. 1: Idealization of an NFR system (Warren and Root)

Warren and Root (1963) introduced the theory of the transfer function using single phase
flow and a pseudo-steady state assumption (i.e., a single saturation/pressure value in the
matrix) in the context of well testing for a dual-porosity system, on which most of the
current developments pertaining to transfer functions are based. Generally, a transfer
function should account for imbibition, gravity drainage, fluid expansion, and molecular
diffusion, all of which are important, depending on the main recovery mechanisms. A
mathematical model was developed based on the continuity equation for a 2D slightly

compressible fluid in a fracture (Equation 2.2.1). The first part of the equation governs
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the fluid flow in the fracture system, and the second part represents the fluid flow in the

matrix system for a dual-porosity system:

9“P a2p
1/ n(Kex o+ Key 5,2~ omCm Pm = PeC¢ — (2.2.1)

The fluid transfer per unit bulk volume between the matrix and the fracture system is
proportional to the difference between the fracture pressure and the average matrix block

pressure, which is termed the transfer function (Warren and Root, 1963):

T = GE(P“‘ — PH (2.2.2)

where T is the transfer function (1/sec), o is defined as a shape factor (1/m?), K is the
matrix permeability (md), p is the fluid viscosity (c.p), P is the pressure (atm), and
subscripts f and m are for the fracture and matrix denominations, respectively. The
matrix-fracture transfer shape factor (o) has the dimension of a reciprocal area, L. The
shape factor is defined as a cross-sectional area for fluid transfer per unit volume divided
by fracture spacing. The following expression is for the shape factor obtained by Warren
and Root (1963), which reflects the geometry of the matrix sections and controls flow

between the fracture and matrix media:

__ 4AN(N+2)
0o = T (2.2.3)
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where N is the number of the set of fractures (1D, 2D or 3D). For cubic matrix blocks
having a fracture spacing of L, then ¢ has the value of 12/ L?, 32/ L?, and 60/ L? for one,

two, and three dimensions of fractures, respectively.

In another work, the application of a shape factor in dual-medium numerical simulation
was presented by Kazemi et al. over 40 years ago (1976), and has been used in the most
commercial simulators since then. Kazemi et al. (1979) have idealized a reservoir with a
set of uniformly spaced horizontal layers and a set of fractures acting as spacers (Figure
2.2.2). They extended the Warren and Root formulation to a multiphase flow system by
utilizing the phase relative permeability in the matrix-fracture interaction term and
solving a dual-porosity model in three dimensions numerically, assuming that the
fractures form a continuum, while the matrix blocks are non-continuous (fractures are the
boundaries of the matrix blocks). Gilman and Kazemi (1983-1986) continued improving
their model by adding a gravity term and making it saturation dependent (Abushaikha,

2008).

Matrix Fractures

B
]

Figure 2.2. 2: Idealization of an NFR system (Kazemi)
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The finite difference equations of flow equations for the dual-porosity systems are given

as follows (Kazemi et al., 1976):

For fractures:

. V
(S04,0,8(5, 109,05 |t ={ 0 (05,,)]
, ,

s / (2.2.4)
For matrix:
v ,
T = {EAi (¢‘Sppp)}
’ (2.2.5)
where the transfer function is defined as
Tmf = kaO-/lppp |:(pp - VPD)f _(pp - pr)m:| (2 2 6)

A further modification of the original Kazemi’s transfer function was presented by
Gilman and Kazemi (1983) to include fracture relative permeability, where fluid was
flowing from the fractures to the matrix. The w, is a weighting factor which varies from

0to 1 and is equal to 1, if flow is from the matrix to the fractures (Sarma, 2003).

7, =k Va{@A,, +(1-0,)4,|p, [(pp ~1.D),~(p, - }/PDH 2.2.7)
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Kazemi et al. (1976) developed a numerical algorithm (using finite differences) to solve
the fracture flow equations and derive the matrix-fracture fluid transfer. They proposed
their shape factor formulation based on a direct material balance on a cubic matrix block
under the assumptions of a pseudo-steady state condition in terms of fracture spacing

with a coefficient of o = 4 for a system with uniform fracture spacing of Lk:
o= a¥"d, 1/Li (2.2.8)

For an isotropic rectangular matrix block, the shape factor was described as

o =4[1/1%, +1/1%, +1/1%,] (2.2.9)

where Lmx, Lmy, and Ly, are the fracture lengths or fracture spacing in the x, y, and z

directions, respectively. For equal fracture spacing of L in all directions, a value of the
shape factor of 12/L.2, 8/L2, and 4/L2 are allocated for one (3D), two (2D), and three
(1D) sets of fractures, respectively. Note that their derivation is based on the assumption

of a linear pressure gradient between a central matrix and the fracture (Lim et al., 1994).

Kazemi et al. (1992) and Zhang et al. (1996) also defined a generalized shape factor
based on laboratory water imbibition experiments. This equation is also the most general
form for up-scaling from complex fracture patterns such as discrete fracture network

models for both single and multi-phase flows.
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o=1/, %41 (2.2.10)

In another study, an analytical expression for a constant shape factor for the flow between
the matrix and fractures was introduced by Lim et al. (1994). The matrix-fracture
transfer shape factor formulation in dual-porosity was derived without making the
pseudo-steady state assumption by combining analytical solutions of pressure diffusion
for various flow geometries. This expression was based on the assumption of anisotropic
matrix blocks of a linear pressure gradient between the center of the matrix and the

fractures with a coefficient of & rather than 4:

m? kx ky
T & Ly+ ) (2.2.11)

k=3kx.ky.kz (2.2.12)

For an isotropic rectangular matrix block, the shape factor was described as

o= m2ynd, 1/L2 (2.2.13)

For a system with uniform fracture spacing of L, Lim and Aziz, 1994 computed the shape
factors for two (2D) and three (3D) fracture sets as 2m2/L? and 3m?/L?, respectively.

From their study, Lim and Aziz concluded that the Warren and Root shape factor tends to
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overestimate the rate of recovery and the Kazemi et al. formulation tends to

underestimate the recovery rate considerably.

In another work, Lim et al. (1992) investigated the impact of the fluid movement on
matrix-fracture transfer computation in geothermal reservoirs, where the phase changes
occurred as a result of vaporization and condensation of water (Lim et al., 1992). In this
study they indicated that a dual-porosity model could not reproduce the same results from
the fine-grid model regardless of the shape factor used. They concluded that mass
transfer calculated using any constant shape factor in a dual-porosity model may be
inconsistent with the observed transport mechanisms in a vapor dominated geothermal
system. Also, they stressed that the shape factor is actually not a constant, but a function

of time (Lim and Aziz, 1995).

The limitation of the pseudo-steady state shape factors was also investigated by Sarma
(2007) for a single phase flow in fractured reservoirs using numerical techniques. The
results from this study indicated that none of the dual porosity formulations are in good
agreement with a reference solution, especially during early time. From this study, it is
clearly concluded that a constant value used for a shape factor cannot be used
successfully to obtain the desired match for all times with the reference solution (Eclipse
discrete curve) due to the existence of a transient state. Figure 2.2.3 shows the
comparison of the average pressure within the matrix block with time for the most

common shape factor formulations.
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Comparison of Discrete Fracture and Dual Porosity Model for
2D Fracture
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Figure 2.2. 3: Comparison of the average pressure (Pallav, 2003)

The work of Chang (1993) deals with a time-dependent shape factor for flow between the
matrix and fracture systems for 1D flow in a relatively short transient period. Chang
avoided the pseudo-steady state assumption combining the geometrical aspect of the
system with analytical solutions of a pressure diffusion equation, which is not really
applicable when it is utilized to model any field simulation cases. In addition, the given
analytical solution is too complicated to be incorporated directly into current commercial

simulators.

5 i exp[—(2m+1)273' rD]

m=0

x Zm exp[—(Qerl) Vg ID]
(2.2.14)
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A new set of transfer functions for modeling dual-porosity systems were introduced by
Sarma and Aziz in 2006. In this work, it was attempted to eliminate the main existing
limitations (pseudo-steady state flow and orthogonal fracture systems) by combining the
single-phase transfer function with the analytical solution of the pressure diffusion
equation. Subsequently, an analytical form of a time-dependent shape factor was derived
along with the differential form of the transfer function of two-phase flow for more
accurate modeling of fractured reservoirs. The new transfer function accurately takes
into account multiphase flow matrix-fracture interaction. Sarma and Aziz (2006) used
the ECLIPSE 100 black oil simulator to validate the proposed analytical model using a
single-porosity model. Figure 2.2.4 shows a comparison of the numerical and analytical
methods for the average matrix drawdown pressure. These results were verified against
reference solution (fine-grid) single-porosity models with very good agreement for the
transient period of the system; however, after reaching the pseudo-steady state, this

analytical solution is no longer valid so a constant shape factor has to be used.
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Comparison of Analytical and Numerical Pressures
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Figure 2.2. 4: Pressure comparison of analytical vs. numerical methods

Different shape factor formulations have been proposed in the literature, which can lead
to totally different reservoir behavior; therefore, a suitable shape factor value can be a
critical factor for accurate dual-medium modeling. The shape factor concept was also
investigated by van Heel et al. (2006) by considering the nature of the main physical
recovery mechanisms, namely convection and diffusion processes. Fundamentally, the
pseudo-steady state assumption is not applicable for a case where there is a rapid pressure
or temperature change in the matrix/fractures. Van Heel et al. (2006) introduced the
concept of a thermal shape factor for the heat transfer between fractures and the matrix in
a dual-permeability context and compared their results against fine-grid single-porosity
simulation. They were mostly interested in transfer of energy from the fractures to the

matrix blocks by conduction (temperature of the matrix blocks dominated by a transient
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diffusion equation), which strictly emphasized that the shape factor for transient diffusion
should be a time dependent quantity in reservoir simulation. The following analytical
expression was obtained by van Heel et al. for a thermal shape factor (n,; is thermal

diffusivity):

dfm pa—
oy (1) ===~ / 7y (T =T))

dr (2.2.15)

They considered one- and two-dimensional heating of matrix blocks from initial
temperature of 50 °C up to 250 °C by heat conduction from the surrounded fractures
(sides) to mimic a steam injection process. Figures 2.2.5 and 2.2.6 show the comparison
results of 1D and 2D blocks with their analytical solution with the most common shape
factors (Costs 1989, Chang 1993, Lim-Aziz 1995, Kazemi 1976). The pseudo-steady
state diffusion shape factor derived by Coast, 1989 provides a good approximation; even
it crosses the analytical curve and subsequently overestimates the exact temperature.
This evaluation clearly demonstrates that Kazemi’s shape factor is not appropriate for

modeling a diffusion governed process such as thermal recovery mechanisms.
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Figure 2.2. 5: Temperature profile comparison, 1D case (van Heel et al., 2006)
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Figure 2.2.6: Temperature profile comparison, 2D case (van Heel et al., 2006)
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In order to validate the proposed analytical model, van Heel et al. (2006) conducted a
series of dual-permeability numerical simulations using Shell’s reservoir simulator
(MoReS) to simulate steam enhanced gravity drainage in a fractured reservoir. Single-
porosity, fine-grid models were used as a reference solution to compare and validate the
dual-permeability models utilizing different shape factor formulations. Four sets of
simulation results were compared against the reference solution. Figures 2.2.7 and 2.2.8
show the comparison of the oil rate and temperature profile, respectively. These results
also confirm that convection type shape factors such as Kazemi’s formulation (constant

values) are not suitable for modeling diffusion processes.
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Figure 2.2. 7: Oil rate profile comparison, 1D case (van Heel et al., 2006)
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Figure 2.2. 8: Temperature profile comparison, 1D case (van Heel et al., 2006)

In different work, van Heel et al. (2008) derived an analytical expression to model heat
and fluid transfer for a single-phase matrix-fracture shape factor in a dual-porosity
formulation that retains transient in pressure and temperature diffusion processes by
considering gas-oil gravity drainage in a steam injection process. In a heavy oil recovery
process, the dominant recovery methods are thermal expansion and thermal viscosity
reduction; therefore, the accuracy of thermal simulation results essentially depends on the
accuracy of the modeling of the temperature evolution in the matrix blocks. In this paper,
van Heel et al. (2008) mainly focused on thermal recovery and presented the results for a
1D case for short and long time approximations of a shape factor and later presented an

analytical transient thermal shape-factor for diffusion in 2D matrix blocks in a single-
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phase system, which are time-dependent shape factors for a pressure transient effect for
short-time, medium-time, and long-time regimes. They validated their model against a
fine-grid single porosity model (reference solution) with relatively good agreement and
illustrated that constant shape factors (fixed values) could not capture the initial fast
heating regime of the matrix blocks. Figure 2.2.9 shows the temperature profiles from

the van Heel et al. model compared with other common shape factor formulations.
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Figure 2.2. 9: Temperature profile comparison, different shape factor formulation
(van Heel et al., 2008)

Researchers have considered a transfer function (shape factor) from the well testing
literature and attempted to improve it for a better understanding of the reservoir
performance. Representing the correct behavior of recovery mechanisms in naturally
fracture reservoirs utilizing a dual-media system via shape factor formulations has been
also investigated by other researchers. Coats (1989) extended a dual-porosity model to

compositional simulation, proposed a different expression for a shape factor, stated that
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Kazemi’s shape factor was too low, and derived a new formulation by multiplying it by a
factor of 2. Thomas (1983) pointed out that the rate of hydrocarbon recovery from a
fractured reservoir is a function of the matrix size and properties as well as pressure and
saturation history of the fracture system. Thomas et al., 1983 developed a three-
dimensional, three-phase model to simulate the flow in naturally fractured reservoirs
using a dual-porosity system, which suggested that Kazemi’s shape factor should be
increased by a factor of 2. Quandalle and Sabathier (1998) corrected the Kazemi and
Gilman transfer shape factor formulation by separating the horizontal and vertical flows
as well as adding a viscous recovery term to the model. Chen (1995) considered a model
in early and late times in matrix blocks with a new formulation. Ishimoto (1988) used a
sub-domain technique to solve the pseudo-steady state assumption and allowed for the
creation of a saturation front. Another approach to modeling fractured reservoirs was
developed by Sonler et al. (1988), which primarily focused on more complex problems
and expanded the previous model from 2D to 3D full-field reservoir models to express
the fluid exchange between the matrix and fractures. Litvak (1985) described another 3D
three-phase fractured reservoir simulator that could be used in full-field model studies,
with a similar approach that Kazemi and Gilman, 1988 used for the matrix-fracture
exchange term by adding the gravity term into the equations. Lu et al. (2007) followed
up the work by Chen and proposed a new original transfer function called a General
Transfer Function (GTF) for a mixed-wet system, which introduced a method of
capturing the dynamics of expansion, diffusion, and displacement accurately for better
predictions than the previous models. Ueda et al. (1989) argued that Kazemi’s shape

factor should be increased by a factor of 2 to 3. Edgar et al. (2003) introduced a new
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time-dependent matrix-fracture transfer shape factor based on a dimensional analysis of
the experimental studies by Rangel-German (2003), which is dependent on the transient

behavior of the water saturation between fractures and matrix blocks.

In review of all the previous work it appears that there is a discrepancy and lack of
agreement regarding which shape factor should be used in simulation of dual-media
systems. Table 2.2.1 shows a summary of shape factors obtained by some of the
researchers referred to above. Although a few researchers acknowledged the time
dependence of a shape factor for transient flow between the matrix and fracture systems,
an expression for the shape factor particularly for simulating thermal recovery processes

in fractured reservoirs has not yet been developed.

Table 2.2. 1: Constant shape factors by various researchers

1 2 3
Warren & Root, 1960 Single Phase 12 32 60
Kazemi et al, 1976 Single Phase 4 8 12
Thomas et al., 1983 Two-Phase 25
Coats, 1999 Two-Phase 8 16 24
Gilman & Kazemi, 1993 Single Phase 2961
Lim & Aziz. 1994 Single Phase T 21’ 3
Quintard et al., 1996 Single Phase 12 284 196
Noetinger et al., 2000 Single Phase 11.5 27.1
Pemuela et al., 2002 Two-Phase 987
Sarda et al , 2002 Single Phase g 24 48
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2.3. Concluding Remarks

e There is an insufficient understanding of an adequate matrix-fracture transfer
shape factor formulation in a dual-porosity system for thermal recovery

mechanisms.

e In review of all the previous work it appears lack of agreement regarding which

shape factor should be used in simulation of dual-media systems.

e Most of the existing transfer function formulations (matrix-fracture interaction)
are based on the assumptions of orthogonal fracture systems and pseudo-steady

state flow, which are not representative of actual reservoir recovery mechanisms.

e Although researchers acknowledged the time dependence of a shape factor for
transient flow between the matrix and fracture systems, an expression for the
shape factor for simulating thermal recovery for a heavy or extra heavy oil system

has not been yet developed.

e All the suggested analytical solutions are too complicated to be incorporated

directly into current commercial simulators.
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CHAPTER 3

Statement of the Problem

Naturally fractured reservoirs present many unique and complex challenges for modeling
and simulation professionals due to many complex features that are present in this type of
reservoirs at multiple scales. Due to the multi-scaled character of fracture networks and
their high degree of heterogeneity, characterization and modeling of fractured reservoirs,
especially those containing extra heavy oil, present many unique and complex challenges.
The most important and challenging aspect of modeling a naturally fractured reservoir is
the accurate estimation of the fluid exchange between the matrix and surrounding
fractures. For many decades, the dual-porosity approach has been the most popular and
effective technique in modeling of NFRs. Two flow systems are assumed to be
superimposed and are connected by a transfer function (TF) to represent the exchange

term between the flow domain (fractures) and the stagnant domain (matrix blocks).

There have been a number of attempts over the last 50 years to develop methods to
improve modeling of the fluid exchange between the matrix and fractures via a shape
factor. Recently, several formulations have been proposed by researchers mostly for
conventional oil recovery methods in naturally fractured reservoirs. A correct
understanding of recovery mechanisms in naturally fractured reservoirs with the use of
flow simulators present a big challenge, especially for heavy oil and extra heavy oil

recovery processes. All the previous studies for developing the dual-medium
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formulations (shape factor) for simulating naturally fractured reservoirs were based on
conventional oil recovery methods, which indicated their inability to model multi-phase
flow accurately for thermal recovery systems. The assumption of transient or pseudo-
steady state conditions leads to different shape factor values; as a result, there is a
significant deficiency in an understanding of an adequate matrix-fracture transfer shape
factor in a dual-medium system principally for thermal recovery mechanisms.
Furthermore, there is a significant deficiency in an understanding of an adequate matrix-
fracture transfer shape factor in a dual-medium system for thermal recovery mechanisms.
Although some of the researchers acknowledged that a shape factor is essentially a time-
dependent quantity for transient flow between the matrix and fracture systems, an

accurate expression for a transient shape factor has not yet been developed.

A suitable time-dependent matrix-fracture transfer function is required for an accurate flow
behavior prediction in a dual-porosity system for the thermal recovery mechanisms in
fractured reservoirs. The intention of this research, therefore, is to achieve a better
understanding of the matter exchanges between fractures and matrix blocks in a dual-
porosity system by defining an appropriate transient matrix-fracture shape factor
formulation that accounts for a multiphase flow system in thermal reservoir simulation of

naturally fractured reservoirs.

27|Page



The thesis mainly aims to specifically achieve the following:

Investigate the rate of exchange between fractures and matrix blocks in a water-
oil (bitumen) system for a thermal recovery process. This enables the evaluation
of the accuracy of the current shape factor formulation.

Improve a dual-porosity model to simulate thermal recovery processes for a
multiphase flow system by developing a robust transient shape factor (TSF)
formulation.

Develop a solution methodology to estimate the proposed transient shape factor
for thermal flow simulation in fractured reservoirs.

Identify some of the important factors that have an impact on the accuracy of
modeling a dual-medium system.

Validate the proposed model to make engineering predictions with confidence.
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CHAPTER 4

4.1. Shape Factors

As mentioned above, a significant number of naturally fractured reservoirs (NFRs)
discovered in the world contain heavy and extra heavy oil, which are important resources.
Due to the multi-scaled character of fracture networks and their high degree of
heterogeneity, characterization and modeling of carbonate fractured reservoirs, especially
those containing extra heavy oil, present many unique and complex challenges.
Moreover, single-medium numerical simulators cannot capture the two-scale
heterogeneity and two-flow regimes behavior; therefore, dual-medium modeling of
naturally fractured reservoirs is one of the possible solutions. The concept of a dual-
porosity system was introduced by Barenblatt et al. in 1960, which is widely used to
model the behavior of naturally fractured oil and gas reservoirs. The two-flow regimes
are assumed to be superimposed and are connected by a transfer function (TF) to
represent the exchange term between the fractures and the matrix, which involves a shape
factor concept. The most important and challenging aspect of modeling a naturally
fractured reservoir is the accurate estimation of the fluid exchange between matrix blocks

and surrounded fractures.

Most of the existing transfer function formulations (matrix-fracture interactions) are
based on the assumption of orthogonal fracture systems and pseudo-steady state flow,

which are not representative of actual reservoir recovery mechanisms. A shape factor is
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one of the most important parameters for quantifying fracture-matrix geometry in
modeling naturally fractured reservoirs. From the practical view, the shape factor is a
second order, distance-related, geometric parameter that is used to calculate the mass
transfer coefficient between matrix blocks and surrounded fractures (Gilman, 2003).
Different shape factor formulations have been proposed by researchers to model a dual-
porosity system. In general, analytical solutions to reservoir flow and energy equations
are available based on a series of assumptions for geometry, properties and boundary
conditions, which are not valid for complex reservoir problems. Therefore, numerical

techniques have been applied to solve the mass and heat equations numerically.

As described earlier, a pseudo-steady state assumption is one of the major limitations of
the existing shape factor derivations. This section focuses on the rate of exchange
between fractures and matrix blocks in a water-oil (bitumen) system for a thermal
recovery process. In order to validate the most common transfer shape factor
formulations, 2D (single and multi-set matrix blocks) and 3D (multi-set matrix blocks)
fine grid single-porosity models that are surrounded by fractures are constructed. In this
study, a thermal and advanced processes reservoir simulator, CMG STARS from
Computer Modeling Group Ltd is used. The results from the simulation provide a
referenced solution for benchmarking the dual-porosity system with the application of the
existing constant shape factor models, such as the Warren and Root 1960, Kazemi 1984
and Gilman 203, Lim and Aziz 1994, Coats 1989, and Thomas models. Subsequently,
the concept of a transient shape factor (TSF) for modeling a dual-porosity system for

thermal recovery processes is introduced and the results from the proposed model are
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compared and validated with the fine-grid single-porosity model. Finally, a MATLAB
code is developed and coupled with the CMG STARS thermal reservoir simulator to
compute the transient shape factor utilizing Kazemi’s formulation (a TSF estimator tool

Kit).

4.1.1. 2D-Single and Multi-Set Matrix Blocks

Consider a fine grid single-porosity model with dimensions of a 1m x 1m x 1m cubic
matrix block and the grid resolution of 1cm x 12.5cm x 100cm, surrounded by a set of
fractures. A coarse dual-porosity model is defined with the same dimensions and grid
resolution of 1m x 1m x 1m (Figure 4.1.1.1). Table 4.1.1.1 shows the matrix and fracture
properties defined in this evaluation. This study tests two scenarios for the above
described models: a single and multi-set of matrix blocks with the same grid resolutions.
In the first case, the model was initialized by filling the fractures with the saturated steam
at 4,000kPa, while maintaining a constant matrix pressure at 1,100kPa. Subsequently,
the fracture pressure is suddenly dropped to 1,000kPa and maintains the system at this
constant pressure for the entire test. Figure 4.1.1.2 demonstrates a reduction of the
average system pressure with time. The red curve is obtained using a fine grid single-
porosity model as a reference solution. The other curve (green) represents the dual-
porosity model result using Kazemi and Gilman’s constant shape factor. It is observed
that the dual-porosity curves using Kazemi and Gilman’s formulation do not match the

reference solution.
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Table 4.1.1. 1: Matrix and fracture parameters

Porosity
Permeablity, md
Aperture, mm
Pressure, kpa
Temperature, C
Sw

Dropped Fracture Press

1%

10000

4000
250
20%

1000

Figure 4.1.1. 1: 2D Single-matrix block models; a) single-porosity; b) dual-porosity
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Figure 4.1.1. 2: Pressure drawdown comparison, single-porosity vs Kazemi’s dual-
porosity (2D model)

To understand the impact of a multiple grid blocks and various fracture sets, the
previously described models are modified to 2m x 2m x 2m size dimensions with multi-
fractures and matrix blocks (Figure 4.1.1.3). Ultimately, the models are initialized with
the same process as previously described. Originally, the fractures are filled with
saturated steam at 4,000kPa and the matrix block pressures are set at a constant pressure
of 1,100kPa. Next, the fracture pressures are suddenly reduced to 1,000kPa and are
maintained constant during the test. Figure 4.1.1.4 displays a comparison of the pressure
drawdown of the fine grid, single-porosity model versus other common constant shape
factors. The same observations are obtained; none of the dual-porosity models matches

with the reference solution (red curve). The results indicate that the Warrant and Root
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shape factor model has a relatively good match with the reference solution during the
early time, a better match can be achieved with the Lim and Aziz (1994) formulation in
the mid time, and the Coats and Thomas constant shape factors are able to produce a
good match during the late time only. However, overall results demonstrate that none of
the above tested dual-porosity models can be used to generate a good solid match at all
times with the reference solution; particularly, Kazemi’s formulation (orange curve)
shows the maximum deviation from the base solution. Moreover, the results show that
the existing shape factors in a dual-porosity model are not suitable for predicting thermal
recovery mechanisms of the naturally fractured reservoirs. Therefore, an appropriate
transient transfer shape factor model must be developed between the fracture and the

matrix for a better representation of a dual-porosity thermal system.

Fractures

Figure 4.1.1. 3: 2D Multi-matrix blocks models: a) single-porosity; b) dual-
porosity
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Figure 4.1.1. 4: Pressure drawdown comparison for different shape factor formulations
(2D, multi-matrix blocks)

4.1.2. 3D Multi-Set Matrix Blocks

To comprehend the difference between 3D and 2D models, the same set of exercises as
the 2D multi-matrix blocks cases are repeated and analyzed. Assume a single-porosity
model with cubic matrix block dimensions of 2m x 2m x 2m and a grid resolution of
10cm x 10cm x 10cm that are surrounded by a set of fractures, while a dual-porosity
model is defined with the same dimensions and grid resolution of 50cm x 50cm x 50 cm.
Unlike the 2D cases, various matrix permeability is assigned for each layer (Figure

4.1.2.1); eventually, the system is initialized the same as the previous 2D cases. Finally,
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the results of the 3D dual-porosity models using Kazemi’s shape factor are compared and
validated against the fine grid single-porosity model (a reference solution). The
variations of the pressure drawdown are shown in Figure 4.1.2.2. These results show
decent evidence suggesting that Kazemi’s shape factor appears to be an inappropriate
model for thermal recovery process prediction in a dual-porosity system. Since the same
conclusion is observed from the 3D model, in the entire study the 2D multi-matrix blocks

case is used to evaluate the transient shape factor concept.

Figure 4.1.2. 1: Matrix permeability (md): a) fine-grid single-porosity; b) dual-porosity
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Figure 4.1.2. 2: Pressure drawdown comparison, single-porosity vs Kazemi’s dual-
porosity (3D model)

4.1.3. Transient Shape Factors, TSF (Concept)

A shape factor is essentially a time-dependent quantity and one of the most important
parameters in the modeling of fractured reservoirs. Although some of the researchers
acknowledged the time dependence of this factor for transient flow between matrix and
fracture systems, in the most recent formulations a pseudo-steady state condition and
constant shape factors are assumed for the exchange between fractures and matrix blocks in

dual-porosity systems.

In this study, a series of numerical simulations are conducted to investigate the effect of a

time-dependent shape factor in a dual-porosity model. In this work, Kazemi’s model is
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evaluated by multiplying the shape factor by different constant values and the results are
compared with the fine grid-single porosity model (reference solution). Figure 4.1.3.1
shows the comparison results of different multipliers. In the first three scenarios (cases 1
to 3), Kazemi’s shape factor is multiplied by a constant value at the first time step for
each individual case and the outcomes are compared with the reference solution. The
results illustrate that a multiplier factor can only produce a good match with the reference
curve either during the early time (case 2) or late time (case 3). Another scenario (case 4)
is considered by multiplying the shape factor by different constant coefficients at various
times and the goal was to match the coarse dual-porosity model with the fine grid single-
porosity case. An excellent match is achieved by multiplying Kazemi’s shape factor by
constant values at different time steps (black dots). The result from this scenario (case 4)
clearly confirms that a transient shape factor is required for an appropriate modeling of a
thermal recovery process in naturally fractured reservoirs using dual-porosity systems.
The purpose of these simulations is to demonstrate and establish the concept of a
transient shape factor. Further discussions on defining a new transient shape factor
formulation and how to estimate and compute the coefficient factors are presented in the

following sections.
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Figure 4.1.3. 1: Pressure profile, transient shape factor concept (Kazemi’s model)

4.2. Transient Shape Factors (TSF) in Thermal Flow Simulation

There is an insufficient understanding of an adequate matrix-fracture transfer shape factor
formulation in a dual-porosity system for thermal recovery mechanisms. A shape factor
considers the fracture-matrix geometry in modeling naturally fractured reservoirs. The
main limitation of the existing formulations for the shape factor is in the assumption that

the matrix-fracture system remains at a pseudo-steady state condition.

In order to predict recovery under thermal mechanisms in fractured reservoirs for an

optimal reservoir management using a dual-porosity system, suitable matrix-fracture
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transfer shape factors and transfer functions are required for the accurate flow behavior
description between the fractures and the matrix. In this section a new derivation of a
transient shape factor for thermal reservoir simulation is introduced and the methodology
of how to compute it is presented. Finally, the results of using the transient shape factor
formulation are validated and compared with a fine-grid single-porosity model and

historical filed data using the commercial simulator, CMG STARS.
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4.2.1. Model Description of Non-isothermal Process

In this section, the main equations for the flow and energy equations governing three
phases: water, oil, and steam are briefly presented. The main goal of solving these
equations is to obtain accurate matrix-fracture transient shape factor coefficients that can
best represent the recovery methods in fractured reservoirs in a thermal process. The
proposed model incorporates a three-dimensional, three-phase fluid physics in porous

media for a thermal recovery process.

Flow Equations:

Mass balance in the matrix blocks and fractures for any phase in form of finite

differences can be expressed as follows:

VAT (VPy = 7w VZ) =T (P — P, )]=Vb At(yjmﬁs“m} (4.2.1.1)

VT, (VP =7, VZ)+ T (P =Py ]+ 0y = At[(bf;“f ] (4.21.2)
of

where o = water, oil, or steam and the subscripts m and f refer to the matrix and the

fractures, respectively.
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The flow transfer transmissibility can be defined as:

KI‘O(

T m
Ha-Pe (4.2.1.3)

amf :O-F'K

where o is a flow shape factor.

Energy Equations:

For the heat transfer equation, it is assumed that thermal equilibrium between the fluid
and the rock matrix is instantaneously achieved (Shutler, 1969). The energy balance law

is expressed as

Conduction H.T + Convection H.T + Heat Source — Heat Loss = Accumulation (Pore + Rock)

Therefore, energy balance in the matrix blocks and fractures for any phase in the form of
finite differences can be expressed as follows (assuming there are no convection in the

matrix and no conduction in the fractures):

VK, VT =T (T —TJm)=§[(¢Z puH.S.), +-¢.)C.T]

(4.2.1.5)

v.(zpaf K%M H, (VP -7, VZ)j+qu + QT (T —Tam)=§[(¢z o, H. sa)f]
(4.2.1.6)
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where o = water, oil, or steam and the subscripts m and f refer to the matrix and the

fractures, respectively.

4.2.2. Solution Methodology

Due to the nonlinearity of the equations and their dependence on each other, it may not
be possible to find their analytical solutions. A numerical technique is required to obtain
the solutions. The solutions of the above finite difference equations by the numerical

technique give the estimations of the flow transient shape factors, o, .

In this study, only Kazemi’s shape factor model is considered to be corrected and
converted to the transient form. Nevertheless, this methodology can likewise be used to
compute the other shape factor formulations and estimate the transient shape factors. The
main objective here is to find the a factor at different time steps to convert the shape
factor to a transient form. Equation (4.2.2.1) shows Kazemi’s formulation, which was
under the assumptions of a pseudo-steady state condition in terms of fracture spacing for

a system with uniform fracture spacing of L« (the o coefficient is equal to 4):

nd

7= “Z%ﬁ

= (4.2.2.1)

To compute a transient shape factor, a dimensionless average pressure Fp is introduced

as:
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o, is an exponent factor which is a time-dependent factor and can be expressed as a ratio

of the matrix pressure and the fracture pressure at each time step (Pi is the initial reservoir

pressure):

m
w =y (—J
Tt (4.2.2.3)

¥ is a coefficient factor, which depends on the rock wettability ranging from 1.25 to 3.75.
Based on this study, a factor of 1.45 is recommended for an oil-wet rock formation (more
detailed discussions are described in Chapter 5). However, this factor is reservoir-
dependent and can be used as one of the matching parameters. To estimate the transient

shape factor o., Kazemi’s formulation (or any other formulations) can be multiplied by

the dimensionless average pressure, F’Dt :

o = Py -42( /]/LZJ (4.2.2.4)

where

Fo, =@ (4.2.2.5)
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As mentioned earlier, equation (4.2.2.6) was expressed as a transfer function (Warren and
Root, 1963), where T is the transfer function (1/sec), o is defined as a shape factor (1/m?),
K is the matrix permeability (md), p is the fluid viscosity (c.p), P is the pressure (atm),
and subscripts f and m are for fracture and matrix denominations, respectively. The

matrix-fracture transfer shape factor (c) has the dimension of a reciprocal area, L™:

T = GE(P‘“ — PH (4.2.2.6)

Kazemi et al. (1976) developed a numerical algorithm and proposed the following
expression for a shape factor based on direct material balance on a cubic matrix block

with the a coefficient equal to 4:

nd
_ 1
o= 42 /L%(
k=1

(4.2.2.7)

From the transient shape factor formulation developed earlier (Equation 4.2.2.4), by
utilizing the Kazemi and Gilman shape factor formulation and substituting it into
Equation (4.2.2.6), a novel Thermal Transfer Function (T.T.F) can be obtained as follows

for modeling a thermal recovery process in naturally fractured reservoirs:
wt

nd
Pe:
T.T.F = 421/L2 (L) K.K./u (Py, — Pf)
£t "L \Pmi — Py

(4.2.2.8)
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In order to compute PD: and t, the average fracture and matrix pressures are required at
different time steps, which can be obtained using any commercial thermal simulator. In
this study, the CMG STARS simulator is used to estimate and validate the proposed
transient shape factor. A MATLAB code is developed and coupled with the CMG
STARS to compute the PD: and ot parameters for estimating the transient shape factor
(TSF) at any desired time step and updates the flow model likewise. At each required

time step, the fracture and matrix pressures are extracted from the STARS OUT data file

(*.out) to compute the exponent factor of @, (Equation 4.2.2.3). Next, using Equation
(4.2.2.2), dimensionless average pressure PD[ can be calculated by applying the

developed MATLAB code (Appendix B). This calculated PDt at time step t is used to

modify the matrix-fracture transfer shape factor coefficient at that time step and resume
the flow model to the next time step. The above calculation steps are repeated for all the
desired time steps to the last simulation time. Figure 4.2.2.1 represents the flowchart of
this coupling procedure for estimating the transient shape factor coefficient by
implementing this technique using the commercial simulator CMG STARS. Figure
4.2.2.2 shows the interface of the coupling application, which is referred to as a “TSF

Estimator” tool kit in this work.
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Figure 4.2.2. 1: Flowchart of TSF Estimator Tool kit
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Figure 4.2.2. 2: TSF Tool kit interface (Demo)

4.2.3. Utilizing Transient Shape Factors (TSF)

The same 2D multi-matrix blocks dual-porosity model as described early (Figure 4.1.1.3,
2m x 2m x 2m size dimensions) is used to compute and evaluate the transient shape
factor using Kazemi's formulation. A steam drive recovery method is selected to
evaluate and validate the transient shape factor for this assessment. The saturated steam
is injected at one end at 4,000kPa while the heated bitumen is producing at the minimum
bottom-hole pressure of 1,000kPa at the other end. Figure 4.2.3.1 depicts the schematic

of the numerical model used in this study.
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Dual-porosity

— —

Figure 4.2.3. 1: 2D multi-matrix blocks dual-porosity model (steam drive)

The TSF Estimator tool is used to estimate the transient shape factor coefficients and
convert the constant Kazemi’s formulation to transient mode. The model is run at each
desired time step and updated by implementing the transient shape factor formulation at
each specified time step. Figure 4.2.3.2 compares the pressure profiles of the default dual
porosity model (Kazemi’s formulation) with the corrected model (transient shape factor
formulation), and they are validated against the fine grid single porosity model (reference
solution). Figures 4.2.3.3 and 4.2.3.4 present the oil saturation and cumulative oil-steam
ratio comparisons. The green lines are presenting the reference solution and the dual
porosity model using Kazemi’s constant shape factors, and the dots show the outcomes of
the transient shape factor model. The results from this evaluation clearly illustrate that a
significant improvement is achieved using the transient shape factor (TSF) model, which
demonstrates a very good agreement with the reference solution. The dimensionless

pressure coefficient factors (PD: = a) versus time are shown in Figure 4.2.3.5. The results
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indicate that different coefficient factors at different times are required for correcting and

converting the constant shape factor to a transient shape factors form.
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Figure 4.2.3. 2: Average pressure profile, with and without the TSF model (W = 1.45)
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Figure 4.2.3. 3: Average oil saturation profile, with and without the TSF model (Y = 1.45)
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Figure 4.2.3. 4: Cumulative oil steam ratio (COSR), with and without the TSF model (¥ =
1.45)
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The results of the dimensionless pressure coefficient factor plot (Figure 4.2.3.5) indicate
that different coefficient factors at different times are required for correcting the constant
shape factor to a transient shape factors form. This plot can be divided into three
regimes, early-time, mid-time, and late-time. Usually, a sharper slope is expected for the
early time regime compared to the other ones. This steep behavior can be explained due
to the extreme changes in the pressure and/or saturation profiles in the early time of fluid
(steam) injection, which require higher coefficient factors to correct and modify the
constant shape factor formulation to the transient mode. Note that this coefficient profile
is very case-dependent, which is mainly subject to the size of the model, the grid
resolutions, the reservoir parameters, and operation conditions. Since the model used for
this study is a relatively small 2D model, a steeper slope is observed for the early-time
period. Nevertheless, an exponential type curve versus time relationship is expected to

yield the transfer of a constant shape factor formulation to a transient shape factor type.
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Figure 4.2.3. 5: Dimensionless pressure coefficient factors (PDt = o)

4.3. Concluding Remarks

e Most of the existing transfer function formulations (matrix-fracture interaction)

are based on the assumption of orthogonal fracture systems and pseudo-steady

state flow, which are not representative of actual reservoir recovery mechanisms.
[ ]

The most important and challenging aspect of modeling a naturally fractured

reservoir is the accurate estimation of the fluid exchange between the matrix and
surrounded fractures.

Overall results demonstrate that none of the existing dual-porosity models can be

used to generate a consistent match at all times with the reference solution;
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particularly, Kazemi’s formulation shows the maximum deviation from the
reference solution (fine grid single-porosity).

Suitable matrix-fracture transfer shape factors and transfer functions are required
for the accurate flow behavior description between the fractures and the matrix in
a thermal flow simulator.

A new transient shape factor (TSF) for non-isothermal dual-porosity models is
introduced and compared with the existing shape factor models. The results
clearly confirm that a transient shape factor is required for appropriate modeling
of a thermal recovery process in NFRs when using dual-porosity formulations.

A MATLAB code is developed and coupled with the CMG STARS thermal
reservoir simulator to compute the transient shape factor (TSF Estimator tool Kit).
The results indicate that during the early time the pressure drop is steeper for the
reference solution compared to the dual-porosity model using the existing shape
factors, which essentially suggests that all the current shape factors are smaller
than that required.

Clearly a constant value of the shape factor (e.g., Kazemi’s model) cannot be used
to predict the overall performance in dual-media systems due to invalid
assumptions.

The transient shape factor estimated in this study is based on Kazemi’s
formulation only. However, this methodology can be used to investigate and
evaluate the other shape factor formulations and estimate the transient shape

factors.
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CHAPTER 5

5.1. Sensitivity Study

The purpose of this section is to identify some of the important factors that have the
largest impact on the deviation of a dual-medium model from a reference solution with
the use of Kazemi’s shape factor formulation. In this section, the main parameters
sensitivity studies for a water-oil system are performed and the effect of each parameter
is compared with the reference solution case (fine grid single-porosity). The following

sensitivity cases are investigated:

e Grid Block Size Distribution
e Rock Wettability

e Capillary Pressure

e Initial Water Saturation

e Reservoir Heterogeneity

e Fracture-Matrix Effective Permeability Ratio
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5.1.1. Grid Block Size Distribution

Block size distribution is considered to be one of the main parameters in the modeling of
fractured reservoirs. Depending on the rock wettability, block size distributions can
control the rate of production by imbibition, or displace fluid from the blocks into the
fractures. The matrix block size is inversely related to the fracture intensity. Therefore,
for an accurate production prediction, it is essential to characterize and model fractured

porous media by considering variable matrix block size features (Belani, 1988).

The effect of variable matrix block size distributions on the matrix-fracture fluid transfer
in a dual-porosity system using Kazemi’s shape factor is briefly investigated utilizing
numerical simulation, and the results are compared with the fine grid single-porosity
model (reference solution). For these runs, the same 3D multi-set matrix blocks model
as described earlier is used. Figure 5.1.1.1 shows the selected random matrix block size
distribution models in this work. In the classical dual porosity model, all matrix block
geometry and properties are assumed to be uniform within each simulation cell.
Nevertheless, most of the fractured formation outcrops suggest the heterogeneity of the
matrix blocks in the reservoir scale, which come in all shapes and sizes (Ahmad, 2014).
Figure 5.1.1.2 shows the outcrop of a fractured carbonate formation demonstrating the
potential reservoir complexity. Figure 5.1.1.3 shows the comparison results against the
reference solution for different matrix block size distributions. The results demonstrate
that the more non-uniform the matrix block sizes feature (Dist_1 case), the more

divergence it shows from the reference solution curve; therefore, more thoughts should
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be considered in modeling dual media using constant shape factor formulations such as

Kazemi’s model to obtain more accurate results.

! Uniform Blocks

porosity)

Figure 5.1.1. 1: Variable random block size distribution (dual-

Figure 5.1.1. 2: Outcrop from fractured carbonate formation
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Figure 5.1.1. 3: Block size distributions sensitivity against reference solution

5.1.2. Rock Wettability

Extensive research work from examination of 161 limestone, dolomitic limestone,
calcitic dolomite, and dolomite cores on wettability of carbonate reservoir rocks by
different researchers indicate that 15 percent of these rocks are strongly oil-wet (some are
bitumen coated), 65 percent are oil-wet, 12 percent have intermediate wettability, and 8
percent are water-wet (Chilingar and Yen, 2007). These results on carbonate reservoir
rock cores from all over the world show that the majority of carbonates are mostly oil-
wet. Experiments on cores from fields in Oman and elsewhere have indicated that the
rock is in transition from oil-wet to water-wet as temperature increases. The temperature
can be increased in a reservoir due to steam or hot-water injection, which can induce a
wettability change, rendering the matrix water-wet. Hot water (steam condensate) in the
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fractures can spontaneously imbibe into the matrix, displacing oil and resulting in

favourable oil recoveries.

It is well known that the recovery is very sensitive to the wettability of the matrix blocks,
which mainly controls the recovery during thermal processes. Since carbonate rocks are
mostly oil-wet or mixed wet, it is important to examine the effect of wettability on the
matrix-fracture fluid transfer in a dual-porosity system using Kazemi’s shape factor. In
this section, two wettability cases, oil-wet and mixed-wet are considered and evaluated.
The same 2D multi-set matrix blocks model is used to investigate the impact of the rock
wettability. Consequently, the results are compared and validated against the fine grid
single-porosity model. Lastly, the proposed transient shape factor (TSF) concept is tested
and the results are analyzed for both cases. Figures 5.1.2.1 and 5.1.2.2 show the
comparison of the average pressure profile for the oil-wet and mixed-wet cases,
respectively. The dashed lines are the reference solutions, the solid lines are the dual-
porosity solutions using Kazemi’s formulation, and the dots are the transient shape factor
profiles (TSF). The results indicate that in the case of mixed wettability formation, a
transient shape factor is not perfectly corrected using the Kazemi’s formulation compared
to the oil-wet case, mostly in the late time. Nevertheless, this clearly illustrates that dual-
porosity models, regardless of whether they are oil-wet or mixed-wet cases, can be
improved significantly by employing the proposed transient shape factor (TSF). The

results show a very good agreement with the reference solution.

As mentioned earlier, the coefficient factor (W) in Equation (4.2.2.3) is defined to be in

the range of 1.25 to 3.75, within which a factor of 1.45 is recommended for an oil-wet
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rock formation. This factor is also reservoir-dependent and it can be simply used as a

matching parameter in a dynamic flow simulation.
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Figure 5.1.2. 1: Average pressure profile comparison, oil-wet system, with and without TSF
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Figure 5.1.2. 2: Average pressure profile comparison, mixed-wet system, with and without TSF

5.1.3. Capillary Pressure

Reservoir rock typically contains the three phases: oil, water, and gas. The forces that
hold these fluids in equilibrium with each other and with the rock are capillary forces.
Capillary pressure, P, is defined as the pressure difference between the non-wetting
phase and the wetting phase, which depends strongly on the wettability of the formation.
For an oil and water system in porous rock (water-wet), oil is considered to be the non-
wetting phase, while for an oil-wet system, water is considered to be the non-wetting
phase. In reservoir engineering, P; is an important parameter for simulation studies

particularly in heterogeneous systems. In naturally fractured reservoirs, capillary pressure
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and relative permeability functions have a major impact on fluid exchange between
matrix blocks and fractures. The fluid transfer between fractures and matrix blocks is
dominated by capillary and gravity forces. Since most oil is contained inside the matrix,
capillary and gravity forces can be more important in NFRs compared to un-fractured
reservoirs. For example, capilllary forces may either enhance or reduce recovery from
matrix blocks depending on wettability (e.g., Gilman and Kazemi, 1988; Gang and

Kelkar, 2008).

The same 2D multi-set matrix blocks model is used to investigate the impact of the case
with or without capillary pressure. Figure 5.1.3.1 shows the results of the transient shape
factor for both cases, with and without the presence of capillary pressure against the
reference solutions. The dimensionless pressure coefficient factor (oo =Pbt, in Equation
4.2.2.5) versus time indicates that a relatively higher coefficient factor is required for the
case with capillary pressure compared to the case where there is no capillary pressure
(Figure 5.1.3.2). From this, it can be concluded that for the case with the higher capillary
pressure, the more divergence from the reference solution is expected using constant
shape factor formulations such as Kazemi’s model and it can be subsequently modeled
more accurately by applying the transient shape factor concept to modify the factors as a

time-dependent function.
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Figure 5.1.3. 2: Dimensionless pressure comparison, with and without capillary pressure
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5.1.4. Initial Water Saturation

Water saturation in fractured reservoirs is a complex issue and has been studied
extensively. Initial water saturation has a pronounced effect on fluid (steam) injection in
an intermediate-wet rock and much less obvious in a strongly water-wet case. The effect
of relatively high and low water saturation (for both the matrix and fractures) on the
matrix-fracture fluid transfer in a dual-porosity system using Kazemi’s shape factor is
briefly investigated using a numerical simulation technique, and the results are compared
with the fine grid single-porosity model (reference solution). For this evaluation, the
same 2D multi-set matrix blocks model is applied. The dimensionless pressure
coefficient factor (o =Ppt in Equation 4.2.2.5) versus time indicates that a higher
coefficient factor is required for the case where the water saturation is lower in the matrix
and fractures compared to the case of the higher water saturation (20% saturation versus
40% saturation). The dimensionless pressure coefficient factors (Ppt) are shown in
Figure 5.1.4.1. The results indicate that for a system with lower water saturation values,
using constant shape factor formulations such as Kazemi’s model leads to higher
inaccuracy in the prediction; therefore, applying a transient shape factor concept is
recommended for more accurate modeling of a dual porosity system in thermal recovery

processes.
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Figure 5.1.4. 1: Dimensionless pressure comparison, low and high water saturation

5.1.5. Reservoir Heterogeneity

In comparison to sandstone reservoirs, modeling of carbonate reservoirs is commonly
more challenging because of intrinsic heterogeneities, occurring at all scales of
observation and measurement. Heterogeneity in carbonate reservoirs can be attributed to
variable lithology, chemistry/mineralogy, pore types, pore connectivity, and sedimentary
facies, which present a number of specific characteristics posing complex challenges in

reservoir characterization, modeling and management.

Since fractured reservoirs are usually very heterogeneous, the accuracy of the most
common shape factor formulation (the Kazemi and Gilman model) is examined and

65|Page



validated in this section. Figures 5.1.5.1 and 5.1.5.2 show the core photos of a fractured
carbonate formation, which describes the complexity of a fractured reservoir including
varied lithology. The same 2D multi-set matrix blocks model with dimensions of 2m x
2m x 2m including multi-fractures and matrix blocks with the grid resolution of 1cm x
12.5cm x 100cm is used to investigate the impact of the reservoir heterogeneity. The
various matrix permeabilities and water saturations are defined to represent the most
common reservoir facies in fractured carbonate reservoirs such as mudstone, vugs, tight
formation as well as existence of high unconsolidated oil sands depositions. In this study,
random matrix properties (permeability and water saturation) are assigned through the
reservoir to model the formation complexity, while retaining fracture properties as
constant values. Figures 5.1.5.3 and 5.1.5.4 show the matrix permeability and water
saturation distributions for both single and dual porosity systems, respectively.
Subsequently, the proposed transient shape factor (TSF) concept using the developed
“TSF Estimator” tool is examined and the results are compared against the homogenous
case for a steam-drive recovery mechanism. Figure 5.1.5.5 shows the dimensionless
pressure coefficient factors (oo =Ppt) for both the homogenous and heterogeneous cases.
The results demonstrate that due to the heterogeneous nature of carbonate reservoirs,
Kazemi’s formulation requires a higher coefficient factor mainly in the early time to
convert to the transient shape factor form with less inaccuracy of outcomes. Note that the
estimated coefficient factor is reservoir-dependent and it may vary for different reservoir
geology. However, regardless of the heterogeneity, it is recommended to utilize the
transient shape factor approach for more precise predictions of modeling a dual-porosity

systems during thermal recovery processes.
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Energy, 2013)
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Figure 5.1.5. 4: Water saturation and permeability profile (dual-porosity)
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Figure 5.1.5. 5: Dimensionless pressure comparison, heterogeneous vs. homogenous

5.1.6. Fracture-Matrix Effective Permeability Ratio (k, /k, )

In any rock type, fractures above a certain aperture and length become preferential fluid
flow paths. Aperture and fracture permeability are non-linearly related, but are correlated
between fracture transmissibility and flow (Matthéi, 2005). Therefore, when the fracture
flow is dominant, the fracture-matrix permeability ratio becomes an important factor and
can have a significant impact on the overall reservoir performance. The accuracy of the
dual-porosity system using Kazemi’s shape factor model is tested with various fracture-
matrix permeability ratios using the same 2D multi-set matrix blocks model as described
earlier. The results are presented in Figure 5.1.6.1. The outcome from these tests

indicates that the higher the effective fracture permeability, the better agreement between
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a dual-porosity model and the reference solution. Therefore, Kazemi’s formulation might
be appropriate for prediction of thermal recovery processes for the reservoirs consisting
of massive fracture networks and big fracture apertures, which leads to very high fracture
permeability. In this case, the assumption of the pseudo-steady state condition may be
satisfied, which allows using a constant shape to count for the fluid exchange between

matrix blocks and fractures.
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Figure 5.1.6. 1: Pressure profile, sensitivity of fracture-matrix permeability ratio (2D
model)
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5.2. Concluding Remarks

In this chapter, the effect of grid block size distribution, rock wettability, capillary
pressure, initial water saturation, reservoir homogeneity, and a fracture-matrix effective
permeability ratio are investigated using Kazemi’s model. The results are compared with
the proposed transient shape factor model against the reference solution case. The

following conclusions are made from this study:

e The more complex and non-uniform matrix block sizes feature higher divergence
from the reference solution, when utilizing constant shape factor formulations

such as Kazemi’s model.

e The results indicate that a transient shape factor can adjust Kazemi’s formulation

significantly in both mixed- and oil-wet cases.

e The dimensionless pressure coefficient factor (a =PDt) versus time indicates that a
relatively higher coefficient factor is required to modify Kazemi’s formulation for
the case with capillary pressure compared to the case where there is no capillary
pressure.

e The results from the initial water saturation study indicate that for a system with
lower water saturation values, using constant shape factor formulations leads to
greater inaccuracy in prediction; therefore, applying the transient shape factor

concept is recommended for accurate modeling of a dual-porosity system.
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The results demonstrate that, regardless of heterogeneity, it is recommended to
utilize the transient shape factor approach for more precise predictions of

modeling a dual-porosity system for thermal recovery processes.

The outcome from the fracture-matrix effective permeability ratio work indicates
that the higher the fracture permeability, the better agreement with the reference
solution.

Kazemi’s formulation may be appropriate for prediction of thermal recovery
processes in a reservoir with massive fracture networks. Hence the assumption of
the pseudo-steady state condition may allow for use of a constant shape factor to

count for the fluid exchange between matrix blocks and fractures.
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CHAPTER 6

6. Model Validation

Model validation is an enabling methodology for the development of computational
models that can be used to make engineering predictions with quantified confidence.
Quantifying the confidence and predictive accuracy of model calculations provides the
decision-maker with the information necessary for making high-consequence decisions.
In order to check the reliability and consistency of the results of any particular model,
capabilities of the model are required to be confirmed and validated with either a physical
model or actual field data. The result of the above described transient shape factor (TSF)
concept is validated against historical field data to check if this model is capable of
reproducing accurate physical processes and recovery mechanisms. The historical
thermal pilot data used in this work is from a full, twelve Cycle Steam Stimulation (CSS)
process, which was conducted in a Grosmont carbonate formation back in 1980. This
outcome clearly indicates that by implementing the TSF approach, significant
improvements are achieved, showing a very good agreement with the actual historical

field data from the CSS pilot.
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6. 1. A Case Study

The Alberta Provincial Government funded pilot projects were administered by
AOSTRA, the Alberta Oil Sand Research and Technology Authority. The work on the
pilots was undertaken by Unocal at two principal sites referred to as Buffalo Creek and
McLean, addressing Grosmont Formation carbonate in both cases. The Buffalo Creek
10A Pilot was commenced twelve cycles of the CSS (Cycle Steam Stimulation) operation

in 1980 and its testing was continued until 1987.

In this section a complex geological model from the Grosmont formation, including a
Discrete Fracture Network (DFN), is used to validate the transient shape factor concept
(Figure 6.1.1). The historical field data from the Buffalo Creek 10A Pilot is used as a
reference case to validate the newly proposed transient shape factor concept and
compared the results with Kazemi’s matrix-fracture shape factor formulation for a dual-
porosity system. Figures 6.1.2 and 6.1.3 show the location of the Buffalo Creek pilot.
The model was constructed and history matched using the commercial thermal simulator,
CMG STARS, from Computer Modeling Group Ltd. Due to confidentiality, the model
description and history matching are not presented here. Figures 6.1.4 through 6.1.6
show the results of the history match. Initially, the model is matched for the entire twelve
cycles applying the default shape factor (Gilman and Kazemi, GK, 1988). Finally, the
history match process is repeated using the transient shape factor approach (TSF). Figure
6.1.7 shows the history matched results using TSF against the conventional shape factor
formulation (Gilman and Kazemi, 1988), while all the other parameters are kept the
same. The dotted lines are the cumulative bitumen and water production and the solid
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lines are the simulation history matched outcome for both with and without applying the
transient shape factor (TSF) model. The results clearly demonstrate that the history
match is improved by utilizing the TSF formulation. This shows that in order to model a
dual-medium system more accurately, a suitable transfer function is required, which can

be modeled via an appropriate transient shape factor formulation.

Figure 6.1. 1: Discrete fracture network (DFN) (Pilot application, Husky Energy, 2013)

75|Page



Buffalo_Creek CSS Pilot

Figure 6.1. 2: Buffalo-Creek 10A Pilot location (Alberta, Canada)

Figure 6.1. 3: Buffalo-Creek 10A Pilot facility (Norwest corporation report, 2008)

76|Page



a0

— — —e —— (il Rate_Hist.

—————— Qil Rate_2im.
B : : :
L 1 1 1 1
% : 1 1 :
=
& A0+ R e
T
[7a]
] @
[}
v
Soanq - e

1953 1984
Time [Date)

1498

Figure 6.1. 4: Oil rate, history matched results (Pilot application, Husky Energy, 2013)

200
= \Water Rate_Hist
Water Riate_Sim.
%% SRR S SO S—
= i
-
@
E b
8 100=4-=nnmemmnnnnn
o
=
o
g
()
=
504--B-F---
[]- T 1
1981 1382 1983 1984 1985 1986 19
Time (Date)

Figure 6.1. 5: Water rate, history matched results (Pilot application, Husky Energy, 2013)

77|Page



5,000

Time (Date)

* Injector_BHP_Hist.
Injector_BHP_Sim.
B 1 e s
z L |
2 3 000 . BI "BECEE TR o
z 1IE A E l | )
2 1 y § 1 ]
& 2,000+ VY B (N Y | L -\ S S
= ™ ' ¥
L 5 1 1
! e
I : !
1,0004------44--2 ; e LLEE T TRETH I I PR e B
[] T : T T II T
1981 1982 1983 1984 1985 1986 19

Figure 6.1. 6: Bottom hole injection pressure, history matched Results (Pilot application,
Husky Energy, 2013)

1.00e+5

8.00e+41

6.00e+41

4.00e+4+

Cumulative Oil SC (m3)

2.00e+41

o Hist. Oil <
Oil_With TSF

Hist. Water

Qil_Without TSF

Water_With TSF

____________________________________________________________________________

0.00e+0-

— Water_Without TSF

______________________________________________________________________________

_______________________________________________________________

___________________________________________________________________________________________________________________

T
1983
Time (Date)

T T
1981 1982

T
1984

T T
1985 1986

1 987|

Figure 6.1. 7: Comparison of history matched results with and without TSF models

78|Page



CHAPTER 7

Summary and Conclusions

This chapter will serve to summarize the results of the work described in this thesis as
well as discuss the overall conclusions. Finally, it will conclude with suggestions for
future studies, which should fill in some of the remaining gaps in presence for a better
understanding of modeling shape factors of dual-media systems for thermal recovery

processes.

7.1. Summary of Results

This research study is divided into three main sections. The first section is focused on the
rate of exchange between the fractures and the matrix when the matrix blocks (fine-grid)
are surrounded by fractures in a water-oil (bitumen) system, based on a single-porosity
simulation model for a thermal recovery method. In the second section, a concept of a
transient shape factor is introduced, which has led to the derivation of a new Thermal
Transfer Function (TTF) and how to compute the transient shape factor (TSF) for non-
isothermal recovery processes. The third section performs a series of sensitivity studies
to identify some of the important factors that have the most significant impact on the
deviation of a dual-medium model with the use of Kazemi’s shape factor formulation

from the reference solution.
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The concept of the new Transient Shape Factor (TSF) is introduced in Chapter 4, where
the new derivation of a transient shape factor for thermal reservoir simulation is
proposed. A MATLAB code is developed and coupled with the CMG STARS to
compute the transient shape factor (TSF). In Chapter 5, the important factors that have
the largest impact on the deviation of the dual-medium model with the use of Kazemi’s
shape factor formulation are determined. Chapter 6 covers the model validation, using

the historical field data of an old CSS pilot in a Grosmont carbonate.

The following summary and conclusions are made based on this study:

e There was an insufficient understanding of an adequate matrix-fracture transfer
shape factor formulation in a dual-porosity system for thermal recovery

mechanisms.

e Most of the existing transfer function formulations (matrix-fracture interaction)
were based on the assumption of orthogonal fracture systems and pseudo-steady
state flow, which are not representative of actual reservoir recovery mechanisms.

e All the suggested analytical solutions were too complicated to be incorporated
directly into current commercial simulators.

e Overall, the results demonstrate that none of the existing dual-porosity models can
be used to generate a consistent match at all times with the reference solution;
particularly, Kazemi’s formulation shows the maximum deviation from the
reference solution (fine grid single-porosity).

e A new transient shape factor (TSF) for non-isothermal, dual-porosity models is
introduced and compared with the existing shape factor models. The results
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clearly show that a transient shape factor is required for an appropriate modeling
of a thermal recovery process in NFRs when using dual-porosity formulations.
The results clearly demonstrate that a constant value of the shape factor (e.g.,
Kazemi’s model) cannot be used to predict the overall performance in dual-media
systems due to invalid assumptions.

A MATLAB code is developed and coupled with the CMG STARS thermal
reservoir simulator to compute the transient shape factor (TSF Estimator tool).
The results indicate that during the early time the pressure drop is steeper for the
reference solution compared to the dual-porosity model using the existing shape
factors, which suggests that all the current shape factors are smaller than that
required.

The transient shape factor estimated is based on Kazemi’s formulation; however,
this methodology can be used to investigate other shape factor formulations and
estimate the transient shape factors.

More complex and non-uniform matrix block sizes feature higher divergence
from the reference solution, when utilizing constant shape factor formulations
such as Kazemi’s model.

The results indicate that a transient shape factor can correct Kazemi’s formulation
significantly in both mixed- and oil-wet cases.

The dimensionless pressure coefficient factor (o =PDt) versus time indicates that a
relatively higher coefficient factor is required to correct Kazemi’s formulation for
the case with capillary pressure compared to the case where there is no capillary

pressure.

8l|Page



The results from the initial water saturation study indicates that for a system with
lower water saturation values, using constant shape factor formulations leads to
grater inaccuracy in prediction; therefore, applying the transient shape factor

concept is recommended for accurate modeling of a dual-porosity system.

The results demonstrate that due to heterogeneous nature of carbonate reservoirs,
Kazemi’s formulation requires a higher coefficient factor, mainly in the early

time, to convert to the transient shape factor with less inaccuracy of outcomes.

The outcome from the fracture-matrix effective permeability ratio work indicates
that the higher the fracture permeability, the better agreement with the reference
solution.

Kazemi’s formulation may be appropriate for prediction of thermal recovery
processes in a reservoir with massive fracture networks. Hence the assumption of
the pseudo-steady state condition may allow the use of a constant shape to

account for the fluid exchange between matrix blocks and fractures.
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7.2. Recommendations for Future Studies

There are still several gaps within the present understanding of modeling dual-media
systems. The current numerical simulation techniques of fractured reservoirs are far from
complete and there are many areas for improvement. Based on the work presented in this
thesis, it is clear that much more work remains to be accomplished regarding a shape
factor function. Nevertheless, the following studies are recommended for future
investigation on a transient shape factor for improving the fluid modeling in dual-media

systems:

e The transient shape factor estimated in this study is focused only on Kazemi’s
formulation. It is recommended to investigate this transient shape factor concept
for other existing shape factor models.

e In this study, the flow transient shape factor is examined only. Thermal transient
shape factor is recommended to be investigated.

e The proposed model has been evaluated using 2D numerical simulation; this work
can be extended to utilizing a complex 3D model.

e The transient shape factor concept can be examined using a complex fracture
model such as Discrete Fracture Network (DFN).

e This method can be tested and validated either using other historical field data or
validated against an experimental work for any recovery mechanisms in naturally

fracture reservaoirs.
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A detailed sensitivity analysis is recommended using a commercial simulator such
as CMOST for better evaluating the impact of reservoir parameters for the
existing shape factor formulations as well as the proposed transient shape factor
model.

This study is focused on thermal recovery processes; the similar technique can be
implemented to evaluate other recovery mechanisms in naturally fractured
reservoirs.

Improve the “TSF Estimator” tool Kit to be more robust and user-friendly.

This study is focused on dual-porosity model; it is recommended the concept of

the transient shape factor in dual-permeability system to be examined.
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Appendix A: Mass and Heat Equations
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Flow Equations:

Mass balance in the matrix blocks for any phase in form of finite differences can be

expressed as follows:

V[Tozm (Vpam - 7/amvz)_Tamf (Pozm - Potf )]:Vb At {¢mﬂsam J (A1)
vV, P Sy
vI:Tc(f (vpaf _7af VZ)+Tamf (Pam - Paf ) + qaf =0 At ﬂ (A2)
of

where o = water, oil, or steam and the subscripts m and f refer to the matrix and the

fractures, respectively.

Flow transmissibility involves a geometric shape factor, which is defined as

K
Tamf = OFf - Km " i, .ﬁa (A.3)

u, = T(Temp) (A. 4)

Therefore, the flow transfer function can be shown as (Kazemi and Gilman, 1976)

Soemf :Tamf [ (Paf _7/afz)_(Pam_7/amZ) ] (A.5)
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Heat Equations:

For the heat transfer equation, it is assumed that thermal equilibrium between the fluid

and the rock matrix is instantaneously achieved (Shutler, 1969). The energy balance law
is expressed as

Conduction H.T + Convection H.T + Heat Source — Heat Loss = Accumutlation (Pore + Rock)

where;

Conduction H.T = VK, .VT

Convection H.T = V [ZPaVaHa]

Heat source (qn) = Y_p, d, H,

= _ oT
Heat loss (q.) K, A éx

Accumulation (Pore + Rock) = %[(gzﬁ > p.H,S, )g +(1-4 )prC,T]

a = water, oil, or steam, = matrix or fracture, H = enthalpy, and the subscript r refers to

the reservoir rock (assuming no convection in the matrix and no conduction in the
fractures).

VK, VT =T o (T —T;m):g[((bz pH,S,) +A-4,)0C.T| (a8

V(Zpaf K%af Haf(vpaf — YV VZ)j-i-qu + 0 +T et (Tozf _Tam)zg [(¢Z P, H, Sa)f]

(A7)
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In thermal modeling, the matrix-fracture interactions involve both fluid exchange and
heat exchange (van Heel et al., 2008). Therefore, the heat or energy transfer function can

be described as:
Fomt =T ot (Taf —Tam) (A.8)

The heat or energy transfer transmissibility can be defined as follow. However, this study
focused on the flow transient shape only and thermal transient shape factor is

recommended to be investigated by describing a suitable thermal transmissibility factor.
T at =07 . —2 A9
where O+ can be defined as a thermal shape factor, and o = water, oil, or steam.

To compute a flow transient shape factor, a dimensionless average pressure F’Dt 5

introduced as:

S )
0. =|p _p (A.9)

P, = (A.10)
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o, is an exponent factor which is a time-dependent factor and can be expressed as a ratio

of the matrix pressure and the fracture pressure at each time step:

[P
=Y Pft (A.11)

¥ is a coefficient factor, which depends on the rock wettability ranging from 1.25 to 3.75.

Flow transient shape factor, °ro :

Ore = 42( %_Zj P, (A12)

Thermal transient shape factor,° o :

°n paCa
Ory =T ot K (A.13)
ah

Thermal Transient Transfer function:

P i wt
T.T.F = 4374, 1/Li .(Pmif_ Pi) K.Ky/u (P — Py (A.14)
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Appendix B: MATLAB Code
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o\

o\

Coupling CMG STARS to Calculate the TSF
No Accum_ TSF Kazemi Coupling w Vari Time Step Run

$ T1
%$Time Step RUNS...!....Variable w
statusl = dos(['"C:\Program Files

(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd
'"TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

oe

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6 'r');

C = textscan(fid,
fclose (fid) ;
C=C{:};

%s

A = ~cellfun(@isempty,

ind = A;
B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput',

, 'Delimiter','");

strfind(C, 'Ave Pres POVO'));

E=cellfun(@str2num,D, 'un',0);

FO = cell2mat (E);

A = ~cellfun (@isempty,

ind = A;
B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput',

strfind(C, 'The Time is'));

E=cellfun(@str2num,D, 'un',0);

FO0(2:45,3) = cell2mat(E);
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o\

FO(:,4)=(FO(:,1)./(FO(:,2)=FO0(1,1)))."(w);

FO(4,5)=(F0(4,4)+F0(5,4))./2;
Coff0 = FO0(4,5);

fid = fopen('Coff.txt','w', 'n');

$fid = fopen('Coff.txt','a+');
fprintf (fid, "*TRANSI *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff0);

fclose (fid);

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',Coff0);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff0);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',Coff0);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',Coff0);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff0);

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

%read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 50') %or other comparison functions
1 = fgetl (bigfid);

end

insertpos = ftell (bigfid); %memorise insertion point
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remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion

fseek (bigfid, insertpos, 'bof'); Srewind to insertion point

fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid);

fclose (infidl);

status2 = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'TSF Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6 'r');

C = textscan(fid, '%s','Delimiter','");
fclose (fid) ;
C=Cl{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));

ind = A;
B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);
E=cellfun(@str2num,D, 'un',0);

Fl = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));

ind = A;

B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);

E=cellfun(@str2num,D, 'un',0);

F1(2:45,3) = cell2mat(E);
Fl(:,6)=a*((F1(:,2)./(F1(:,1))));
i = 100;

Time= F1(:,3)==1i;
w = F1(Time, 6);
Fl(:,4)=(F1(:,1)./(F1(:,2)-F1(1,1)))."~(w);

Coffl = F1(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSME CON )
fprintf (fid, '$f\n',Coffl);

fclose (fid) ;

fid = fopen('Coff.txt','a+");
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fprintf (fid, ' *TRANSI *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',Coffl);
fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coffl);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coffl);

fclose (fid);

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',Coffl);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coffl);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coffl);

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode
infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode
%read lines until you get to the insertion point:
1 = fgetl(bigfid); %read first line
while ~strcmp(l, 'TIME 100') %or other comparison functions
1 = fgetl (bigfid);

end

insertpos = ftell (bigfid); %memorise insertion point

remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion

fseek (bigfid, insertpos, 'bof'); S%rewind to insertion point

fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid);

fclose (infidl) ;

ST2
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status3 = dos(['"C:\Program Files

(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6'r');

C = textscan(fid, '%s','Delimiter','");

fclose (fid) ;

C = C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));

ind = A;
B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);
E=cellfun(@str2num,D, 'un',0);

F2 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));

ind = A;

B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);

E=cellfun(@str2num,D, 'un',0) ;

F2(2:45,3) = cell2mat(E);
F2(:,6)=a* ((F2(:,2)./(F2(:,1)))):
J o= 2*i;

Time= F2(:,3)==7;
w = F2(Time, 6);
F2(:,4)=(F2(:,1)./(F2(:,2)-F2(1,1))) .~ (w);

Coff2 = F2(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSMF CON ") ;
fprintf (fid, '$f\n',Coff2);

fclose (fid);

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *MATRIX IJK 1:19 1:19 1:1 '");
fprintf (fid, '$f\n',Coff2);

fclose (fid);

fid = fopen('Coff.txt','a+");
fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ")
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fprintf (fid, '$f\n',Coff2);
fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff2);

fclose (fid);

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff2);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff2);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff2);

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode
infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode
%read lines until you get to the insertion point:
1 = fgetl(bigfid); %read first line
while ~strcmp(l, 'TIME 200') %or other comparison functions
1 = fgetl (bigfid);
end
insertpos = ftell (bigfid); %memorise insertion point
remainder fread(bigfid); %read the rest of the file to rewrite after
insertion
fseek (bigfid, insertpos, 'bof'); %rewind to insertion point
fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point
fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid);
fclose (infidl) ;

T3

status4 = dos(['"C:\Program Files

(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out','r');
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C = textscan(fid, '%s', 'Delimiter','");

fclose (fid) ;

C = C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));

ind = A;
B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);
E=cellfun (@str2num,D, 'un',0);

F3 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));

ind = A;

B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput',6 false);

E=cellfun(@str2num,D, 'un',0);

F3(2:45,3) = cell2mat(E);
F3(:,6)=a* ((F3(:,2)./(F3(:,1)))):
j o= 2*i+i;

Time= F3(:,3)==73;

w = F3(Time, 6);
F3(:,4)=(F3(:,1)./(F3(:,2)-F3(1,1)))."(w);
Coff3 = F3(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSME CON ') ;
fprintf (fid, '$f\n',Coff3);

fclose (fid);

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *MATRIX IJK 1:19 1:19 1:1 )
fprintf (fid, '$f\n',Coff3);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff3);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (£id, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff3);

fclose (fid) ;

fid = fopen('Coff.txt','a+'");
fprintf (£id, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ")
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fprintf (fid, '$f\n',Coff3);
fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff3);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff3);

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

%read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 300') %or other comparison functions
1 = fgetl (bigfid);
end
insertpos = ftell(bigfid); %memorise insertion point
remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion
fseek (bigfid, insertpos, 'bof'); %rewind to insertion point
fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid);
fclose (infidl);

$T4

status5 = dos(['"C:\Program Files

(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6'r');

C = textscan(fid, '%s','Delimiter',''");
fclose (fid) ;
C=C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));

ind = A;
B=C (ind) ;
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D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);

E=cellfun (@str2num,D, 'un',0);

F4 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));
ind = A;
B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);

E=cellfun(@str2num,D, 'un',0);

F4(2:45,3) = cell2mat(E);
F4(:,6)=a*((F4(:,2)./(F4(:,1))));
3 = 3*i+i;

Time= F4(:,3)==7;

w = F4(Time, 6);
F4(:,4)=(F4(:,1)./(F4(:,2)-F4(1,1)))."(w);
Coffd4d = F4(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSME CON ")
fprintf (fid, '$f\n',Coff4);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANST *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '%f\n',Coff4);

fclose (fid);

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff4);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (£id, '$f\n',Coff4);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, ' *TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff4);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (£id, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff4);

fclose (fid) ;
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fid = fopen('Coff.txt','a+");

fprintf (£fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff4);

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

$read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 400'"') %or other comparison functions
1 = fgetl (bigfid);
end
insertpos = ftell (bigfid); %memorise insertion point
remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion

fseek (bigfid, insertpos, 'bof'); Srewind to insertion point

fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid) ;

fclose (infidl);

TS5

status6 = dos(['"C:\Program Files

(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'"TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6 'r');

C = textscan(fid, '%s', 'Delimiter',''");
fclose (fid) ;
C = C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));

ind = A;
B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);
E=cellfun (@str2num,D, 'un',0);
F5 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));
ind = A;
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B=C (ind) ;
D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);
E=cellfun(@str2num,D, 'un',0);

F5(2:45,3) = cell2mat(E);
F5(:,6)=a* ((F5(:,2)./(F5(:,1))));

j o= 4*i+i;

Time= F5(:,3)==73;

w = F5(Time, 6);
F5(:,4)=(F5(:,1)./(F5(:,2)-F5(1,1))) ."(w);

Coff5 = F5(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSME CON ),
fprintf (fid, '$f\n',Coff5);

fclose (fid) ;

o

fid = fopen('Coff.txt', 'a+"');
fprintf (£fid, ' *TRANSMULT *ACCUMULATE ),
fprintf (fid, '$f\n"',"'");

fclose (fid) ;

o° oo

oe

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',Coff5);

fclose (fid);

fid = fopen('Coff.txt','at+');

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff5);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',Coff5);

fclose (fid);

fid = fopen('Coff.txt','a+");

fprintf (fid, ' *TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff5);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, ' *TRANSK *MATRIX IJK 1:19 1:19 1:1 )
fprintf (fid, '$f\n',Coff5);

fclose (fid) ;

fid = fopen('Coff.txt','a+');
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fprintf (fid, ' *TRANSK *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',Coff5);
fclose (fid) ;

%# read & write to other file

bigfid = fopen('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

$read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 500') %or other comparison functions
1 = fgetl (bigfid);
end
insertpos = ftell (bigfid); %memorise insertion point
remainder = fread(bigfid); %$read the rest of the file to rewrite after
insertion
fseek (bigfid, insertpos, 'bof'); S%Srewind to insertion point

fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid);

fclose (infidl) ;

$T6

status7 = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6'r');

C = textscan(fid, '%s', 'Delimiter',''");
fclose (fid) ;
C = C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));
ind = A;

B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);
E=cellfun (@str2num,D, 'un',0);

F6 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));

ind = A;

B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);
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E=cellfun(@str2num,D, 'un',0);
F6(2:45,3) = cell2mat(E);
F6(:,6)=a*((F6(:,2)./(F6(:,1))));

j = 5%i+i;

Time= F6(:,3)==7;

w = F6(Time, 6);
F6(:,4)=(F6(:,1)./(F6(:,2)-F6(1,1)))."(w);
Coff6 = F6(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, '*TRANSME CON ")
fprintf (fid, '$f\n',Coffo6);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, "*TRANSI *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coffo6);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',Coff6);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, ' *TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coffo6);

fclose (fid) ;

fid = fopen('Coff.txt','at+');

fprintf (fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',Coff6);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, ' *TRANSK *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',Coff6);

fclose (fid);

fid = fopen('Coff.txt','a+");
fprintf (fid, ' *TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")

fprintf (fid, '$f\n',Coff6);
fclose (fid) ;

$# read & write to other file
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bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

$read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 600') %or other comparison functions
1 = fgetl (bigfid);
end
insertpos = ftell (bigfid); %memorise insertion point
remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion

fseek (bigfid, insertpos, 'bof'); Srewind to insertion point

fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid);

fclose (infidl);

ST

status8 = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'"TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6 'r');

C = textscan(fid, '%s', 'Delimiter','");
fclose (fid) ;
C=C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));
ind = A;

B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);
E=cellfun(@str2num,D, 'un',0) ;

F7 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));

ind = A;

B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);

E=cellfun (@str2num,D, 'un',0);

F7(2:45,3) = cell2mat(E);
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F7(:,6)=a*((F7(:,2)./(F7(:,1))));

J = 6*i+i;

Time= F7(:,3)==73;

w = F7(Time, 6);
F7(:,4)=(F7(:,1)./(F7(:,2)-F7(1,1)))."(w);
Coff7 = F7(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSMEF CON )
fprintf (fid, '$f\n',Coff7);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, "*TRANSI *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff7);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',Coff7);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff7);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',Coff7);

fclose (fid);

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',Coff7);

fclose (fid);

fid = fopen('Coff.txt','at+');

fprintf (fid, ' *TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',Coff7);

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

%read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line
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while ~strcmp(l, 'TIME 700') %or other comparison functions
1 = fgetl (bigfid);

end

insertpos = ftell (bigfid); %memorise insertion point

remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion

fseek (bigfid, insertpos, 'bof'); S%Srewind to insertion point

fwrite(bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid);

fclose (infidl) ;

T8

status9 = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'"TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6'r');

C = textscan(fid, '%s','Delimiter','");
fclose (fid) ;
C = C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));
ind = A;

B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);
E=cellfun(@str2num,D, 'un',0);

F8 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);

E=cellfun (@str2num,D, 'un',0);

F8(2:45,3) = cell2mat(E);
F8(:,6)=a*((F8(:,2)./(F8(:,1))));
3= Txiti;

Time= F8(:,3)==7;

w = F8(Time, 6);
F8(:,4)=(F8(:,1)./(F8(:,2)-F8(1,1)))."(w);
CofF8 = F8(Time, 4);
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fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSME CON ")
fprintf (fid, '$f\n',CofF8);

fclose (fid);

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF8);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '"*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF8);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF8);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF8);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF8);

fclose (fid) ;

fid = fopen('Coff.txt','a+'");

fprintf (fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF8);

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); S%open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

%read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 800') %or other comparison functions
1 = fgetl(bigfid);
end
insertpos = ftell(bigfid); %memorise insertion point
remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion

fseek (bigfid, insertpos, 'bof'); %$rewind to insertion point
fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

114|Page



fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid);
fclose (infidl);

3T9

statusl0 = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'TSF Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6 'r');

C = textscan(fid, '%s', 'Delimiter','");
fclose (fid);
C =C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));
ind = A;

B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);
E=cellfun(@str2num,D, 'un',0);

F9 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));

ind = A;

B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);

E=cellfun(@str2num,D, 'un',0) ;

F9(2:45,3) = cell2mat(E);
FO(:,6)=a*((F9(:,2)./(F9(:,1))));
J = 8%i+i;

Time= F9(:,3)==7;

w = F9(Time, 6);
FO(:,4)=(F9(:,1)./(F9(:,2)-F9(1,1)))."(w);
CofF9 = F9(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSME CON I
fprintf (fid, '$f\n',CofF9);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSI *MATRIX IJK 1:19 1:19 1:1 '");
fprintf (fid, '$f\n',CofF9);

fclose (fid);

fid = fopen('Coff.txt','a+");
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fprintf (£id, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF9);
fclose (fid);

fid = fopen('Coff.txt','a+');

fprintf (fid, ' *TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF9);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (£fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF9);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF9);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF9);

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); S%open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

%read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 900') %or other comparison functions
1 = fgetl (bigfid);
end
insertpos = ftell (bigfid); %memorise insertion point
remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion
fseek (bigfid, insertpos, 'bof'); %rewind to insertion point

fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid);

fclose (infidl) ;

$T10

statusll = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'"TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);
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fid = fopen('TSF Kazemi w Vari Time Step Run.out',6'r');

C = textscan(fid, '%s', 'Delimiter','");
fclose (fid) ;
C = C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));
ind = A;

B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);
E=cellfun(@str2num,D, 'un',0);

F10 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));

ind = A;

B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);

E=cellfun (@str2num,D, 'un',0);

F10(2:45,3) = cell2mat (E);
F10(:,6)=a* ((F10(:,2)./(F10(:,1))));
J o= 9%i+i;

Time= F10(:,3)==7;

w = F10(Time, ©60);
F10(:,4)=(F10(:,1)./(F10(:,2)-F10(1,1))) .~ (w);
CofF10 = F10(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSME CON ),
fprintf (fid, '$f\n',CofF10);
fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF10);

fclose (fid) ;

fid = fopen('Coff.txt','a+');
fprintf (£id, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ")

fprintf (fid, '$f\n',CofF10) ;
fclose (fid) ;

fid = fopen('Coff.txt','a+");
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fprintf (£id, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, "$f\n',CofF10) ;
fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF10);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, ' *TRANSK *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF10);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF10);

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode
infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode
$read lines until you get to the insertion point:
1 = fgetl(bigfid); %read first line
while ~strcmp(l, 'TIME 1000") %or other comparison functions
1 = fgetl (bigfid);
end
insertpos = ftell (bigfid); %memorise insertion point
remainder fread(bigfid); %read the rest of the file to rewrite after
insertion
fseek (bigfid, insertpos, 'bof'); %S$rewind to insertion point
fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point
fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid) ;
fclose (infidl) ;

3T11

statusl2 = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'"TSF Kazemli w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out','r');

C = textscan(fid, '%s','Delimiter',''");
fclose (fid) ;
C = C{:};
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A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));
ind = A;

B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);

E=cellfun(@str2num,D, 'un',0);

F11

cell2mat (E) ;

4

A = ~cellfun(@isempty, strfind(C, 'The Time is'));
ind = A;
B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);
E=cellfun(@str2num,D, 'un',0);

F11(2:45,3) = cell2mat(E);
Fll(:,6)=a*((F11(:,2)./(F11(:,1))));

J o= 11%i+i;

Time= F11(:,3)==73;

w = F11(Time, 6);
F11(:,4)=(F11(:,1)./(F11(:,2)-F11(1,1))) ."(w);
CofFll = F11(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSME CON ")
fprintf (fid, '$f\n',CofF11);
fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANST *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF11);

fclose (fid);

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (f£id, '$f\n',CofF11);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, ' *TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF11);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (£id, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF11);

fclose (fid) ;

119 |Page



fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF11);

fclose (fid);

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, "$f\n',CofF11);

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

$read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 1200') %or other comparison functions
1 = fgetl (bigfid);
end
insertpos = ftell (bigfid); S%memorise insertion point
remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion

fseek (bigfid, insertpos, 'bof'); S$rewind to insertion point

fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid);

fclose (infidl);

$T12

statusl3 = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'"TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6 'r');

C = textscan(fid, '%s', 'Delimiter','");
fclose (fid) ;
C = C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));
ind = A;

B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);
E=cellfun(@str2num,D, 'un',0);
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Fl2 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));
ind = A;
B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);
E=cellfun(@str2num,D, 'un',0);

F12(2:45,3) = cell2mat(E);
F12(:,6)=a* ((F12(:,2)./(F12(:,1))));

J o= 13*i+1i;

Time= F12(:,3)==7;

w = F12(Time, 6);
F12(:,4)=(F12(:,1)./(F12(:,2)-F12(1,1))) .~ (w);
CofFl2 = F12(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSMF CON '");
fprintf (fid, '$f\n',CofF12);
fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSI *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF12);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 '");
fprintf (fid, '$f\n',CofF12);

fclose (fid);

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF12);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, ' *TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF12);

fclose (fid);

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF12);

fclose (fid);

fid = fopen('Coff.txt','a+');

fprintf (fid, ' *TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF12);
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fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

$read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 1400') %or other comparison functions
1 = fgetl (bigfid);
end
insertpos = ftell (bigfid); S%memorise insertion point
remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion

fseek (bigfid, insertpos, 'bof'); S$rewind to insertion point

fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid);

fclose (infidl);

ST13

statusld = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'"TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6'r');

C = textscan(fid, '%s', 'Delimiter','");
fclose (fid) ;
C =C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));
ind = A;

B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);
E=cellfun (@str2num,D, 'un',0);

F13 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));

ind = A;

B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);

E=cellfun (@str2num,D, 'un',0);
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F13(2:45,3) = cell2mat(E);
F13(:,6)=a* ((F13(:,2)./(F13(:,1))));

3 = 15%i+i;

Time= F13(:,3)==73;

w = F13(Time, 6);
F13(:,4)=(F13(:,1)./(F13(:,2)-F13(1,1))) .7 (w);
CofF1l3 = F13(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSMEF CON )
fprintf (fid, '$f\n',CofF13);
fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, "*TRANSI *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF13);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF13);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF13);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF13);

fclose (fid) ;

fid = fopen('Coff.txt','at+');

fprintf (fid, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF13);

fclose (fid);

fid = fopen('Coff.txt','a+");

fprintf (fid, ' *TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF13);

fclose (fid);

$# read & write to other file

bigfid = fopen('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); S%open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode
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$read lines until you get to the insertion point:
1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 1600') %or other comparison functions
1 = fgetl (bigfid);
end
insertpos = ftell (bigfid); %memorise insertion point
remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion

fseek (bigfid, insertpos, 'bof'); Srewind to insertion point

fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid) ;

fclose (infidl);

$T14

statusl5 = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'"TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6 'r');

C = textscan(fid, '%s','Delimiter','");
fclose (fid) ;
C = C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));

ind = A;
B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);
E=cellfun(@str2num,D, 'un',0);

Fl4 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));

ind = A;

B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);

E=cellfun (@str2num,D, 'un',0);

F14(2:45,3) = cell2mat(E);
Fl4(:,6)=a* ((F14(:,2)./(F14(:,1))));

J o= 17*i+1i;

Time= F14(:,3)==73;

w = F14(Time, 6);
Fl4(:,4)=(F14(:,1)./(F14(:,2)-F14(1,1))) .~ (w);
CofFl4 = F14(Time, 4);
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fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSME CON )
fprintf (fid, "$f\n',CofF14);
fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, "*TRANSI *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF14);

fclose (fid);

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF14);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF14);

fclose (fid) ;

fid = fopen('Coff.txt','a+'");

fprintf (fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF14);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF14);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (£id, '$f\n',CofF14) ;

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %Sopen the other file in read text
mode

%$read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 1800') %or other comparison functions
1 = fgetl (bigfid);
end
insertpos = ftell(bigfid); %memorise insertion point
remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion
fseek (bigfid, insertpos, 'bof'); Srewind to insertion point

125|Page



fwrite (bigfid, fread(infidl)); S%copy content of other file at insertion
point

fwrite(bigfid, remainder); %and write back the rest of the big file
fclose (bigfid);

fclose (infidl) ;

ST15

statusl6e = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'TSF Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6 'r');

C = textscan(fid, '%s','Delimiter','');
fclose (fid) ;
C = C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));

ind = A;
B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);

E=cellfun (@str2num,D, 'un',0);

F15 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));
ind = A;
B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);
E=cellfun(@str2num,D, 'un',0);

F15(2:45,3) = cellZ2mat(E);
F15(:,6)=a* ((F15(:,2)./(F15(:,1))));

J o= 19%i+i;

Time= F15(:,3)==7;

w = F15(Time, 6);
F15(:,4)=(F15(:,1)./(F15(:,2)-F15(1,1))) .~ (w);
CofF1l5 = F15(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSMF CON '");
fprintf (fid, '$f\n',CofF15);
fclose (fid) ;
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fid = fopen('Coff.txt','a+');

fprintf (fid, "*TRANSI *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF15);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, "$f\n',CofF15);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF15);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF15);

fclose (fid) ;

fid = fopen('Coff.txt','a+'");

fprintf (fid, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '"$f\n',CofF15);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF15);

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

%$read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 2000'") %or other comparison functions
1 = fgetl (bigfid);
end
insertpos = ftell (bigfid); %memorise insertion point
remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion
fseek (bigfid, insertpos, 'bof'); S%rewind to insertion point

fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid) ;

fclose (infidl) ;
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$T16

statusl7 = dos(['"C:\Program Files

(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'

'"TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);
fid = fopen('TSF Kazemi w Vari Time Step Run.out',6 'r');

C = textscan(fid, '%s','Delimiter','");
fclose (fid) ;
C = C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));
ind = A;
B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);
E=cellfun (@str2num,D, 'un',0);
F16 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));
ind = A;
B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput',6 false);
E=cellfun(@str2num,D, 'un',0);

F16(2:45,3) = cell2mat(E);
F16(:,6)=a* ((F16(:,2)./(F16(:,1))));

j o= 21*i+i;

Time= F16(:,3)==7;

w = F16(Time, 6);
Fl16(:,4)=(Fl6(:,1)./(F1l6(:,2)-Fl6(1,1))) ."(w);
CofF16 = F16(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSMF CON ') ;
fprintf (fid, '$f\n',CofF16) ;
fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *MATRIX IJK 1:19 1:19 1:1 )
fprintf (fid, '$f\n',CofF16) ;

fclose (fid);

fid = fopen('Coff.txt','a+');

fprintf (fid, ' *TRANSI *FRACTURE IJK 1:19 1:19 1:1 ");
fprintf (fid, '$f\n',CofF16);

fclose (fid) ;
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fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, "$f\n',CofF16);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF16);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, ' *TRANSK *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF16);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF16);

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode
infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode
$read lines until you get to the insertion point:
1 = fgetl(bigfid); %read first line
while ~strcmp(l, 'TIME 2200') %or other comparison functions
1 = fgetl(bigfid);
end
insertpos = ftell (bigfid); %memorise insertion point
remainder fread (bigfid); %read the rest of the file to rewrite after
insertion
fseek (bigfid, insertpos, 'bof'); %S$rewind to insertion point
fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point
fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid) ;
fclose (infidl);

sT17

statusl8 = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'"TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out','r');

C = textscan(fid, '%s','Delimiter','");
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fclose (fid) ;
C = C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));
ind = A;

B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);

E=cellfun (@str2num,D, 'un',0);

F17 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));
ind = A;
B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput',6 false);
E=cellfun (@str2num,D, 'un',0);

F17(2:45,3) = cell2mat(E);
F17(:,6)=a*((F17(:,2)./(F17(:,1))));

j = 23*i+i;

Time= F17(:,3)==73;

w = F17(Time, ©6);
F17(:,4)=(F17(:,1)./(F17(:,2)=-F17(1,1))) .~ (w);
CofF17 = F17(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSME CON ') ;
fprintf (fid, '$f\n',CofF17);
fclose (fid);

fid = fopen('Coff.txt','at+');

fprintf (fid, '*TRANSI *MATRIX IJK 1:19 1:19 1:1 )
fprintf (fid, '%f\n',CofF17);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ");
fprintf (fid, '$f\n',CofF17);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (£id, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF17);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, ' *TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF17);

fclose (fid) ;
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fid = fopen('Coff.txt','a+");

fprintf (fid, ' *TRANSK *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF17);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, "$f\n',CofF17);

fclose (fid);

%# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

$read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 2400') %or other comparison functions
1 = fgetl (bigfid);
end
insertpos = ftell (bigfid); %memorise insertion point
remainder = fread(bigfid); %$read the rest of the file to rewrite after
insertion

fseek (bigfid, insertpos, 'bof'); %S$rewind to insertion point

fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid);

fclose (infidl);

sT18

statusl9 = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6 'r');

C = textscan(fid, '%s','Delimiter','");
fclose (fid) ;
C = C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));
ind = A;

B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);

E=cellfun(@str2num,D, 'un',0);
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F18 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C,'The Time is'));
ind = A;
B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);
E=cellfun (@str2num,D, 'un',0);

F18(2:45,3) = cellZ2mat(E);
F18(:,6)=a* ((F18(:,2)./(F18(:,1))));

J = 25%i+i;

Time= F18(:,3)==73;

w = F18(Time, 6);
F18(:,4)=(F18(:,1)./(F18(:,2)-F18(1,1))) ."(w);
CofF18 = F18(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSMF CON '");
fprintf (fid, "$f\n',CofF18);
fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, "*TRANSI *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF18);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF18);

fclose (fid);

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF18);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, ' *TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF18);

fclose (fid);

fid = fopen('Coff.txt','a+");

fprintf (fid, ' *TRANSK *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF18);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, ' *TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF18);

fclose (fid) ;
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%$# read & write to other file

bigfid = fopen('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

%read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 2600') %or other comparison functions
1 = fgetl(bigfid);
end
insertpos = ftell (bigfid); %memorise insertion point
remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion
fseek (bigfid, insertpos, 'bof'); %Srewind to insertion point

fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid) ;

fclose (infidl) ;

$T19

status20 = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'"TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6'r');

C = textscan(fid, '%s', 'Delimiter',''");
fclose (fid) ;
C = C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));
ind = A;

B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);
E=cellfun(@str2num,D, 'un',0);

F19 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));

ind = A;

B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);

E=cellfun (@str2num,D, 'un',0);

F19(2:45,3) = cellZ2mat(E);
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F19(:,6)=a* ((F19(:,2)./(F19(:,1))));

J o= 27*i+1i;

Time= F19(:,3)==73;

w = F19(Time, 6);
F19(:,4)=(F19(:,1)./(F19(:,2)-F19(1,1))) . (w);
CofF19 = F19(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSMEF CON )
fprintf (fid, "$f\n',CofF19);
fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, "*TRANSI *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF19);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF19);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF19);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF19);

fclose (fid);

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF19);

fclose (fid);

fid = fopen('Coff.txt','at+');

fprintf (fid, ' *TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF19);

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

%read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line
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while ~strcmp(l, 'TIME 2800') %or other comparison functions
1 = fgetl (bigfid);

end

insertpos = ftell (bigfid); %memorise insertion point

remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion

fseek (bigfid, insertpos, 'bof'); S%Srewind to insertion point

fwrite(bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid);

fclose (infidl) ;

3T20

status2l = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'"TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6'r');

C = textscan(fid, '%s', 'Delimiter','');
fclose (fid) ;
C =C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));
ind = A;

B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);
E=cellfun(@str2num,D, 'un',0) ;

F20 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));

ind = A;

B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);

E=cellfun(@str2num,D, 'un',0);

F20(2:45,3) = cell2mat(E);
F20(:,6)=a* ((F20(:,2)./(F20(:,1))));

J o= 29%i+i;

Time= F20(:,3)==73;

w = F20(Time, 6);
F20(:,4)=(F20(:,1)./(F20(:,2)-F20(1,1))) .~ (w);
CofF20 = F20(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSME CON ")
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fprintf (fid, "$f\n',CofF20) ;
fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, "*TRANSI *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF20);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, "$f\n',CofF20) ;

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, "$f\n',CofF20) ;

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF20) ;

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, "$f\n',CofF20) ;

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF20) ;

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

%read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 3000') %or other comparison functions
1 = fgetl (bigfid);
end
insertpos = ftell(bigfid); %memorise insertion point
remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion
fseek (bigfid, insertpos, 'bof'); %rewind to insertion point

fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid) ;
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fclose (infidl) ;
$T21

status22 = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'"TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out',6'r');

C = textscan(fid, '%s', 'Delimiter','");

fclose (fid) ;

C = C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));
ind = A;

B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);

E=cellfun (@str2num,D, 'un',0);

F21 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));
ind = A;
B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput', false);

E=cellfun(@str2num,D, 'un',0);
F21(2:45,3) = cell2mat(E);
F21(:,6)=a* ((F21(:,2)./(F21(:,1))));

3 = 38*i+i;

Time= F21(:,3)==7;

w = F21 (Time, 6);

F21 (:,4)=(F21(:,1)./(F21(:,2)-F21(1,1)))."(w);
CofF21 = F21(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSME CON ")
fprintf (fid, '$f\n',CofF21);
fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSI *MATRIX IJK 1:19 1:19 1:1 '");
fprintf (fid, '$f\n',CofF21);

fclose (fid);

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF21);

fclose (fid);
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fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, "$f\n',CofF21);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF21);

fclose (fid);

fid = fopen('Coff.txt','a+');

fprintf (fid, ' *TRANSK *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, "$f\n',CofF21);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF21);

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode
infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode
%$read lines until you get to the insertion point:
1 = fgetl(bigfid); %read first line
while ~strcmp(l, 'TIME 3900') %or other comparison functions
1 = fgetl(bigfid);
end
insertpos = ftell (bigfid); %memorise insertion point
remainder fread (bigfid); %read the rest of the file to rewrite after
insertion
fseek (bigfid, insertpos, 'bof'); %S$rewind to insertion point
fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point
fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid) ;
fclose (infidl);

sT22

status23 = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'"TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);

fid = fopen('TSF Kazemi w Vari Time Step Run.out','r');

C = textscan(fid, '%s','Delimiter',''");
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fclose (fid) ;
C = C{:};

A = ~cellfun(@isempty, strfind(C, 'Ave Pres POVO'));
ind = A;

B=C (ind) ;

D=cellfun(@(x) x(30:end), B, 'UniformOutput', false);

E=cellfun (@str2num,D, 'un',0);

F22 = cell2mat (E);

A = ~cellfun(@isempty, strfind(C, 'The Time is'));
ind = find(2);
B=C (ind) ;

D=cellfun(@(x) x(14:25), B, 'UniformOutput',6 false);
E=cellfun (@str2num,D, 'un',0);

F22(2:45,3) = cell2mat(E);
F22(:,6)=a* ((F22(:,2)./(F22(:,1))));

J = 49%i+i;

Time= F22(:,3)==73;

w = F22(Time, 6);
F22(:,4)=(F22(:,1)./(F22(:,2)=-F22(1,1))) .~ (w);
CofF22 = F22(Time, 4);

fid = fopen('Coff.txt','w', 'n');
fprintf (fid, ' *TRANSME CON ') ;
fprintf (fid, '$f\n',CofF22);
fclose (fid);

fid = fopen('Coff.txt','at+');
fprintf (fid, ' *TRANSMULT *ACCUMULATE ")
fprintf (£id, '$f\n', ' ");

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSI *MATRIX IJK 1:19 1:19 1:1 ');
fprintf (fid, '$f\n',CofF22);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (£id, '*TRANSI *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF22);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, ' *TRANSJ *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF22);

fclose (fid) ;
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fid = fopen('Coff.txt','a+");

fprintf (£fid, '*TRANSJ *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, "$f\n',CofF22);

fclose (fid) ;

fid = fopen('Coff.txt','a+");

fprintf (fid, '*TRANSK *MATRIX IJK 1:19 1:19 1:1 ")
fprintf (fid, "$f\n',CofF22);

fclose (fid) ;

fid = fopen('Coff.txt','a+');

fprintf (fid, '*TRANSK *FRACTURE IJK 1:19 1:19 1:1 ")
fprintf (fid, '$f\n',CofF22);

fclose (fid) ;

$# read & write to other file

bigfid = fopen ('TSF Kazemi w Vari Time Step Run.dat', 'rt+'); %open the
big file in read/write text mode

infidl = fopen('Coff.txt', 'rt'); %open the other file in read text
mode

%read lines until you get to the insertion point:

1 = fgetl(bigfid); %read first line

while ~strcmp(l, 'TIME 5000') %or other comparison functions
1 = fgetl (bigfid);
end
insertpos = ftell (bigfid); %memorise insertion point
remainder = fread(bigfid); %read the rest of the file to rewrite after
insertion
fseek (bigfid, insertpos, 'bof'); %rewind to insertion point

fwrite (bigfid, fread(infidl)); %copy content of other file at insertion
point

fwrite (bigfid, remainder); %and write back the rest of the big file
fclose (bigfid);

fclose (infidl);

status24 = dos(['"C:\Program Files
(x86) \CMG\STARS\2013.10\Win x64\EXE\st201310.exe" -f "' pwd "\'
'"TSF _Kazemi w Vari Time Step Run.dat" -log -parasol 4']);
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