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Abstract The increasing demand for crude oil makes it necessary to consider fac-
tors that increase the productivity of the reservoirs. One of these factors is fracture
that is found naturally or produced hydraulically, where the fracture improves reser-
voir flow and connectivity. The most common characteristics of naturally fractured
reservoirs (NFRs) are the fractures directionality. In this review, the most important
characteristics and parameters that affect the fracture have been explained. In addi-
tion, the simulations of the fracture phenomena have been cleared. The difference
among the models that solved the fracture problems are; discrete fracture model
(DFM), dual porosity model (DPM), embedded discrete fracture model (EDFM),
and hybrid models DP and EDFM (DP + EDFM) are shown with characteristics
of each model. The present study focused on the shape factor and the direction of
the fracture to show their effects on the performance of the petroleum reservoir. In
addition, the review of general important parameters for the fractured reservoirs has
been presented.
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1 Introduction

All petroleum reservoirs contain natural fractures due to the earth layers stress. The
man-made fractures result from drilling activities and increase in pore pressure dur-
ing the injection operations. The naturally fractured reservoir (NFR) is a randomly
located fracture networks in earth layers. The injection and production practices
caused a redistribution of the earth stresses [1, 2]. Characteristics of fracture net-
works such as shape, dimensions, orientations, rocks properties of fracture matrix,
etc. They are important in order to enhance the productivity of the reservoir. For
fractured reservoirs, obtaining the right data and forecasting the reservoir perfor-
mance is much more difficult than for the conventional reservoir. Naturally fractured
reservoirs (NFRs) characterized are difficult for the engineers to predict because of
the constructions of the fractures and nature of rocks and fluid (phases, wettability,
capillary, etc.). It is important to establish some basic criteria for recognizing the frac-
tures, since the fractures are an important element in performance of NFR. Fractures
occur in preferential directions, determined by the direction of regional stress [3].
This is usually parallel to the direction of nearby faults or folds. Nevertheless, in the
case of faults, they may be perpendicular to the fault or there may be two orthogonal
directions. This study summarizes the main characteristics and parameters that effect
on the fluid flow within the fractured reservoirs. It also includes a thorough review
of the fractured reservoir simulation modeling, and models that deal and solve the
fracture problems.

2 Reservoir Fracture Parameters

The researchers show that natural fracture permeability and density are themost com-
mon parameters [4]. The fractures have high permeability than thematrix. Therefore,
they provide a quick flow. Many parameters are considered to characterize the frac-
tured reservoir [5]. Some of these parameters related to the properties of rock and
some others related to the fractures. The properties of fracture (porosity, relative per-
meability, intensity, conductivity, orientation, and size of fractures) can be estimated
directly from core analysis or by well logging methods [6, 7].

In 1986, a new method for modeling NFR was developed to describe the effect
of capillary pressure and gravity forces in fractured reservoirs [8].

In addition, many papers studied the effect of interporosity function and shape
factors [9–11]. The shape factor is one of the important parameters in a dual porosity
system, which describes the fluid transportation between matrix blocks and fractures
[12]. Nevertheless, this parameter is not used in a single porosity matrix block as it is
a single piece of rock [13]. This factor is proposed by Warren [14], and Kazemi [15]
in double porosity concept. In 1976, Kazemi et al. extended the Warren and Root’s
shape factor to be used for two phases and three dimensional NFR [16]. However,
in 1989, they proposed that Kazemi’s shape factor is not accurate, and the most
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accurate pressure distribution has been obtained if they multiplied this parameter
with some factors [17, 18]. In 1985, it was concluded that by increasing the surface
area, the imbibitions recovery rate increases [19]. Since that time, the shape factor
has been discussed stormily for modeling fractured reservoir [20–24]. In 2012, it
was explained that the hydraulic conductivity in the fracture has been affected by the
fracture toughness [25]. They proposed a new method to simulate the flow in a real
fracture.

Fracture porosity and fracture permeability have a major effect on fluid flow in
many NFR [26]. These properties can be estimated by using a well test analysis [27].
Hydraulic fracturing in some low-permeability reservoirs is instrumental to increase
and achieve an economic production rate. Modeling complex coupled with transient
and dynamic processes found in geo-systems require increasingly high-resolution
models for a more precise and qualified validation and evaluation [28].

Recently, in 2012, the fractured permeability have been estimated with more
reliability if image log data and well test analysis were integrated together [26].
The resistance of the material against fracture can be measured in the lab or in the
field [29]. There is a significant complexity in numerical simulation fracturing and
multiple phases flow. A significant number of researches during the last 50 years
described the fracturing in laboratories [30].

In 2016, [31] a study has noted that dual porosity-dual permeability simulation of
thewater-flood process is inaccurate if all fractures have been taken in calculate shape
factor. Therefore, they suggested that the shape factor used in dual porosity-dual
permeability water-flood or enhanced oil recovery simulations or in homogenization
should be based only on the sub-network that carries almost all the injected fluid.

In 2017, a new analytical solution was developed for interporosity flow functions
and shape factors between the fracture and matrix block in the NFR [32]. Their
new method is able to provide more accurate parameters for compressible fluid
productivity prediction and the more reasonable theoretical basis for the correct
interpretation of well testing has been introduced.

3 Fractured Reservoir Simulation

Fractures have a great effect on the fluid within the reservoir. To simulate the flow in
the fractured reservoir, the dual porosity models have been used widely [4, 33–38].
At that time, they stated that the dual porosity model gave a sufficient precision for
a practical purpose [37]. The porosity and permeability are high in the fractured
reservoir. Therefore, the single porosity model cannot be used in such cases.

In 1960, dual porosity was established [39]. In former time, the dual continuum
modeling was the conventional method for simulating fractured reservoir [40]. None
of them, neither dual continuum nor dual porosity could provide an accurate solution
[41]. Discrete fracture methods were better than dual continuum and others because
it models the fluid flow in individual fracture [41]. Nevertheless, the disadvantaged,
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and limitations due to the time consuming and high computational cost for the above
numerical methods have been stated in Ref. [4].

Several studies assumed transient interporosity flow for modeling [42–44]. The
fracture of the basement reservoir was introduced by Lefranc et al. [45], Suardana
et al. [46] and Gupta et al. [47].

In 2014, Huang et al. [48] used the mimetic finite difference method to develop a
new numerical scheme for the discrete-fracture model. They explained that their new
method provides a highly accurate approximation of the velocity field. In addition,
a robust and efficient numerical approach has been implemented for the two-phase
flow simulation in discrete-fractured media, if the mimetic finite difference and finite
volume methods were combined. Their approach is applicable for both 2D and 3D
discrete-fracture systems.

However, in 2017, it has been proposed that the results are not as accurate as
compared with discrete fracture models [41]. The most accurate results have been
obtained if a discrete fracturemodelwith dual porosity and dual permeability (DPDP)
were integrated together [41]. The exemplary results are presented in Fig. 1. Obvi-
ously, different models have been used to simulate the oil production in a low-
permeability oil reservoir. Their workflow contained fives vertical wells. Four of
these wells hold at the corners of the reservoir, while the water injection from one
well holds at the center. As shown in this Fig. 1, the dual porosity method gives a
less accuracy among all other considered models, while high accuracy was achieved
when embedded discrete fracture method was applied.

The fracture networks were simulated also by extended FEM (XFEM) method
based on the stress intensity factor (SIF) [49]. This approach is criticized as it is time
consuming. Therefore, the crack propagation based on energy criterion was used
instead [49].

Simulation of fractures in rocks and reservoirs like in metals can be done in terms
of the SIF and fracture mechanics approach. This approach is essential, and can be
used to understand the behavior of the reservoir. Simulating the fracturing process in
rock using Franc2Dwas carried out [50, 51]. Fracturemechanics andSIF calculations
for metal structures can be found [50–52].

SIFs were calculated using a Franc2D program from Cornell University Fracture
Group [53], which needs less effort than a 3Dmodel. The fracture propagation in 2-D
requires a series of fracture analysis. The author published few works using Franc2D
that can be considered as the extended case studies [54–57].

The flowmodel through the naturally fractured was presented in Ref. [58]. Hence,
streamlines and contour have been shown. The flow is controlled between the matrix
(crack networks) and fracture by hydraulic conductivity [58].

Finally, the fracture in reservoir with both categories (naturally and hydraulic)
needed more attention and investigation.



Fracturing Parameters in Petroleum Reservoirs and Simulation 495

Fig. 1 Comparison between different models: a well “Prod_1” oil rate, b well “Prod_2” oil rate,
c well “Prod_3” oil rate, d well “Prod_4” oil rate, and, e field cumulative oil [41]

4 Conclusions

In the above-mentioned reviews, it has been concluded that themodels and simulation
of the fractured reservoir are still developing. However, discrete fracture model gives
amore accurate simulationwhen comparingwith dual-continuummodels.Moreover,
for a large scale and for a complex fracture network in shale oil reservoirs, high
accuracy simulation can be achieved when it is integrated with embedded discrete
fracture model and dual continuum models. Finally, to get an integrated model for
any fractured reservoir, all parameters may affect on the fluid flow in the fracture
zone or affect on the porous zone as well, and these must be considered. In this issue,
we discussed some important parameters of the unconventional reservoir. Moreover,
importantly many parameters that affect on the performance of fractured petroleum
reservoirs such as shape, dimensions, orientations of fracture, etc., were detected and
discussed.
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