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Introduction

The hydraulic fracturing procedure (HF) is a method
of stimulating an oil or gas well and enhancing
well recovery. During this process, various fluids
are injected into the formation under sufficient
pressure for tensile fracture of the rock and fracture
propagation. Hydraulic fracturing is usually required
for low-productivity oil and gas reservoirs in order to
be economically viable. Although it has been more
than 70 years since this operation was successfully
carried out, Iranian oil companies have taken initial
steps to carry out this operation in the country's oil
fields. There have been hydraulic fracturing operations
performed by two oil companies at one of the largest
oil fields in southwest Iran (Ahwaz field). As of yet,
the design parameters and the results obtained, as well
as the reasons for this operation's failure, have not
been published. In general, this operation has been
widely unsuccessful in Iran due to a lack of data on the
mechanical properties of rock, and in situ stresses, and
particularly due to inadequate attention being given to
selecting candidates for wells and layers.

In order to perform hydraulic fracturing operations, the
first step is to select the most suitable layers and wells
using a set of criteria. As a result, it is unlikely that
this operation will be successful without conducting
comprehensive studies in this field [1].

The research literature indicates that two types of

Accepted: November/27/2022

layers should be investigated for hydraulic fracturing
operations: target layers and barrier layers. In
order to determine the appropriate target layer for
hydraulic fracturing, one can consider the following
characteristics:

A. appropriate porosity,

B. low in situ stress,

C. low water saturation,

D. low uniaxial compressive strength, and

E. high difference between the minimum and maximum
horizontal stresses

Accordingly, it is necessary to first create a
geomechanical model of the studied oil reservoir and
determine the parameters influencing the selection of
the candidate layer in the Bengestan reservoir of the
studied field. The geomechanical model is a numerical
description of the in situ stress state and the mechanical
properties of the earth layers in a well. Then, the
candidate layer was selected in the desired reservoir
by evaluating the existing criteria.

Geology Settings and Bangestan Reservoir
Conditions in the Studied Field

The studied field is one of Iran’s largest and oldest oil
and gas fields, and it is vital to the country’s ongoing
oil and gas production. It is located in one of the last
elongated and asymmetric anticlines of the Zagros
folded belt. This field is located on the eastern edge
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of the Dezful embayment in the southwest of Iran,
close to the city of Ahvaz. Oil is extracted from
the Asmari and Bangestan reservoirs in this field.
Additionally, this field has the potential to produce
gas from the carbonate formations of the Khami
group. As one of the tight unconventional reservoirs,
Bangestan’s reservoir horizon is composed primarily
of carbonate rocks, particularly limestone. There is a
natural fracture in the studied reservoir with a very
low permeability. The characteristics of the reservoir
rock, such as variations in porosity and the presence
or absence of hydrocarbons, have been utilized to
classify this reservoir according to the uniformity of
the lithological composition. Accordingly, there are
nine layers in this reservoir. Layer 1 includes the Ilam
Formation and the rest of the layers are located in the
Sarvak Formation.

Materials and Methods
One-dimensional Geomechanical Model Prediction

The state of stress and pore pressure as a function of
depth, as well as rock deformation-related parameters,
such as elastic modulus, and rock strength parameters,
such as wuniaxial compressive strength, tensile
strength, and internal friction angle, are included in a
comprehensive geomechanical model of the reservoir.
It is not always simple to find such comprehensive
data. Therefore, geomechanical modeling of a reservoir
is always associated with uncertainty. Thereby, it is

Petroleum Research, 2023(February-March), Vol. 32, No. 127

important to estimate the necessary data from the
information that is already accessible to make the
simulation conditions as accurate as the conditions of
the actual reservoir. Thereby, it is important to estimate
the necessary data from the information that is already
accessible to make the simulation conditions as accurate
as the conditions of the actual reservoir. We will attempt
to choose the appropriate layer or layers for hydraulic
fracturing operations using the available data and the
results from this section because the characteristics
of the layer in which the operation is to be performed
directly affect the success of the operation.

Results and Discussion

Estimating the Geomechanical Properties of the Studied
Reservoir

Utilizing experimental relationships and current results,
the key variables in selecting the appropriate layer for
hydraulic fracturing operations in the studied field
were determined. Table | presents the characteristics
of the studied field. These characteristics include
uniaxial compressive strength, internal friction angle,
and pressure and shear wave velocity, cohesion, and
modulus of elasticity.

Determining the Direction and Value of In Situ
Stresses

Table 2 presents the values of the in situ stresses
determined in the investigated reservoir.

Table 1 Estimating the geomechanical parameters in the studied reservoir.

Porosity | UCS (MPa) internal friction | - 4 s) V_(Kmis) C (MPa) E (GPa)
angle (°) P :
5(p—1)
) 143.8exp(-6.95 ¢) | 49.03-12.6 ¢ m/:31.5Vp—63.7 Vs(Km/s):Vp/l.g C= \/ﬁ E:10.67Vp-1& 71
Ref
(2] [3] [4] [5] [6] (7]
Laye

1 0.057  [96.76 48.3 5.094 2.681 9.07 35.64
2 0.0519 [ 100.26 48.38 5.205 2.739 9.22 36.83
3 0.0475 [103.37 48.43 5.304 2.791 9.34 37.88
4 0.0264 [ 119.69 48.7 5.822 3.064 9.99 43.41
5 0.0225 [122.98 48.75 5.926 3.119 10.12 44.53
6 0.0387 [109.89 48.54 5.511 2.900 9.61 40.09
7 0.0402 [ 108.75 48.52 5.475 2.881 9.56 39.70
8 0.0346 | 113.06 48.59 5.612 2.953 9.73 41.17
9 0.0258 [ 120.19 48.70 5.838 3.073 10.01 43.58

* In the Table above, ¢, Vp, V, c, and E are porosity, pressure wave velocity, shear wave velocity, cohesion, and modulus of
elasticity, respectively.
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able 2 The values of in situ stress determined in the studied reservoir.
Density S, (MPa) S,.., MPa) S, imax (MPa)
Pore Pressure (MPa) z 9
2 Sy = _[ p(z)dz | Stmin = [m](sv ~Pp)+Pp| Spingy = 3Smin = 2Pp + 0.1(Spysip ~Pp)
0
Ref
- - - [6] [7]
Laye
1 2.62 16.39 57.13 16.89 17.95
2 2.63 16.81 58.63 18.51 22.08
3 2.64 17.06 59.49 17.77 19.25
4 2.70 17.85 62.35 19.69 23.55
5 2.72 18.49 64.65 19.31 21.04
6 2.67 18.98 66.39 21.35 26.32
7 2.66 19.55 68.44 21.85 26.67
8 2.68 20.31 71.13 23.33 29.69
9 2.71 20.88 73.19 21.86 23.92
Stress Field Analysis smaller stress corresponds to the minimum horizontal

Based on the results of the estimation of the in situ
stresses in the studied field, the maximum stress
corresponds to the overburden stress, the medium stress
corresponds to the maximum horizontal stress, and the

stress. There is a normal fault stress regime in the study
area based on in situ stresses. As a result of this stress
regime, hydraulic fracture occurs vertically and parallel
to the maximum horizontal stress (Figure 1).

0g1=0,

02 = Ohmax 03 = Opmin

Hydraulic Fracturing

Fig. 1 The hydraulic fracture mechanism in a normal fault stress regime.

Selecting the Candidate Layer for Hydraulic
Fracturing

The factors to be considered in selecting the appropriate
layer for hydraulic fracturing are summarized in Table
3. Based on the results, layers 3 and 8 were the least
saturated with water. Upon comparison of these two
layers, it can be seen that layer 3 has a greater porosity
than layer 8, and it has a lower compressive strength,

and in situ stress, it has a smaller difference between
the minimum and maximum horizontal stresses. The
layers adjacent to layer number 3, depending on the
geomechanical characteristics, may be suitable as a
barrier layer to prevent fracture propagation as well as
water production. As a result, this layer was considered
to be an appropriate layer for hydraulic fracturing.
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Table 3 Effective parameters in selecting the candidate layer for hydraulic fracturing

layer | Thickness(m) | Porosity |S (MPa) |S, . (MPa) |S,  ~(MPa)(S,  -S .= |UCS(MPa) |S Quality Good
1 26.6 0.057 57.13 16.89 17.95 1.06 96.76 63.6 | Weak Good
2 57.9 0.0519 |58.63 18.51 22.08 3.57 100.26 37.8 | Good Good
3 33.5 0.0475 [59.49 17.77 19.25 1.49 103.37 30.6 | Good Acceptable
4 107.7 0.0264 |62.35 19.69 23.55 3.86 119.69 45.1 | Weak Acceptable
5 86.3 0.0225 | 64.65 19.31 21.04 1.73 122.98 58.4 | Very weak | Weak
6 66.6 0.0387 |66.39 21.35 26.32 4.98 109.89 47.8 | Acceptable | Weak
7 78.3 0.0402 |68.44 21.85 26.67 4.82 108.75 40.2 | Very weak | Very weak
8 102.3 0.0346 |[71.13 23.33 29.69 6.34 113.06 27.4 | Acceptable | Very weak
9 77.6 0.0258 [73.19 21.86 23.92 2.06 120.19 32.4 | Very weak | Very weak
Very weak
Conclusions edge of a vast hydrocarbon-rich Paleozoic-

In this study, to determine the data necessary to
select the appropriate layer for hydraulic fracturing
operations, a geomechanical model was developed
using the available data. This model's mechanical
and physical properties, Young's modulus, uniaxial
compressive strength, compressive and shear wave
velocity, density, etc., were calculated by using the
porosity results of different layers and with the help of
existing experimental and mathematical relationships.
Then, the pore pressure of the rock was determined
based on Eaton's relationship and the vertical stress
was calculated using the average density of each
layer. In addition, the minimum and maximum
horizontal stresses were calculated using poroelastic
relationships. In addition, the normal stress regime
for the studied depth was derived from the values of
in situ stresses obtained. Finally, the 3rd layer of the
Bangestan reservoir, in the studied field, was selected
as the target layer for hydraulic fracturing.
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