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1. Hydraulic Fracturing (HF)
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1. Elastic Modules

2. Shear Wave Velocity

3. Rock Physics Modeling (RPM)
4. Compressional Velocity
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1. Differential Effective Medium (DEM)
2. Self-Consistent Approximation (SCA)
3. Differential Kuster-Toksoz (DKT)

4 Machine Learning

5. Bulk Modulus

6. Shear Modulus

7. Young’s Modulus

8. Poisson’s Ratio

9. Gassmann Model

10. Brittleness Index (BI)
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1. Underground Contour (UGC) Map
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1. Elastic Properties
2. Heuristic Models
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1. Inclusion-based Model
2. Aspect Ratios

3. Batzle & Wang

4. Wood

5. Voigt-Ruess-Hill (VRH)
6. Bound Models
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Introduction

Hydraulic fracturing is one of the most effective
methods for optimal production. It increases extraction
and improves the reservoir recovery rate. The key to
hydraulic fracturing's success depends significantly
on selecting the candidate layer. In general, candidate
layer selection aims to select one or several zones
for operations with the highest probability of
success. Investigations show that if the candidate
layer is selected well, hydraulic fracturing makes it
economically possible to produce carbonate reservoirs
with low permeability. The knowledge of geomechanics
plays a vital role in the more precise visualization of
the mechanical behavior of the reservoir rock. One
of the rocks' most critical mechanical properties
is the rock's resistance and deformation properties
(elastic properties). In the meantime, the estimation
of elastic moduli has a prominent role, and it should
be noted that knowing them is the first principle of
geomechanical calculations. There are two different
methods to determine the elastic properties of rock:
The static method and the dynamic method. The
static method measures the elastic modulus using
rock sample analysis in the laboratory. The dynamic
method can determine the elastic moduli of the rock by
sending the sonic waves resulting from the vibration
(with impact) into the rock and receiving its reflection
at another point [1]. The first step in determining the
mechanical properties of rock using a dynamic method
is to have a shear wave velocity log in the studied wells
to determine the rock's elastic moduli.

Accepted: October 8, 2024

Due to the high cost and technical problems, shear
wave velocity is usually measured in 5% of the wells
[2]. According to this issue, using rock physics tools
can be a suitable method to determine dynamic elastic
properties in saturated conditions directly. This study,
using rock physics and machine learning algorithms in
a carbonate field in the southwest of Iran, by optimizing
the estimation of compressive and shear velocities,
estimates the bulk and shear modulus of rock in
saturated conditions and then, it calculates Young's
modulus and Poisson's ratio to identify the candidate
layer. The data set includes the well logs information
of one of the wells of the Bangestan reservoir, which
estimates the elastic moduli of the rock in the saturated
state based on the rock physics method of Azadpour
et al. (2020) (Fig. 1). By using a simpler version of
Gassmann's model (1955), this method benefits from
a better prediction for determining the velocity and
elastic moduli of the rock. In this study, we applied
this model to our carbonate data set for bulk and shear
moduli and then calculated Young's modulus and
Poisson's ratio in the studied well. Then, we calculated
the brittleness index and analyzed the reservoir
properties necessary to determine the appropriate layer
for hydraulic fracturing.

Materials and Methods

Rock physics expresses the relationship between the
elastic and inherent properties of rock. Avseth et al.
(2005) divided rock physics models into three general
categories: theoretical, empirical, and heuristic [3].
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Fig. 1 Workflow of the rock physics model used in the study [2]

However, the classification was changed based on the
stages of building physical rock models, and the models
were divided into four groups: pore fluid models,
empirical and heuristic models, theoretical models, and
hybrid models [4]. Reservoir rock consists of three main
parts: rock minerals, pores, and fluids inside these pores.
Several physics-rock relationships are used for each of
these parts, and then these relationships are combined to
build the desired reservoir rock model. Due to the lack of
shear wave velocity in the studied well, we first used the
rock physics model of Azadpour et al. (2020) to estimate
the bulk and shear moduli in saturated conditions. Then,
Poisson’s ratio and dynamic Young’s modulus were
calculated according to the provided relationships,
and by considering a laboratory relationship to convert
these moduli to a static state, the brittleness index was
determined. Finally, candidate layers for hydraulic
fracturing operations were identified and prioritized
considering the effective reservoir parameters.

Results and Discussion

Brittleness index calculation determining candidate
layers for hydraulic fracturing requires Young’s
modulus and Poisson’s ratio [5,6]. Due to the lack of
shear wave velocity in the studied well logs, we first
used the rock physics model presented by Azadpour
et al. (2020) to estimate the bulk and shear moduli.
This model was prepared and validated based on the
reference well, and then it was applied to the data of our
studied well (well B), including the complete set of well
logs and petrophysical evaluation. In the continuation of
the work, Poisson’s ratio and dynamic Young’s modulus
were calculated. Then, the static Young’s modulus was
obtained to calculate the brittleness index. According
to the relationship between static Young’s modulus
and Poisson’s ratio with brittleness index, the values
of static Young’s modulus and Poisson’s ratio were

Adding pore fluid using
siuplified Gassmanns Eq

normalized. Finally, the brittleness index was calculated
by averaging E_brittleness and v_brittleness.

In some zones of Ilam-Sarvak Formation, fractures
are one of the important factors in creating reservoir
characteristics and have a high potential for the successful
implementation of hydraulic fracturing operations and
increasing production. According to Fig. (2-a), brittle
layers should have a low Poisson ratio and a high Young’s
modulus. Fig. (2-b) and (2-c) shows the changes in
Young’s modulus versus Poisson’s ratio in Ilam-Sarvak
formations. As it is known, layers with higher brittleness
index (warm colors) have high Young’s modulus and
low Poisson’s ratio, while layers with lower brittleness
index (cold colors) have lower Young’s modulus and
higher Poisson’s ratio. Considering that in reservoir rock,
various petrophysical parameters affect the selection of
the appropriate location, in addition to considering the
brittleness index from a geomechanical point of view, it
is necessary to examine properties such as porosity and
oil saturation from a reservoir point of view. Moreover,
to do this, according to the records of past studies, the
oil saturation and porosity reservoir indicators are
determined locally and relatively [7-9], based on this, in
this study, we have oil saturation above 50% and high
porosity. We identified 5% and applied the corresponding
filter on the elastic moduli (Fig. 3). According to the Fig.
(3-a) and (3-b), the desired elastic moduli in the studied
formations are calculated and finally the fragility index
(last columns) is displayed in color. From the reservoir
and geomechanical point of view, the black sections in
the Ilam and Sarvak formations are not within acceptable
limits in terms of porosity, oil saturation and brittleness
and are not suitable for operations, while the colored
sections have porosity above 5% and oil saturation above
50%. to be In these areas, high Young’s modulus and
low Poisson’s ratio show relatively suitable points for
hydraulic fracturing operations.
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Conclusions

In this study, rock physics modeling was used to
identify the elastic properties and determine the
candidate layer for hydraulic fracturing operations
in the Bangestan reservoir of the Mansouri oilfield.
Calculating elastic moduli requires compressional,
shear, and density wave velocity data. Therefore, due
to the lack of shear wave velocity in the studied well,
firstly, based on the rock physics model predetermined
by Azadpour et al. (2020), bulk and shear moduli were
estimated in the studied well; then, Young's modulus
and Poisson's ratio were calculated based on the given
relationships. In addition, the results of this study
showed that by using carbonate rock physics models
such as the generalized Xu-Payne rock physics model
(Azadpour et al., 2020), it is possible to determine
the elastic properties of rock in wells without shear
wave information with high accuracy, which is of
great importance. Also, by obtaining rock -elastic
moduli, calculating geomechanical parameters such as
brittleness index, and considering petrophysical tracks
such as porosity and oil saturation on elastic moduli,
the best place for hydraulic fracturing operations to
increase production was identified and prioritized.
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