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Introduction

In recent years, hydraulic fracturing has been considered
as an effective method for increasing the recovery of
low-permeability reservoirs, and its success depends
on the accurate understanding of the petrophysical and
geomechanical parameters of the rock [ 1]. Factors such
as porosity, permeability, Young's modulus, fracture
pressure, and internal stresses have an influence in
choosing suitable zone for fracturing [2]. Traditional
methods for locating injection clusters have lower
efficiency by ignoring geological heterogeneities.
Using the (MRGC) graph-based clustering algorithm as
a new data-driven tool allows for accurate separation of
fracture zones [3]. This study aims to optimally design
hydraulic fracturing operations in the Sarvak Formation
in a well in southwestern Iran, and simultaneously
evaluates petrophysical and rock mechanics data using
the MRGC algorithm.

Geological settings

The Sarvak Formation, one of the main units of
the Bangestan Group with Middle Cretaceous age
(Cenomanian—Turonian), is widely distributed across
the Zagros Basin, the Persian Gulf, and southern Iran
particularly in the Dezful Embayment. It is recognized
as the second most important hydrocarbon reservoir
in Iran [4]. This formation is primarily composed of
limestone and dolomite representing diverse facies
such as lagoon, shoal, patch reef, and ramp, which were
deposited in a shallow inner-shelf carbonate platform

Modify Date: December 08, 2025

Accepted: September 30, 2025

setting [5]. Diagenetic processes such as dissolution
and dolomitization enhanced reservoir quality, while
cementation and compaction had detrimental effects.
Tectonic controls, facies characteristics, and diagenetic
history play key roles in determining reservoir quality
[6]. Although the formation reaches a thickness of
about 700 meters in the studied well, only certain
intervals exhibit favorable reservoir properties such
as porosity and hydrocarbon saturation. Nevertheless,
even in these zones, low permeability limits efficient
fluid flow toward the well.

Materials and methods

In this study, with the aim of accurately evaluating
the geomechanical and elastic parameters of rock in
a carbonate oil reservoir located in southwestern Iran,
well logging data such as DTC, DTS and RHOB
collection were used. This process aims to segment
the reservoir geologically and geomechanically, based
on conventional reservoir logs such as DTC, DTS,
RHOB, NPHI, CGR, CAL and PEF. After thorough
data matching, elastic parameters including Young's
modulus, Poisson's ratio, shear and bulk modulus,
and UCS through valid empirical relationships
(Relationships 1 to5) were calculated.
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Then, using the graph-based multi-discriminant clus-
tering algorithm (MRGC), which operates based on
the adjacency index and data density [7]. Areas with
similar geomechanical properties were clustered and
hydraulic fracturing zones were determined. By pro-
viding the number of optimal classes and allowing
the user to control the class separation, this method
increases the accuracy of the stimulation operation
design compared to traditional methods and provides
results such as zone classification and a map of op-
timal fracture zones for decision-making in upstream
processes.
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Results and Discussion

Results

In this study, a geomechanical model was developed
with the aim of optimally designing a hydraulic
fracturing system based on elastic and strength
properties of rock such as Young’s modulus, shear
modulus, bulk modulus, Poisson’s ratio, and uniaxial
compressive strength. Using petrophysical data and
Geolog software, these properties were first calculated
in dynamic mode and then converted to static values.
Then, using a graph-based clustering algorithm
(MRGC) the data were classified into clusters with
the highest intra-cluster homogeneity and the highest
inter-cluster heterogeneity, and finally six distinct
geomechanical units (GMU) were identified. GMU-
1 was identified as the most resistant and stable, and
GMU-6 as the weakest and most brittle part of the
reservoir rock (Table 1). This classification provides
a basis for more detailed analyses and targeted design
of hydraulic fracturing operations in the studied field.

Table 1 Average geomechanical properties within the geomechanical units of the Sarvak Formation.

Geomechanical units | Young modulus (Mpsi) | Poisson’s ratio | bulk modulus (Mpsi) Zl:/{e;;) modulus UCS (psi)
7.29 0.24 4.76 2.93 9484.31
6.47 0.25 4.29 2.59 8492.37
5.97 0.23 3.66 2.43 7630.26
5.52 0.26 3.83 2.19 714091
5.44 0.23 3.39 2.21 6653.97
4.95 0.22 2.98 2.03 5861.49

In this study, to select appropriate zones for carrying
out hydraulic fracturing operations, petrophysical
parameters such as porosity, water saturation and
hydrocarbon volume were analyzed based on well
logging data using a probabilistic method in Geolog
software. The studied formation was divided into
11 zones and the analyses showed that it is mainly
composed of limestone with variable porosity. The
zones G, C, and K, with high effective porosity, suitable
hydrocarbon volume, and low water saturation, were
identified as areas with high reservoir potential and
are considered as suitable options for implementing
hydraulic fracturing operations.

Discussion

In this study, via combined analysis of petrophysical
and geomechanical data, suitable zones for hydraulic
fracturing operations in the studied well in the Sarvak
Formation were identified. After geomechanical
clustering and determination of brittle units, it was
determined that the geomechanical unit (GMU-6) with
the lowest values of Young's modulus, Poisson's ratio

and uniaxial compressive strength, is the most fragile
part of the reservoir. This GMU is most abundant
in Zone K. This zone is located between the more
resistant units GMU-1 and GMU-2 and has favorable
petrophysical properties (high porosity and oil
saturation). Consequently, it was introduced as the most
optimal area for fracturing. Zones C and G were also
ranked second and third, respectively. Finally, using the
integrated geomechanical-petrophysical model, three
target zones for fracturing operations were proposed in
an accurate and data-driven manner (Fig. 1).

Conclusions

In this study, by integrating petrophysical and
geomechanical data, a comprehensive model was
developed to identify optimal zones for hydraulic
fracturing operations in the Sarvak reservoir. By
probabilistic analysis of well logging diagrams and
geomechanical clustering using the MRGC, six
separate geomechanical units and three zones G, C and
K were identified as susceptible areas with favorable
reservoir properties and fragility.
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Fig. 1 The integrated model constructed for the studied well, with the fracture-prone layers highlighted in yellow.

Zone K was introduced as the first priority for reservoir
stimulation due to its highest fragility, favorable
reservoir properties and confinement between resistant
zones, while zones C and G were ranked second

and third, respectively. This integrated approach 4,
showed high efficiency in accurately determining the
fracturable zones.

Nomenclatures
GMU: Geomechanical units
MRGC: Multi-discriminant clustering algorithm S.
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Fig. 1 (a) Location map of giant oil fields in the Dezful Embayment; (b) the studied field highlighted in red; (c) the studied
well (Well A) shown on the depth contour map based on Lambert coordinates; and (d) the Cretaceous stratigraphic column of
the Zagros Basin [12], slightly modified.
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Fig. 3 Chart of the dynamic and static elastic properties of
the Sarvak formation, from left to right showing columns
of bulk modulus, shear modulus, Young's modulus, Pois-
son's ratio, and uniaxial compressive strength based on
various correlations.
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Fig. 4 Histograms of the distribution of elastic properties and rock strength in the geomechanical units of the Sarvak forma-
tion, from top to bottom including: (A) Young's modulus, (B) Poisson's ratio, (C) bulk modulus, (D) shear modulus, and (E)
uniaxial compressive strength.
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Table 1 Average geomechanical parameters in the geomechanical units of the Sarvak formation.

Sarvak formation.
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Geomechanical units Yl(l)lllll Zg(’;/[r;;;i " | Poisson’s ratio | Bulk modulus (Mpsi) | Shear modulus (Mpsi) | UCS (psi)
29.7 24.0 76.4 93.2 31.9484

47.6 25.0 294 59.2 37.8492

97.5 23.0 66.3 432 26.7630

GMU-4 52.5 26.0 83.3 19.2 91.7140
GMU-5 44.5 23.0 39.3 21.2 97.6653
i 95.4 22.0 98.2 03.2 49,5861
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tion (column 8), estimated using the probabilistic method.
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Table 2 Petrophysical properties of the Sarvak formation, separated by identified layers.

Oil volume (%) Effective porosity (%) Depth (m) Layer
Average Maximum | Minimum | Average | Maximum | Minimum
1.1 7.9 0 7.2 2.14 0 6.3586 A
4.1 8.9 0 9.2 1.12 0 6.3627 B
9.3 2.14 0 1.6 19 0 6.3732 ©
5.1 1.8 0 3 1.11 0 4.3865 D
6.0 7.5 0 22 6.7 7.0 4.3894 E
52 7.8 0 5.4 7.11 5.1 3950 F
6.3 1.11 0 7.6 8.16 4.1 3.4032 G
8.0 7.3 0 3 7.7 2.1 9.4080 H
6/1 9.4 0 5.5 2.11 2.1 7.4111 1
1.0 4.1 0 1.2 5.6 2.0 4137 J
9.7 4.11 0 8.11 7.14 6.1 4182 K
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Fig. 8 Integrated model constructed for the studied well (the suitable fracturing layers are highlighted in yellow) (column 4),
and the geomechanical units identified in blue and red (column 12).
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