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Abstract

Given the importance of geomechanics and reservoir petrophysics in the oil and gas industry, the
current study presents a comprehensive analysis of borehole wall stability based on the integration
of geomechanical-petrophysical studies through the construction of a one-dimensional
geomechanical well model. The focus is on comparing various methods for calculating rock failure
criteria and pore pressure parameters. To achieve this, the elastic and strength parameters of the
studied formation were first determined using well logs and empirical relationships derived from
laboratory studies. Subsequently, pore pressure was estimated by two methods — compressibility
(drilling-explosion) and Eaton. A comparison of these two methods with RFT test data indicated
that the compressibility method provides higher accuracy than the Eaton method. Next, by
estimating the in-situ and induced stresses in the studied well, the lower and upper limits of the safe
mud weight window were calculated using the Mohr-Coulomb, Hoek-Brown, and Mogi-Coulomb
criteria. Comparison of the results from these three methods revealed that the Mohr-Coulomb
criterion offers greater accuracy and behaves more conservatively compared to the Hoek—Brown
and Mogi-Coulomb approaches.
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Extended Abstract:

1. Introduction

Constructing a geomechanical model throughout the lifetime of a reservoir can not only ensure
optimal production, but also prevent the imposition of excessive operational costs. Comprehensive
knowledge of the stress conditions prior to production and their temporal variations plays a crucial
role in achieving safe and economical hydrocarbon production and underground storage (Zoback et
al., 1985). Subsurface stresses affect various aspects, such as borehole wall stability, caprock
integrity, and variations in rock properties resulting from induced stresses, altogether affecting
upstream engineering operations. Therefore, determining the magnitude and orientation of the
principal in-situ stresses during the process of one-dimensional wellbore geomechanical modeling —
both prior to drilling and during or after the operation — is of paramount importance. Typically, the
construction of a geomechanical model relies on well logs, and the model is calibrated using core
samples and downhole tests. Numerous studies have been conducted on one-dimensional
geomechanical modeling. Kolawole et al. (2018) developed a geomechanical model to predict and
assess borehole wall instability using well logs in a field located in the eastern part of the Pannonian
Basin in Hungary (Kolawole et al., 2018). Ikamil et al. (2018) examined borehole stability and
compared the Mohr—Coulomb, Modified Lade, and Mogi-Coulomb failure criteria (Ikamil et al.,
2018). Ezati et al. (2020) performed borehole stability analysis through geomechanical modeling for
the carbonate Sarvak reservoir in three wells of an oil field located in the Abadan Plain,
southwestern Iran, by calculating elastic and strength parameters, pore pressure, and determining
the safe mud weight window (Ezati et al., 2020). Almasi and Mohsenipour (2022) analyzed the
drilling mud window and borehole stability using both analytical and numerical methods (Almasi
and Mohsenipour, 2022). Ammarloo et al. (2025) developed a one-dimensional geomechanical
model in an oil field in southwestern Iran, in which the magnitude and direction of in-situ stresses
were determined using the corresponding well logs (Ammarloo et al., 2025). Accordingly,
considering the importance of geomechanics and reservoir petrophysics in the oil and gas industry,
this study conducts a comprehensive analysis of borehole wall stability based on the integration of
geomechanical—petrophysical studies through the construction of a one-dimensional geomechanical
model. The study further compares various calculation methods for rock failure criteria and presents
a flowchart of different indirect approaches for estimating pore pressure using well log data.

2. Materials and methods

The present research was conducted on the Asmari reservoir, which serves as the main hydrocarbon
producer in one of the oil fields located in southwestern Iran (Motiei, 1993). For conducting this
study, a complete set of conventional well logs from well A of the mentioned field, along with the
results of RFT pore pressure tests at 16 points, was used to validate the estimated pore pressure
data. To achieve this, in the studied reservoir, the elastic and strength parameters of the formation
were first determined using well logs and empirical relationships developed from laboratory studies.
Then, considering the high cost of direct pore pressure measurement tools, pore pressure was
estimated by two indirect methods — the Compressibility (or Drilling-Explosion) method and the
Eaton method — for the studied reservoir. Subsequently, through estimating the in-situ and induced
stresses in the examined well, the lower and upper limits of the safe mud weight window were
calculated using the Mohr-Coulomb, Hoek-Brown, and Mogi-Coulomb failure criteria.
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3. Discussion and Results

In the present study, a comprehensive analysis of borehole wall stability was carried out through
combining geomechanical and petrophysical studies through the construction of a one-dimensional
geomechanical well model, with an emphasis on comparing various methods for calculating rock
failure criteria and pore pressure parameters. In the first stage, the elastic parameters (Al-Qahtani &
Zillur, 2001), strength parameters (Gholami et al., 2015), and stress magnitudes were calculated
based on poroelastic equations (Ammarloo et al., 2025). To this end, the combination of the shear
wave velocity (DTS), compressional wave velocity (DTC), and density log (RHOB) was employed
to determine the elastic constants of the reservoir rock. Subsequently, the uniaxial compressive
strength (UCS), tensile strength (T), and internal friction angle (@) were calculated, too. Next, the
pore pressure was estimated using two methods — the Compressibility (or Drilling-Explosion) and
Eaton methods — and compared with the RFT test data. The curve of the estimated pore pressure
values obtained from the Compressibility (Drilling-Explosion) method showed good agreement
with the measured data. On the other hand, it was observed that the curve derived from the Eaton
method exhibited significant fluctuations within the studied interval of this well that appeared
unreasonable when compared with the relatively linear trend of the measured values. Hence, the
Compressibility (Drilling-Explosion) method is recommended for estimating pore pressure in
similar zones. The key factor determining the accuracy of this method lies in how the pore
compressibility coefficient (Cp) is determined. Typically, this parameter is derived from laboratory
results, and its value is strongly dependent on rock porosity, which can, in turn, be reliably
estimated from porosity data using established empirical correlations. Ultimately, according to the
induced stresses generated during drilling operations, the safe mud weight window was obtained
using rock failure criteria (Al-Ajmi & Zimmerman, 2006).

4. Conclusion

In the studied well, comparison of the applied failure criteria revealed that the Mohr—Coulomb
criterion provides more accurate and reliable results for determining the optimal mud pressure range
than the Hoek-Brown and Mogi—Coulomb criteria. According to the caliper log data, which
identified several collapsed intervals, it was determined that the studied formation contains
numerous zones prone to instability. Based on the final model, the range predicted by the Mohr—
Coulomb criterion predominantly falls within the collapse zone, whereas the other two criteria do
not depict the wellbore condition with the same degree of accuracy. Consequently, it can be
concluded that the Mohr—Coulomb failure criterion provides a more precise estimation of the safe
mud weight window.
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