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Complex carbonate reservoirs, such as the Asmari Formation, present challenges
to the accurate determination of geomechanical parameters and effective stresses
due to high lithological and structural heterogeneity. The objective of this study
is to develop a comprehensive three-dimensional model of geomechanical
parameters and effective stresses in the Kupal oil field. Well log, core, and
seismic data were used, and three-dimensional modeling was performed using the
Sequential Gaussian Simulation (SGS) method based on variogram analysis. The
prevailing stress regime was validated using FMI logs and wellbore breakout
analysis. Additionally, a one-at-a-time sensitivity analysis was conducted on key
parameters, including static Young’s modulus, Poisson’s ratio, cohesion, internal
friction angle, and pore pressure. Results indicate that the maximum vertical
effective stress (ov) is 87 MPa and the maximum horizontal effective stress
(oHmax) is 127 MPa. Analysis of wellbore imaging data confirms a normal
faulting stress regime (ov>oHmax>chmin) in the field. Stress concentration around
minor faults was also identified. The model was validated against one-
dimensional models achieving 88% agreement. The findings of this study can be
applied to well design, gas injection, and reservoir stability assessment in the
Kupal field.

Introduction

The production of hydrocarbons from a

determine formation strength and in-situ
stresses. Geomechanics is important for

reservoir or the injection of gasfor pressure
maintenance can trigger numerous chemical and
physical processes. During these activities,
changes in pore pressure can cause the reservoir
to expand or contract.. Consequently, the in-situ
stress field around the reservoir may alter. A
geomechanical model numerically represents the
in-situ stress conditions and rock mechanics
characteristics for a stratigraphic column in the
field.

Geomechanical models typically link
dynamic elasticity properties of the formation to
equivalent static elasticity properties. These
static elasticity properties are then used to

wellbore stability, hydraulic fracturing, fault
reactivation, early water production, surface
subsidence, reservoir compaction, and flooding
throughout the life of hydrocarbon fields. These
events  significantly impact reservoir
performance and must be considered in
monitoring, analysis, and production
forecasting.

Applications of geomechanical models
include:
Predicting pore pressure and fracture gradient
for casing design and optimal drilling mud
weight selection.
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Reducing the risk of pipe sticking due to
wellbore instability.

Choosing suitable completion types,
maintaining perforation stability, and setting
safe pressure drops to prevent sand production
during production.

Analyzing pore pressure decline during reservoir
depletion, which can cause reservoir
compaction, surface subsidence issues, casing
collapse, and fault reactivation.

Geomechanical studies aim to construct and
develop a mechanical earth model, providing a
numerical representation of stress conditions and
rock mechanics properties for specific
stratigraphic sections in a field or basin.
Simplified mechanical earth models include
depth profiles of elastic or elastoplastic
parameters, rock strength, and in-situ stresses for
local stratigraphic sections.

Materials and Methods
Data and Information Used

To achieve the objective of the study,
comprehensive field data wasrequired. Data
from five production wells were used, along with
the following:

-The initial dynamic reservoir model,
indicating the number of layers and the reservoir
overall shape .

-Underground contour maps (UGC) of all
layers and sub-layers.

-Drilling reports for all wells.

-Completion reports for all wells.

-Field development plan reports.

-Formation evaluation reports for some
wells.

-Routine core tests (porosity, permeability,
fluid saturation, relative permeability, rock
compressibility).

- Pore pressure distribution data throughout
the reservoir.

Results and Discussion

Due to the lack of stress measurements in the
study area, stress analysis was conducted based
on theories and assumptions. Lithostatic

pressure, also known as vertical stress, was
calculated using a formula that considers the
density of the overlying rocks. It was assumed
that the stress regime in the Asmari reservoir
area is normal. Stress state analysis followed
Anderson's fault theory, considering the regional
stress regime. Minimum and maximum
horizontal stresses were calculated using
established formulas.

First, 1D geomechanical models were created
for five wells in the field in order to develop a
3D geomechanical model. These models were
then developed using variogram-based methods,
such as sequential Gaussian simulation, to create
3D models. Dynamic elastic parameters
(Young's modulus, shear modulus, bulk
modulus, and Poisson's ratio) for the Asmari
reservoir formation were calculated using shear
and compressional wave velocity data and rock
mechanics test data. These dynamic parameters
were converted to static parameters along the
wellbore using rock mechanics test data. Other
parameters such as cohesion, internal friction
angle, and unconfined compressive strength
(UCS) were also calculated.

Due to the lack of stress measurements in the
study area, stress analysis was conducted based
on theories and assumptions. Lithostatic
pressure or vertical stress was calculated using a
formula involving the density of overlying rocks.
It was assumed that the stress regime in the
Asmari reservoir area is normal. Stress state
analysis followed Anderson's fault theory,
considering the regional stress regime.
Minimum and maximum horizontal stresses
were calculated using established formulas.

3D Modeling of Elastic Parameters:

Since no stress measurements had been
conducted in the study area, the stress state was
determined based on theories and assumptions.
For 3D modeling of lithostatic pressure or
vertical stress, the stress was calculated using the
density data of overburden rocks and surface
topography data.
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Horizontal stresses were calculated using
average strain ratios unser the assumption that
the minimum horizontal stress is 0.6 times the
vertical stress. After 3D modeling, the effective
stresses were determined by subtracting the pore
pressure from calculated stresses. The model
showed that the minimum horizontal stress
direction is northwest-southeast, aligning with
the fracture direction in the wells. The stress
values from the 3D model matched those from
1D models with over 86% accuracy.

Conclusions

The presented method demonstrates the
complexity of creating a three-dimensional
geomechanical model. Input parameters and
identifying appropriate physical mechanisms are
crucial in evaluating mechanical behavior. The
analysis of the 3D geomechanical model
assumed linear elasticity and lateral
homogeneity of properties using available data.
In this study, a 3D geomechanical model of the
stratigraphic column of a field in southwestern
Iran was prepared. The size and direction of the
field's governing stresses were calculated based
on geological, geomechanical, geophysical, and

reservoir engineering data. According to the
model, the maximum vertical stress governing
the field is 127 MPa, and the maximum
horizontal stress is 87 MPa. Additionally,
different geostatistical methods were used in the
3D modeling, with the sequential Gaussian
simulation method based on variograms
providing the best match.

This method showed more than 95%

agreement between real data and modeled data
for rock mechanics parameters such as Young's
and shear moduli and more than 88% agreement
for stress values modeled in three dimensions
compared to stress values from 1D
geomechanical models.
In general, this study illustrates how to create a
geomechanical model that can later be used to
predict the mechanical behavior of scenarios
involving oil extraction or gas injection in a
reservoir, as well as estimating reservoir
compaction and surface subsidence. Finally, due
to the high precision required for geomechanical
parameters, a sensitivity analysis is necessary to
obtain changes in deformation and stress.
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Fig.5. Three-dimensional model and variography of dynamic Young model
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Fig.8. Three-dimensional model and variography of cohesion
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Fig.10. Three-dimensional model and variography of Poisson's ratio
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Fig.12. Three-dimensional model and variography of uniaxial compressive strength
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Fig.13. Three-dimensional model and variography of vertical effective stress
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Table 1. Summary statistical values of geomechanical parameters and effective stresses in the Kopal field
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Table 2. Results of sensitivity analysis of geomechanical parameters
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Fig.17. Results of one-at-a-time sensitivity analysis on maximum horizontal effective stress (6Hmax)
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