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Abstract

The finite element approach is used to solve a variety of difficulties, including well bore stability, fluid flow production and
injection wells, mechanical issues and others. Geomechanics is a term that includes a number of important aspects in the petroleum
industry, such as studying the changes that can be occur in oil reservoirs and geological structures, and providing a picture of oil well
stability during drilling. The current review study concerned about the advancements in the application of the finite element method
(FEM) in the geomechanical field over a course of century.

Firstly, the study presented the early advancements of this method by development the structural framework of stress, make
numerical computer solution for 2D thermal stress then stress analysis of the airplane. The second part focused on the most recent
developments of FEM, and this method generates new techniques for solving these problems, such as the 1D, 2D, and 3D finite
element models; the dynamic program method (DPM); the finite discrete element method (FDEM); and the finite element extended
method (FEXM). The third part of this study presented the reservoir finite element simulation used for injection well testing inside
unconsolidated oil sand reservoirs. Also improvement of the FE software program for the analyses, finite element extended approach
to convert a 3D fault model were introduced. In addition, the study explored the development of a 3D and 4D model utilizing Visage
for FEM analysis for geomechanics investigations, and the software eclipse for pressure drop prediction in carbonate reservoir weak

formation and presented the Finite-Element Smoothed Particle Method (FESPM).
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1- Introduction

Geomechanics is a branch of science that studies the
relationship between geology and rock mechanical
properties. In other words, it is concerned with the effects
of stress on distort or failure of rocks caused by changes
in stress direction, abnormal pressure, temperature, and
fluid flow caused by production. Wellbore instability is
one of the most complicated problems that can occur
during the drilling process, increasing nonproductive
time. As a result, the cost of drilling will rise, and
geomechanical analysis will be required to reduce this
high cost [1]. Areas with strong topographic pressure,
such as shale layers, can lead to wellbore instability [2].

A numerical method, such as finite element methods
(FEM), is required to solve this deformation. The term
"finite element measurement" refers to a numerical model
that can be used to identify problems and find solutions in
several fields of study. Grid deformation, temperature
change, phase flow, and magnetic current power are some
of the most common locations of interest that are solved
using the finite element method.

While the problems that could be solved using this
method included a complex geomechanical model, the
distribution of stress, and subsidence issues caused by
pressure depletion in the reservoir rock, analysis type
solutions were not allowed for these problems because the
values at any point in the reservoir structure measurement

using math terms were unknown [3]. To obtain a
satisfactory solution for the issues mentioned, the FEM
relied on a numerical calculation; this method will convert
these issues into an arrangement stimulation algebraic
formula, rather than using the differential formulation [3].

2- Early Development of FEM

In the 1940s, Alexander Paul Hrennikoff developed the
field structural framework method for stress analysis and
its application to two fields of elasticity, which is
essentially an arithmetic procedure that can be applied to
any problem involving a rectangular plate by the two-
dimensional stress and strain situation in a bent plate. The
most important aspect of the framework method is that it
may be used to solve a wide range of insoluble elastic
problems. This method is credited with laying the
groundwork for the finite element method [4]. Douglas
McHenry presented in 1943 a numerical computer
solution for practically all problems involving 2D thermal
stress, including material in the elastic area; this element
is about sequential approximation, in which the rigor of
the output was entirely determined by the amount of work
done. The computer's resourcefulness in utilizing such
expedient for solving those difficulties will play a key
role in the method's successful practical use [5].
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In 1947, Levy enhanced the pliability or force
approach using Castigliano's theory, as well as a stress
analysis of the airplane construction based primarily on
equilibrium conditions [6]. Following that, in 1953, he
proposed a new computation termed the (stiffness
method) as an alternative for determining stress and
deformation in statistical analyses for aircraft structures.
Poisson's ratio's function in creating anticlastic curvature
has also been overlooked, despite the fact that the
equations he creates are too difficult to answer by hand.
When the Poisson ratio is ignored, a mistake could be
made [7]. Turner et al. (1956) were the first to handle 2D
elements. They were derived from the stiffness matrix for
elements, as well as 2D triple and perpendicular finite
elements for the stress effect into the plane, and these
proceedings were summed up as the hardness method for
determining the overall matrix for hardness structure. By
incorporating improvements to the digit program into the
turner's job, the speed of the software can be increased.
Programs for performing such computations can be
developed using the basic concepts provided in this study
[8]. Gallagher began working on 3D problems in
triangular and rectangular shapes in 1962, developing a
complicated structure analysis approach for heating and
elastically stress and strain deformation in structural
components as show in Fig. 1 below. The accuracy of the
data acquired thus far has been called into doubt. This can
be improved by using rectangular pieces and just using
tetrahedrons to denote irregular borders [9].
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Fig. 1. Total Strain Vs Temperature [9]

By studying the matrix discrete-element stiffness to
formulation of the linear system issues in mechanics of
the engineering, Archer improved a strategy that may give
proper or almost approximate solving for static stress-
displacement, elastic constancy, and dynamic response
problems in 1965. The techniques discussed for using the
discrete-element impact method to handle the public static
load, elastic stability, and deformation problems provide a
considerable improvement in the capacity of this
approach to provide accurate numerical solutions for the
general analysis of structures [10]. In 1968, Zienkiewicz
et al. presented the visco-elastic approach for stress and
strain analysis, which involved employing models linked
to a series and keeping a running total of strain for
analysis with fixed or changing temperature properties,
the fact that this formulation is a computer model that can
be applied to deep well [11]. In 1970, Zienkiewicz and

Parekh subediting in expression a finite element operation
using curved and program for both 3D and 2D,
isoparametric elements were a method that applied by
using the time-step resolution, and their utility was
explained through a number of transient field problems
dealing with heat conduction problems. The two-
dimensional software includes simple triangle as well as
curved features. The three-dimensional software contains
linear, parabolic, and cubic hexahedra based on elements.
It will be seen that predefined boundary inflows are
comparable to external loads and that the thermal transfer
coefficient functions as an external stiffness associated
with boundaries [12].

Ted Belytschko demonstrated a computational
mechanism for overcoming difficulties related to large-
displacement nonlinear dynamics for nuclear power
reactors in 1976. Time integration methods are classified
into two types: explicit and implicit. The time step must
be small enough. This is the only limitation of these
approaches. A wide range of reactor safety concerns can
be addressed using the applications offered [13]. Lyness
et al in 1977 applied the technique of the weighted
residuals for measurement the magnetic field of the three-
dimensional problem in heterogeneous source in
expression of the unknown potential porosity and a
known analytical solution. The scalar potential appears to
be the most efficient approach for the analysis of
nonhomogeneous three-dimensional issues, and it is
expected that finite element and integral approaches will
be merged in the future for practical work [14]. Table 1
listed a summary of early development.

3- Recent Advances

Improvements to the finite element method and its
applications in geomechanical studies were first seen in
1995, when Jin-Zhang et al. demonstrated these native
techniques for measuring shear strength in a curve while
referring to the position of critical slip surface potential
and the dynamic programming method (DPM) was
improved. The results were obtained using a finite
method-DPM for a curve that was in a state known as
homogenous, and a typical finite element mechanism was
used as a comparison approach to examine the bridge in
flexible clay. The FEM- improved dynamic program
method (DPM) does have the benefit of over-limit
equilibrium methods in that it can represent the
strain behavior of soil as well as the slope's stage
development [15].

To estimate the change in the rock structure caused by
pressure depletion in 2003, Wan et al. used a number of
linked geomechanical models for reservoir fluid flow.
These models will have employed a stabilized finite
element technique to provide a solution for stress
balancing and the equation of pressure. This approach can
cause pressure oscillations in low-permeability zones or at
very early stages [16]. In the same year, Onate and Rojek
introduced the integration of two methods: element
discrete method (EDM) blending with finite element
method (FEM), which means that any geomechanical
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problems in a dynamic reservoir can be analyzed.
Integration of those methods can be used for spherical 2D,
also known as cylindrical 2D, the discretizing by
immobile elements and the FEM can deal with the solid
zoning. This enables us to apply the proposed formulation

to situations involving substantial plastic deformation in
the domain's continuum. Equipment in stone-
cutting operations can be modeled using the discrete
formulation [17].

Table 1. Summary of Early Development

No Author Name of study Obijective year
. Plane Stress and Bending of Plates by  Development framework method of
1 Alexander Paul Hrennikoff. Method of Articulated Framework. stress analysis . 1940
Lattice Analogy for the Solution of calculation numeral solution of nearly
2 Douglas Mchen. Stress Problem. kind having troubles of 2D stress . 1943
Computation of Influence Coefficients show coefficients was outlined which
3 SAMUEL levy. for Aircraft Structures with  uses Castigliano's theorem, together with 1947
Discontinuities and Sweepback. a stress analysis of the airplane structure.
4 samuel levy Struct'utal Analysis 'and Influence  method is show for_ measurement the 1953
) Coefficients for Delta Wings. stresses and deformations in delta wings.
. . . method is developed for determined
5  Turner, clough, Martin, and Topp. gtlffness and Deflection Analysis ~of stiffness  influence  coefficients of 1956
omplex Structures.
complex shell-type structures.
Richard H. Gallagher, Joseph padlog Stress Analysis of Heated Complex New relationships are proposed for the
6 " - . 1962
and P. P. Bijlaard. Shapes. analysis of solids.
make a dynamic analysis by improved a
Consistent Matrix Formulations for technique that may be give correct or
7  JohnS. Archer. Structural Analysis Using Finite-Element  nearly approximate solving for static 1965
Techniques. stress displacement, elastic constancy,
and dynamic problem.
introduced a vlsco-elastie method for
8 Zienkiewicz, O. C., M. Watson, and I.  Numerical Method of Visco-Elastic stress and strain by using a models linked 1968
P. King. Stress Analysis with a series and through keep a running
total of strain.
Transient  Field Problems: Two- Introduced finite element operation
Lo Dimensional and Three-Dimensional utilize program of curved for both 3D
9 Zienkiewicz, O. C., and C.J. Parekh. Analysis by Isoparametric  Finite and 2D by using the time step 1970
Elements. resolution.
Survey of Numerical Methods and Show a numerical mechanism for
10 Belytschko, Ted. Computer Programs for Dynamic resolving problems that associated with 1976
Structural Analysis. large-displacement nonlinear dynamic.
Three-Dimensional ~ Magnetic ~ Field applied the technique of the weighted
11  Zienkievicz , Lyness and D.R Owen Determination Using a Scalar Potential-  residuals for measurement in three- 1977

A Finite Element Solution.

dimensional problem.

In 2004, Hammah et. al. introduced a Stability Analysis
for the Rock Using the Finite Element Method and
examined the Finite Element Techniques (FET) analysis
for the measurement of rock safety factors for which
strength is modeled by the widely used Hoek-Brown
failure criterion, the shear strength reduction (SSR) first
outcomes will be used as a standard mechanism for FES
slope of Mohr-Coulomb criteria. However, it might be
able to include the SSR approach for general Hoek-Brown
strength automatically into a FE computational engine, as
there will be no necessity for explicitly determining
factored general Hoek-Brown parameters in this case
[18]. By combining an element agreement into another
reservoir commercial stimulation, Liu and Han (2004)
demonstrated finite element and finite different methods
for stress distribution with a reservoir fluid model,
resulting in a 3-D difference in elastic stress solving with
fluid flow and pressure prediction. On larger situations,
the results reveal that the accuracy of solving finite
difference stress calculations is no better than finite
element. It looks into using an iterative technique to
produce a more fully connected solution for finite element
stress estimation and reservoir simulation fluid flow [19].
When WONG used Galerkin's least square (GLS)

mechanism to discretize the saturation equation in 2005,
the finite element approach was continuous development
in terms of the Geomechanics-Thermal Reservoir
Simulator. The data show how the vertical displacements
at the surface of the formation have altered through time
as show in Fig. 2. Due to heat transmission and fluid
flow, the surface heaves to a maximum value of strain
[20].
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Fig. 2. Surface Displacement Results at Different Time
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Jha and Juanes (2006) also show a simulation
framework calculation to the fluid flow with the
geomechanics of reservoirs, where the theory of biot's for
fluid flow in single phase regime with linear
poroelasticity was the physical mean of this model, where
the unknown variables are the pressure, fluid velocity, and
rock displacement, and the unknown variables are space
with time discretization of these equations. This study
focused solely on single-phase linear poroelasticity.
Clearly, this is insufficient for simulating and predicting
many geomechanical processes in reservoirs and near-
wells [21]. Another advancement for FIM occurred in
2008, when Maria Tchonkova et al. developed new
porelasticity numerical solutions using mixed finite
element formulated a new equation with four unknown
classifications (change in space, stress, formation
pressure, and speed) that were tested on 2D and 1D
classic porelasticity problems. This research can also be
viewed as a hybrid least-squares approach stabilization
strategy. More test functions can be applied to stabilize
the chosen regions of displacements and stresses
(pressures and velocities) if they are still not consistent
[22]. In 2009, Brice Lecampion introduced a new finite
element extended technique (FEXM) for handling
hydraulic fracture issues that took into consideration the
presence of an internal pressure within the crack. The
findings demonstrate how critical it is to compensate for
the loss of division of unity inside the transition region
between the enriched and the rest of a mesh. To get
accurate results, a point-by-point matching approach
appears to suffice. For good performance, a connection of
the single addition to expressing by enrichment functions
is often required [23]. In 2012, Mahabadi et. al. presented
a new combined code element method called Y-Geo FDE
or finite discrete element method (FDEM) for the
application of geomechanical studies. Which was a design
by innovative thinkers that used numerical technology to
integrate  the characteristics of continuous-model
approaches with the method of DEM to overcome the
disability of those methods to catch the cumulative
damage with the failure that may occur in the rocks as
show in Fig. 3 below [24]. Hamed et al. (2016) utilized
the finite element method and the SICMA/W program to
analyze the stress and displacement distribution around a
tunnel that was open to the sea in Baghdad [25]. Table 2
show a summary of recent advances.

4- Reservoir Finite Element Techniques

The reservoir model typically does not account for
changes in stress during production or injection, so a
finite element method was designed to connect the two
models. In 2013, Bin Xu and Wong demonstrated the
importance of enhanced oil recovery when they used
finite-element simulation for injection well testing inside
unconsolidated oil sand reservoirs. Well tests such as
transit bottom hole pressure data will allow us to
determine reservoir flow properties, and the 3D element
model is applied to history match the bottom hole
pressure replay determined from oil sand zones by using
injection wells. Plastic shearing and geometric

deformations, rather than hydraulic fracture, are prevalent
at the water injection rate used in this research [26]. Wang
et.al. (2013) developed a large finite element method
(LFEM) approach to expression meshing and
interpolation mechanism (MIMSS) for soil rock in both
dynamic and static states. Where this mechanism was
introduced to the development calculation ability during
the moving of the boundary conditions for both dynamic
and static analyses. The results illustrate the utility of this
technique in geomechanics for dealing with dynamic
massive deformation situations. It creates a link that
allows traditional geotechnical continuum finite element
techniques to be applied to issues that were previously the
domain of fluid mechanics [27]. Morillo et al. discussed
the improvement of the FE software program for the
analyses, building model, and stimulation calculation by
connecting the fluid model and geomechanical model in
2014. The standard conditions were assumed to be
homogeneity and isotropy in the rock, as well as the
elastic action on the rock formation with little
deformation, a nearly static balance, and the fracture.
Vertical displacements reveal that the presented profiles
from the software and those from the listed authors are
quite similar as shown in Fig. 4 below, indicating that the
program generally functions correctly with gravity
activated. The spatial discretization generates a time-
dependent differential equation that can be solved using
the finite difference method [28].
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Fig. 3. Rock Failure for Two Model as Follows: (a)
Homogeneous Model, (b) Blocky Model [24]
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Table 2. Summary of Recent Advances

No Author Name of study Objective year
1 Zou, Jin-Zhang, David J. Williams,  Search for Critical Slip Surfaces Based on  measurements the local shear strength 1995
and Wen-Lin Xiong. Finite Element Method. using finite element method
- L uses a number of coupled geomechanical
Wan, J., L. J. Durlofsky, T. J. R. Stabilized  Finite El_ement Methc_)ds for models for reservoir fluid flow to
2 - Coupled Geomechanics - Reservoir Flow - . 2003
Hughes, and K. Aziz. . . determine the change happened in the rock
Simulations.
structural.
Combination of Discrete Element and Finite  show combination of discrete element
. Element method (DEM) and finite element method
3 Onate, £, andJ. Rojek. Methods for Dynamic Analysis of (FEM) for dynamic analysis  of 2003
Geomechanics Problems. geomechanics problems.
Hammah, Reginald E., John H. - . . Stability Analysis for the Rock using the
4 Curran, T. E. Yacoub, and Brent SFap'“ty Analysis of Rock Slopes using the Finite Element Method and checked the 2004
Finite Element Method. S . .
Corkum. application of Finite Element techniques.
. Coupled Stress and Fluid Flow Using a showing a method for stress and reservoir
5 Liu, Q, T. Stone, G. Han, R. Finite Element Method in a Commercial fluid flow utilized an FEM in a communal 2004
Marsden, and G. Shaw. o -
Reservoir Simulator. reservoir software.
Development of a Coupled Geomechanics- EQSV\IIGZd'Scelésnig;]ggiégiﬁ:ﬁ;?pr?ggn%i?
6 Du,J,andR.C. K. Wong. Thermal Reservoir Simulator Using Finite p geor - 2005
simulator using finite element method
Element Method.
(FEM).
A Locally Conservative Finite Element show a simulation calculation formula to
7 Juanes, Ruben, and Birendra Jha. Framework for the Simulation of Coupled reservoir fluid flow and geomechanics 2006
Flow and Reservoir Geomechanics. Y "
Tchonkova, Maria,John Peters, and A New Mixed Finite Element Method for New I_Developmgnt for the' pore-elast!c!ty
8 Stein Sture Poro-elasticity numerical solutions by mixed the finite 2008
) ' element formulated.
. New finite element extended method was
. . An extended Finite Element Method for . . -
9  Lecampion, Brice. Hydraulic Fracture Problems. introduced by for the solving of hydraulic 2009
fracture problems.
10 Mahabadi, Omid K., A. Lisjak, A. “ﬁvn\:erﬁ:(:rblncegde':lmftgr_Dlsgee;;eEr:erT\]iig: New combined code element method for 2012
Munjiza, and GJIJoG Grasselli. . application of the geomechanical studies .
Applications.
Stresses and Displacements  Analyses - -
’ Utilized the finite element method and the
1 Abdullah, Hamed H., Ameer H. around Tunnel Opening Under Water Body SICMA/W program to analyze the stress 2016

Al-Saffar, and Raed S. Jasim

Using Finite Element Method (FEM) in
Baghdad City/Middle of Irag.

and displacement distribution.

In several oil and gas fields, rock mechanical properties
and analysis of in-situ stress and pore pressure are very
important to study and understand the deformation that
may be occurring inside the formation. In 2015, Kumar
and Rima demonstrated that these rock properties can be
determined using FEM and that the three major stresses
can be predicted using a 2D stress model as shown above
in Fig. 5. There is vertical stress (SV) gradients in the
range of 21.00 to 22.85 MPa/km. Within typically
pressured to over-pressured sediments, minimum
horizontal principal stress (Sh) magnitudes range from 64
percent to 76 percent of SV, whereas maximum
horizontal principal stress (SH) magnitudes range from 90
percent to 92 percent. The following methodology can be
used to create geomechanical finite element models for a
variety of reservoir types, including The finite element
model's in situ stresses inside the inter-well space and
undrilled areas of the reservoir are validated versus stress
orientation [29].

At the same time, Jean and Sukumar use the finite
element extended approach to convert a 3D fault model
into a geomechanical reservoir model by considering hard
solid displacement and pore pressure in a three-
dimensional -mechanical model (FEXM). Using a Mohr-
Coulomb type criterion in geomechanics, the fault is
treated as an internal displacement discontinuity that
allows slippage [30]. Nicola Castelletto et al, in 2016
suggestion that work with FEM for heterogeneous media

can help for solved the problem of geomechanics in
equilibrium state. A range of numerical experiments using
synthetic or realistic geomechanical parameters are used
to test the approach. The numerical findings show that the
multiscale technique is capable of delivering precise
results [31]. In 2017, Osman Hamid et al built a 3D and
4D model utilizing Visage for FEM analysis for
geomechanics investigations and the software eclipse for
pressure drop prediction in carbonate reservoir weak
formation as shown in Fig. 6. The formation's compaction
has an impact on not just the weaker rock, but rather the
overburdened and the under burden. According to the
models, permeability decreased by 18% as the formation
was depleted. Such discoveries are critical for future
improvement, particularly in difficult places where stress
sensitivity is high [32]. In the same year, Yarlong Wang
proposed a dual porosity model for two-phase fluid flow
in fracture reservoirs. Using FEM to create a saturation
formula with time and pressure, he discovered that the
single porosity model may be used for two-phase flow.
The impact of two-phase flow on the geomechanics
aspect of difficulties will be the focus of future studies,
which will focus on the saturation change on pore
pressure and effective stresses. Alternatively, the skeletal
deformation as a function of saturation change will be
fascinating [33].

For the purpose of determining the stability of a
wellbore, Bharatsai created a muster case study in 2017,
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for which a geomechanical model was built to discuss
these issues and determine the modification and changes
of the reservoir's geomechanical properties, as well as to
measure the magnitude and direction of in-situ stresses.
After that, he created a 3-D finite geomechanical model
that included the formation's elastic anisotropy. Due to a
larger Young's Modulus value for Middle Bakken
sandstone, the stress change caused by the thermal effect
on drilling fluid on the borehole wall is greater for the
Middle Bakken Formation than for the Upper and Lower
Bakken Formations [34]. Babak et al. (2018) used the 3D
finite element method to create an optimized confirm the
meshing system for the well hole stability study.
Modeling the state of stresses surrounding the wellbore as
shown in Fig. 7 with this meshing technique yielded
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satisfactory agreement with drilling data in both FEM
approaches. Analytical estimates As early warning signs
of wellbore instability & breakdown, radial strain, and
displacement measurements are presented [35]. In 2018,
Wei Zhang et al. presented the Finite-Element Smoothed
Particle Method (FESPM), which is utilized to solve
large-scale issues in geomechanics. They discovered that
the FESPM has advantages over the original PFEM in
that the entire field variables are determined via recurrent
information transit between the particles and the points of
Gaussian distribution, which eliminates any errors or
added difficulty to the solution technique. The FESPM
has been proven to be a promising numerical method for
studying big problems in geomechanics [36].
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Fig. 5. Ground Stress Rates for (a) Well KG, (b) Well KS. Profiles of Earth Stress for (a) Well KG and (b) Well KS.
Hydrostatic Pressure, High Pore Pressure, Minimum Horizontal Stress, Fracture Pressure, and Vertical Stress Are
Indicated by Lines 1, 2, 3, 4, and 5. The Leak-off Test (LOT) and RFT Pressure Levels Are Represented by the Star and
Triangle Symbols [29]

Jun et al. published a paper in 2019 that focuses on the
construction of bridges. The finite element technique
models fault deformation and fluid flow inside the
reservoir during the flow cycle. In this study, the finite
element method is used to assess flow back around
hydraulic fractures in complex fracture networks, taking
into consideration the combined impacts of flow and
geomechanics. Because of the linked effects, the complex
fracture networks in unusual reservoirs and physical
characteristics impacts on diverse reservoir porosity and
permeability are considerably minimized [37]. In 2020,
Feizi Masouleh Used a finite element model, and coupled
processes involving matrix deformation and fluid flow
were studied. The reservoir's stress varies as a result of
production from a propped open fracture. The stress
change, on the other hand, is anisotropic. This shift in

stress occurs near the horizontal well that is generating it.
The novel numerical poroelastic solution allows for more
realistic estimations of stress & pore pressure distribution
near fractures, enabling the creation of better products
[38]. Chen et al, in 2021 overcome the problem of
continuous grid corner points and calculation failure, a
finite volume approach one-way coupling model
implemented in the C++ programming language has been
developed to compute the distribution of the subsurface
stress field. The findings show that a finite method is a
viable tool for thermal, hydraulic, and mechanical
simulation [39]. Danesh et al, 2022 used the finite
element method to simulate a 2D natural gas couple
model and found that the subsidence was greater at the
start of production and subsequently declined and that as
production increased, the subsidence rate also increased
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[40]. In the same year, Yingli Xia et al. used a finite
element model to combine (water/gas) with a
geomechanical model and discovered that the shear stress
grew during production, producing sand migration and an
increase in vertical subsidence. When the ratios of
permeable anisotropy were raised, the max subsidence
increased by around 81 percent [41]. Yuyang Liu et al.
proposed a method for calculating effective stress in low
Permeability (K) reservoirs by combining the mechanical
and flow models in 2022. The results show that by using
3D geological models paired with various numerical
approaches, the proposed methods may be utilized to
create the effective stress (c¢) and pore pressure fields in a
reservoir and then forecast the ce value in the reservoir
[42]. When some researchers utilize this technology, it

begins to be employed in the oil fields of Irag. In the
Rumelia oil field, Amani et al. developed in 2021 an
experimental and numerical approach for determining
hydrodynamic fracture and non-fracture for two core.
When combined with the ANSY'S finite element program
for pressure and velocity distribution, the dual porosity
and permeability approach utilized by Amani increased
productivity for the Rumelia core by roughly 10% [43]. In
order to determine the vertical and horizontal stress
distribution in the depletion reservoir, Raed and Al-jawad
presented a four-dimensional finite element model in
2022. The findings indicate that the mud window will be
affected by the change in stress during production, and the
maximum horizontal stress reduction was 322 psi [44].
Table 3 listed a summary of reservoir finite element.

Fig. 6. Pore Pressure Depletion during the Time [32]

Fig. 7. Von Misses Stress around Wellbore [35]
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Table 3. Summary of Reservoir Finite Element

No Author Name of study Objective year
Coupled  finite-element  simulation of using FEM stimulation for well
1 Bin Xu and Ron C.K. Wong injection well testing in unconsolidated oil injected inside reservoir 2013
sands reservoir unconsolidated oil sand.
. . - improve the computational capacity of
2 D. Wang, M.F. Randolph, D.J. White A dynamic large deformation f|_n|te element both static and dynamic analyses that 2013
method based on mesh regeneration - - .
include moving boundaries.
Development of a Finite Element Computer  the improvement for FEM software
3 A. Morillo, et al. Simulation Platform for a Cou- pled program for the modeling, analysis, 2014
Reservoir and Geomechanics System and simulation.
Dio Kumar Singha and Rima Geomechanical modeling using finite  determined these rock properties and
4 Chztter'ee 9 element method for prediction of in-situ prediction the three import stress by 2015
) stress in Krishna—Godavari basin, India using 2D stress model.
. . . . make 3D faults model for reservoir-
Faults simulations for three-dimensional comechanical by consider hard solid
5 Jean H. Prévost and N. Sukumar reservoir-geomechanical models with the g€ y . 2015
A displacement and pore pressure in a
extended finite element method - . -
three-dimensional mechanical mode.
Nicola Castelletto , Hadi Hajibeygi  Multiscale finite-element method for linear suggestion _formula Wo_rk fo_r_ S(_)Ive
6 - . - . geomechanical troubles in equilibrium 2016
and Hamdi A. Tchelepi elastic geomechanics state
building a 3D and 4D model using the
7 Hamid, Qsman, Ahmed Omair, and Reservoir Geomechanics in Carbonates finite e_Iement ) method fpr 2017
Pablo Guizada. geomechanical studies and the fluid
flow simulator Eclipse.
Two Phase Flow Coupled to Geomechanics introduced dual porosity model for
with  Dual Porosity Model: Simulating . .
8 Yarlong Wang Fractured Reservoirs by Finite Element two phase_ flu_ld_ flow in fracture 2017
Method reservoir using finite method
Wellbore Stability Analysis of Sanish Field ~ Seomechanical model wias built to
9 Bharatsai Alla using 3-D Finite Element Model: Bakken difi o d ch f th 2017
Case Study modification and changes of the
Geomechanical properties
Introducing optimized validated meshin build an optimized confirm meshing
10 Babak Ravaji, Sohrab Mashadizade system forgweﬁbore stability analysis using system for the wellbore constancy 2018
and Abdolnabi Hashemi 3D finite element method analysis using 3D finite element
method
. . o Smoothed Particle Finite-Element Method . .
11 ng_Zhang ; Weihai Yuan and for  Large-Deformation Problems  in showtechmqut_as called Finite-Element 2018
Beibing Dai - Smoothed Particle Method
Geomechanics.
Flow back Analysis of Complex Fracture . .
Networks in the Unconventional Reservoir Finite element method s used to
12 Junetal. - . - assess flow back around hydraulic 2019
Using Finite Element Method with Coupled .
. fractures in complex fracture networks
Flow and Geomechanics.
.. Geomechanical modeling of reservoir using Used a finite element n_10de|, an_d
13 Feizi Masouleh finite element method coupled processes involving matrix 2020
) deformation and fluid flow
Application of the finite volume method for  Finite volume approach one-way
geomechanics calculation and analysis on  coupling model implemented in the
14  Chenetal. temperature dependent poromechanical stress ~ C++ programming language has been 2021
and displacement fields in enhanced developed to compute the distribution
geothermal system. of the subsurface stress field
Prediction of interactive effects of CBM Used the finite element method to
15 Daneshetal. production, faulting stress regime, and fault simulate a 2D natural gas couple 2022
in coal reservoir: Numerical simulation. model and found that the subsidence.
Geomechanical Response Induced by used a finite element model to
16  Yingli Xiaetal. Multiphase (Gas/Water) Flow in the Mallik combine (water/gas)  with a 2022
Hydrate Reservoir of Canada. geomechanical model.
Yuyang Liu et al. An Approach for Predicting the Effective calculating effective stress in Low-K
17 Stress Field in Low-Permeability Reservoirs  reservoirs by  combining  the 2022
Based on Reservoir-Geomechanics Coupling.  mechanical and flow models.
experimental and numerical approach
Majeed, Amani J., Ahmed Al- Numerical study of the natural fracture using ;%dﬁgi?:;ég?r:ﬂ%:ofxga?c:rcefrw# erg
18  Mukhtar, Falah A. Abood, and dual porosity-dual permeability model for - . Do 2021
A combined with the ANSYS finite
Ahmed K. Alshara Rumaila Field, southern Irag.
element program for pressure and
velocity distribution.
. 4D Finite element modeling of stress . . -
19 Allawi, Raed H., and Mohammed S. distribution in depleted reservoir of south presented a four-dimensional finite 2022

Al-Jawad.

Iraq oilfield.

element model.
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5- Conclusion

The objective of this study was to provide some
background information on the FEM's history and a
summary of its current engineering problem-solving
abilities. It is crucial to remember that the method's initial
development was fully focused on how to generate
equations for the approach, use them in practical
applications, calculate the stresses of aircraft, and utilize
them in computer programs. The method was developed
to encompass solving any engineering problem; it was
used to calculate stresses in geomechanical investigations
and to generate 1D, 2D, and 3D models as well as to
determine how fluid flow affected reservoir pressure and
how those changes affected on stresses.

Presently, modern technology allows for the
discretization and division of almost anything into finite
elements, whether it be a solid, liquid, or gas by creating
3D and 4D models to connect the geomechanical and
reservoir models. Therefore, it is imperative that all
nations realize that the effective application of the Finite
Element Method is their most important tool for
development.

The history of the finite element method, the utility of
employing this method, and the problems that can be
solved using FEM are all covered in this study. These
formulated equations are required by the oil and gas
business in order to make changes to problems that may
arise in the future. In a word, the finite element method is
the way of the future; it has a lot of power, which we will
hopefully realize in the following years.

Abbreviations

Acronym Definition

1D One-Dimensional

2D Two- Dimensional

3D Three- Dimensional

FEM Finite Element Methods

DPM Dynamic Program Method

FDEM Finite Discrete Element Method

FEXM Finite Element Extended Method

EDM Element Discrete Method

SFEM Stabilized Finite Element Methods

FIC Finite Calculus

SSR Shear Strength Reduction

FET Finite Element Techniques

FES Finite Element Slop

GLS Galerkin's Least Square

BHP Bottom Hole Pressure

LFEM Large Finite Element Method

MIMSS Meshing and Interpolation
Mechanism Small Strain

FECS Finite Element Computer
Simulation

FESPM Finite-Element Smoothed
Particle Method

Ce Effective stress
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