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1-Introduction

The instability of borehole wells is one of the problems that drilling engineers face when drilling oil and gas
wells, which causes a heavy financial loss to this industry every year. In addition, such problems will increase
the drilling time of a well beyond the planned amount. Therefore, in many companies in this industry, borehole
stability analysis is considered an essential part of the planning stage of drilling new wells (Zare-Reisabadi et
al., 2011; Zeynali, 2012; Al-Ajmi, 2006).

Many parameters play a role in the instability of the borehole wall. Some of these parameters are related to
the properties of the drilling mud and its interaction with the formation. Others are related to the mechanical
properties of the formation and the stress direction around the wellbore (Maleki et al., 2014). Among these
factors, some are controllable, and others are uncontrollable. For example, the fluid formation pressure, the
stress situation in the ground, and the type and strength of the formation rocks are among the uncontrollable
factors, and the weight of the drilling mud and the direction of the well are among the controllable factors
(Kidambi and Kumar, 2016; Amiri et al., 2019; Nguyen, 2010).

In order to determine the optimal value of the controllable parameters, it is necessary to build a
geomechanical model, which includes a logical set of information related to geology, regional stresses, rock
mechanical properties, and pore pressure. It is used as a tool to quickly update information for use in drilling
operations and reservoir management (Moos, 2003).

After building these models, it will be necessary to use a suitable failure criterion to analyze wellbore
stability under drilling conditions. The discontinuities related to wellbore walls can be studied using tensile and
shear failure concepts to choose an appropriate failure criterion. The tensile failure criterion usually evaluates
the tensile failure of the wellbore wall, which usually occurs during drilling with high mud weight. However,
different criteria have been presented to investigate the shear failure. The most important are the Mohr-
Coulomb, Mogi-Coulomb, Hook-Brown, Modified Lade, and Drucker-Prager criteria (Khaksar et al., 2015).
Each failure criterion predicts different values for rock strength and minimum mud weight required for keeping
the wellbore stable. Therefore, choosing failure criteria for wellbore stability analysis is complex and
controversial (Amiri et al., 2019).

In this study, the stability of the borehole wall of the Asmari Formation in the Ahwaz oil field located in the
southwest of Iran will be investigated using Mohr-Coulomb and tensile failure criteria as well as MATLAB
software. For this purpose, the stress situation around the wellbore will first be investigated. Then, entering the
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magnitude of these stresses and the mechanical rock properties of some points (table 1) of the studied reservoir
into Mohr-Coulomb and tensile failure criteria, the optimum mud weight range and drilling direction will
reduce problems related to the instabilities will be calculated. Also, at the end of this article, the possible
conditions for creating all possible borehole failures will be discussed. Finally, the results of this research can
be used to drill future wells.

Table 1. Rock mechanic and geomechanic properties of the studied area.

Point number 1 2 3 4
Depth (m) 3660 3831 4068 4125
Minimum Horizontal Stress (MPa) 59/58 58/19 65/63 62/06
Maximum Horizontal Stress (MPa) 69/48 68/52 77/04 72/58
Maximum Horizontal Stress Direction (degree) 71 71 71 71
Vertical Stress (MPa) 86/34 91/58 99/14 100/97
Pore Pressure (Mpa) 42/55 40/47 44/78 47/57
Uniaxial compressive Strength (Mpa) 0.9 5/75 6/58 4/61
Poisson Ratio (unitless) 0/18 0/18 0/19 0/15
Friction Angle (degree) 25/34 26/62 23/43 26/15

2-Material and methods

A suitable behavioral model is necessary to calculate the stresses around the well and evaluate the instabilities
of a borehole wall. Today, linear elastic models are widely used due to the need for fewer input parameters
than other models, and they also provide a closed analytical solution. In this study, based on this model and
Mohr-Coulomb and tensile failure criteria, the upper and lower limits of the Safe Mud Weight Window
(SMWW) will be calculated for all possible wellbore trajectories. Furthermore, this analysis will determine
some problematic points of a drilled well in the studied area for a more reasonable result. The results of this
analysis will also be used to determine the required situation for different failures. It is good to note that
MATLAB software was used to implement this step due to the difficulty of the calculations.

3-Results and discussions

In this step, the stability analysis was conducted for four different points using the existing data in Table 1.
Based on the result, one can conclude that vertical drilling and low drilling mud weight used in the drilling
operation are the two main factors that led to wellbore instability occurrences in this well. Therefore, it is
recommended to try directional drilling and use a higher drilling mud weight to avoid these occurrences in
future drilling operations. Furthermore, it was concluded that shear failure wide breaks out and shear failure
shallow knockout are two types of borehole failures that occurred in this well due to low drilling mud weight.

4-Conclusion

This study investigated the stability of the borehole walls in the Asmari formation of the Ahwaz field located
in the southwest of Iran using Mohr-Coulomb and tensile failure criteria. Four points of the studied well that
had stability problems were selected for sensitivity analysis using MATLAB software. The analysis showed
that the significant problems related to instability in this well occurred due to the selection of low mud weight.
Based on the analysis, most failures in the study are shear failure-wide breakout types. However, a shallow
knockout type for shear failure is predicted for the last point. Also, based on the results of this study, it can be
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shown that drilling a well will always be risky, and for drilling future wells, drilling in the direction of minimum

horizontal stress and with a slope of 27 up to 33 degrees is suggested in which case the weight of the selected

mud should be between 13.24 and 14.16 pounds per gallon. In addition, based on the analysis, adopting such

an approach reduces the problems related to the borehole wall's instability and reduces the drilling operation's

time and cost.
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Table 1. Rock mechanic and geomechanic properties of the studied area.
Point number 1 2 3 4
Depth (m) 3660 3831 4068 4125
Minimum Horizontal Stress (MPa) 59/58 58/19 65/63 62/06
Maximum Horizontal Stress (MPa) 69/48 68/52 77/04 72/58
Maximum Horizontal Stress Direction (degree) 71 71 71 71
Vertical Stress (MPa) 86/34 91/58 99/14 100/97
Pore Pressure (Mpa) 42/55 40/47 44/78 47/57
Uniaxial compressive Strength (Mpa) 0.9 5/75 6/58 4/61
Poisson Ratio (uniteless) 0/18 0/18 0/19 0/15
Friction Angle (degree) 25/34 26/62 23/43 26/15
Ov

p—

~— > @

.

Ly sl il g ol Soleds oled -) IS
Fig. 1. Schematic of the wellbore and the in-situ stresses.
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Fig. 2. Safe mud weight window (Abdideh and Hasanzadeh, 2021).
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Table 2. Different types of wellbore failure (Tranggono, 2019).

Row . The Required Details
Failure Types Situation
1 Shear Failure Wide
Breakout (SWBO) S g > This mode of failure occurs in the radial /
%6 =0z = Or tangential plane. It also called as casual breakout.
2 . . This failure occurs in axial / tangential arc. Shae
Shear Ei'liglrgnH(g:ﬁEn)gle 0, >0, = 0y form high-angle fractures that cover up to a quarter
of the borehole circumference.
3 Shear Failure Shallow The failure will occur in the radial / axial plane.
Knockout (S5KO) 0, = 0g = O, in image log, ssko can be seen as dark vertical
feature with narrow width (around 20 degree)
4 . Sdko occur in the radial / axial plane. The
Shear Failure Deep orientation of sdko is in the direction of maximum
Knockout (SDKO) 6, >0y >0, horizontal stress (o+). In Image log, it appears as
dark vertical feature with narrow width (around 20
degree).
5 Shear Failure Narrow This failure occurs in radial / tangential plane.
Breakout (SNBO) 6. >0.>6 Snbo also called as breakout and it is generally
r="z="76 narrow because the failure covers an arc less than 30
degree
6 Slae occur in the axial / tangential plane. This
Shear Failure Low Angle g > failure forms low-angle fractures. The orientation of
Echelon (SLAE) Op = 0r = 0z this failure is in the direction of minimum horizontal
stress (on) and it extend away at low angle.
7 Tensile Failure Vertical In image log, this tensile failure appears as dark
(TVER) o < Ty vertical feature with very width (more than 20
degree ).
8 Tensile Failure Horizontal In image log, this failure can be seen as a thin
(THOR) o, <-Tp black horizontal line throughout all azimuthal
orientations.
9 Tensile Failure Cylindrical
(TCYL) 6. < —T Tcyl is concentric with borehole wall and it does
r="10

not appear in image log.
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Table 3. The required condition for different failure types to happen in the studied points.

Failure Types Point 1 Point 2 Point 3 Point 4
SWBO 0<AZ <180 0<AZ<180 0<AZ <180 0<AZ <180
0 <inc<90 0 <inc<90 0 <inc<90 10 <inc <90
Pw = 10/85 Pw = 10/85 Pw = 10/85 Pw = 10/85
SHAE = et s ek e
SSKO 0<AZ <180 0<AZ <180 0 <AZ <180 0<AZ <180
Inc < 20 Inc <10 Inc<6 Inc< 10
Pw = 14 ppg Pw = 14 ppg Pw = 13/1 ppg Pw = 10/85 ppg
SDKO
SNBO
130 < AZ <180 130 < AZ <180 150 < AZ <180 140 < AZ <180
SLAE 70 < Inc 60 < Inc 80 < Inc 75 < Inc
Pw =16 ppg Pw =17 ppg Pw =15 ppg Pw =15 ppg
TVER AZ = oy direction 50 < AZ <90 30<AZ <110 AZ = oy direction
0 <inc <90 70 < inc 40 < inc 45 < inc
Pw = 11/26 ppg Pw = 10/85 ppg Pw = 10/85 ppg Pw = 10/85 ppg
THOR
ToyL AZ = 130 degree

75 < Inc

Pw=10/85 ppg
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