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Abstract

Wellbore failure criteria are essential issues during drilling deep wells. When drilling activities begin,
the major stresses will change, and a new set of forces will be created in the rocks that surround the
borehole. These stresses will be caused by the drilling operations themselves. This study concern with
estimating stress state and magnitude around the wellbore by constructing a one-dimensional
mechanical earth model (1D-MEM) that will help to predict failure criteria during deep wells drilling. A
set of well logs data measurement has been used to compute failure criteria parameters for nine
formations along the studied well. Repeated formation pressure and laboratory core testing are used
to validate the calculated results of 1-D MEM. The prediction of failure criteria along the nine studied
formations shows that for Ahmadi, Nahr Umr, Shuaiba, and Zubair formations, the wellbore failure
criteria appear unsafe compared to other formations. The results of stress analyses indicate that the
breakout factors wasn't affected by wellbore azimuth because of low-stress contrast along the these
formations. Furthermore, shear failure can be prevented by drilling the well with an inclination of less
than 35°. As well as, to prevent breakdown the well should be drilled with an inclination between 25°
to 65° in the direction of minimum horizontal stress. These important results could be used to pridict
accurate wellbore trajectory when planning to drill nearby wells in the future.

Keywords: Elastic properties,; Failure criteria; Geomechanical properties; Wellbore stress; Stress direction.

1. Introduction

Wellbore failure criteria analysis is the most challenging problem in terms of cost and time
in deep drilling operations. Many theoretical models [*]1 are proposed to analysis the failure
caused by mechanical instability of the wellbore to predict hole washout as well as tensile
failure (fracking) and find the right pressure from the used mud to keep the borehole from
failing. He illustrated that the model can be employed in vertical and deviated wells in a region
having both normal and in-situ stresses. His findings demonstrate the effect of the wellbore
angle on the failure of the wellbore and the correct selection of mud weight windows. Two
distinct stress models are presented [2]1 which are the elastic model and the failure model
(poro-elastic model). The analysis revealed that the proposed failure model appears to be
more accurate for shale than elastic models. Seven different criteria of failure [31 are proposed
and compared them to release polyaxial data (o1 > 02 > 03) for five various types of rock with
different states of stress. They used a new grid search algorithm to select the most appropriate
parameters that describe each failure criterion and the misfits of the data that go with it.
Overall, they discovered that the majority of the test data fit perfectly to the polyaxial criteria
of Modified Wiebols and Cook, as well as Modified Lade. A new model known as the Mogi-
Coulomb model 4l which allows them to quickly determine the critical mud drilling window
They also stated that Mohr-Coulomb is typically used for brittle rock; however, this criterion
includes maximum and minimum stresses and does not consider intermediate stresses. Go-
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mechanical model [51 were used to evaluate the prearranged wellbore locations for the devel-
opment of an offshore oilfield in Australia. The findings of the research demonstrated that
natural fractures of any size could have a big impact on the condition of in-situ stresses and
stresses that were caused by revealing the borehole annulus. used Different failure criteria
were used for an appropriate selection of mud weight [6] to prevent the wellbore from becom-
ing unstable. They decided to go with the Mohr-coulomb, Mogi-coulomb, and Hoek-Brown
combinations. In addition to this, they discovered that the Mohr-Coulomb model was con-
servative in its predictions, whereas the Mogi-Coulomb model provided them with desirable
outcomes in comparison to the Hoek-Brown model. A comparison of thirteen regularly used
failure criteria are good [71 estimation and identified the differences and similarities that ex-
isted between them. According to the findings, some of them may be utilized to determine the
higher boundaries of the minimum mud weight (Tresca, Von Mises, and Inscribed Drucker-
Prager), while other ones can be utilized to determine the lower limits of the minimum mud
weight (Drucker-Prager). Finally, the outcomes of the cases that were studied appear to be
the same for the Modified Wiebols-Cook, Modify-Lade, and Mogi-coulomb models. The in-situ
and induced stresses can be estimated by developing a fully MEM [8], Their research aimed to
predict the stability of the wellbore and the pressure at which breakout occurs in both vertical
and inclined wells. The model was constructed for a formation in the southwest of Iran using
a wide variety of petrophysical techniques, field data, and laboratory testing. Predictions of
the breakout pressure were made using the Mohr-Coulomb, Hoek-Brown, and Mogi-Coulomb
failure criteria. They found that the Hoek-Brown criteria provided the most accurate results.
The authors came to the conclusion that an overall increase in wellbore slope produces an
increase in breakout pressure as a result of the sensitivity analysis that was done for the angle
of inclination and the azimuth. This problem has been discussed in this study for one of the
enormous mature oilfields of the Iraqi fields which is the H oilfield. H oilfield is measures
around 38 km in length and 12 km in width, most of those areas are desert and are flat.

H field was discovered in 1976, eight wells were drilled and seven oil-bearing formations
were discovered. The structure was defined by 2D seismic data shot. Up to June 2010, eight
wells were the deepest well, where it reached a depth of 4,788m down to the Lower Cretaceous
Sulaiy formation. The seven oil-bearing formations of the H oilfield are Tertiary Jeribe and
Upper Kirkuk; Upper Cretaceous Hartha; Tanuma; Khasib; Mishrif; Nahr Umr; and Lower Cre-
taceous Yamama.
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2. Locations of drilled wells in Yamama formation

Fig. 1. Location of H oilfield (modified after [°7), Fig. (modified after [101) .

H oilfield is located on the Arabian Shelf, which is adjacent to the Zagros tectonic zone. The
structure of the anticline is a low-dip anticline in which the long axis is nearly perpendicular
to the Zagros. There is no large fault that could be recognized by seismic data from the region.
According to its structure, failure criteria are essential to be recognized during good planning.
The geologic column for the H oilfield is viewed in Fig.3.
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Formmt TopDepth | Height Lithology descript
(m) (m)
Upper Fars 10 1310 Mudstone and sand o ypm dstone at the
Lower Fars 1320 sop | Sendstone, mudstone limetenc, gypsum, st rock
Jeribe -Euphrates 1910 30 Dolomite, gypsum
Kirkuk 1940 436 sandy dolomite, marlite interbedding
Jaddala/Aalip 2376 134 Chent limestone, marlite and shale
Shiranish/Hartha 2510 116 Limestone, marlite at the bottom
Sady/Tanuma 2626 134 Marlite at the top, limestone and shale
Khasib 2760 70 Mainly marl
Mishrif A Limestone with shale and marlite
2830 410
Mishnf B Limestone with Chert
Rumaila/Ahmadi 3240 50 Limestone
Mauddad 3290 170 Limestone
Nahr Umr 3460 250 Shale, unconsohdated sandstone and shale
Shuaiba 370 200 Limestonc with shale
Zubair/Ratawi 910 360 Sandstone, mudstone with shale
Yamama 4100 250 Limestone
Sulaily 4350 Limestone

Fig. 3. Stratigraphy column for H oilfield (modified after [101),

2. Materials and methods
2.1. Mechanical earth modeling (MEM)

The mechanical model was used to create a constructive geomechanical model that pre-
dicted pore pressure and far-field stresses as a function of depth. Elastic rock parameters such
as Poisson's ratio, shear modulus, bulk modulus, and Young's modulus and strength were also

calculated.
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Fig. 4. The workflow for the study's methodology.
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Friction angle, rock cohesiveness, tensile strength, and unconfined compressive strength
are all rock characteristics by input the data as presented in Fig. 4. The first step was collecting
the required data to create the model (such as well as logs including density, gamma ray,
shear wave velocities, compression wave velocities, caliper, bit size), and measured data (such
as Laboratory core testing confirmed its authenticity). Then the profiles for the 1D- MEM con-
stituents can be constructed. The mechanical earth model consists primarily of vertical stress,
pore pressure, the elasticity and strength of the rock, and horizontal stresses. Validation can
be done using the observed data from repeated formation test (RFT), and core rock mechan-
ical laboratory test [111

2.1.1. Vertical stress

Vertical stress, also known as overburden stress (Sv), is the pressure put on a point by the
weight of formations that are below it and contain fluid. One of the principal strains is vertical
stress, which points in the direction of the earth's core. The depth-dependent propagation of
overburden pressure results in an increase in sediments [12], The vertical stress was calculated
by incorporating the derived densities from of Bulk Density log that covered the rocks from
Mishrif formation to Yamama formation, by using equation (1) [13-15],

SV=g f:pb(z)dz (1)

where pb (z) represent bulk density of formation depending on the depth and can be obtained
from the density log; Z represents depth. While the missing density at the surface interval is
extrapolated by using equation (2) [6],

pM = pmudline + Ao x (TVD — Air gap — Water depth)* (2)
where pM is the density at ground level in gm/cm?3; pmuaime: density of substance at ground
level (soil density 1.65 gm/cm3); air gap: height of rotary table from the ground (m); TVD:
the true vertical depth (m); Ao and a: Equation constants.

The vertical stress profile is shown in the third track of Fig. 5 for the studied formations.
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2.1.2. Shale flag (mechanical stratigraphy)

The profile of shale flag was calibrated with pore pressure taken from permeable layers by
using RFT technique of formation test (blue circle in third track) and show good agreement as
illustrated in as illustrated in the second track of Fig. 5 under the name of shale flag. The
inconsistency of the pressure scale arises from the significant disparity between the upper
scale value of 20,000 psi and the desired value of 10,000 psi, which is half of the current
upper limit. This adjustment is necessary in order to properly assess the sensitivity of pressure
changes, as demonstrated in the second track of Fig. 5 under the name formation pressure
for the studied formations.

2.1.3. Formation pressure

Pore pressure is a crucial factor in drilling plane, petroleum production, and geomechanical
modeling. It significantly affects both the wellbore's deformation and the stability analysis of
the drill hole. Pore pressure is estimated by direct and indirect methods. The direct methods
and pore pressure were measured by some techniques such as RFT and DST.

In the indirect method, the profile of pore pressure was calculated by merging the normal
pressure and geo-pressure profiles. The profile of the hydrostatic pressure (Ph) was calculated
by using equation (3) and the profile of geo-pressure in this study was calculated according
to equation (4), using the Eaton method [7]1, This equation was used to estimate the pore
pressure in the shale’s formations (nonproducing zone). On the other hand, the linear inter-
polation method was used to predict the pore pressure in permeable limestone (production
section) as demonstrated in the third track of Fig. 5 under the name PPRS EATON S. The
resultant profile was calibrated against actual pressure point measurements from indirect
methods to minimize the uncertainty of the estimated pore pressure) as demonstrated in the
third track of Fig. 5 under the name formation pressure for the studied formations.

z
Phydrostayic = f pw g dz (3)
0

At
Pp =0y — (O-v - Ppnorm) *ak (%)n (4)

2.1.4. Mechanical properties

Rock mechanical properties are mostly related to subsidence issues such as sand produc-
tion, wellbore instability, and fracturing operations. The elastic properties including Young's
modulus (E) (resistance of rock sample to uniaxial stress), Poisson's ratio(V) (measuring the
rock expands with respect to a shorting in axial), the Shear modulus (G)(the amount of rock
misshapes in response to shear stress) and the Bulk modulus(K) (the hardness under volu-
metric compression). The strength properties including internal friction angle(¢) (estimation
of rock failure), Cohesive Strength(So)(defines a reflectance to the degree of adherence be-
tween connected molecules), Tensile strength(Ts) (the rock resistance), Unconfined compres-
sive strength (UCS) (the highest axial compressive stress in a triaxial test that a rock with-
stands before failing) [*2], These properties are considered essential components in the deter-
mination of the magnitude of horizontal stresses, analysis of the stability of the wellbore, and
prediction of stable mud windows to achieve stable drilling.

These properties are estimated by the direct laboratory methods and indirect petrophysical
methods, usually direct methods are used to calibrate the estimated profiles of the property’s
estimation from indirect methods. In this study, the mechanical properties of rock were esti-
mated from indirect petrophysical methods using three types of logs (shear and slowness
velocities, bulk density) as expressed in equations 5 and 6 which were used to calculate the
shear and bulk moduli (G and K). Shear moduli is the measurement of the stiffness of material
resistance against the applied shear stress. Bulk moduli (K) measures the capability of the
material to resist the change in volume when all sides of the material are under compression [171,
Hence, from the two moduli (shear and bulk) the dynamic profiles of Young’s modulus(E) in
Mpsi and Poisson ratio(v) can be estimated, by using the equations 7 and 8 sequentially.
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pb
Gayn = 1347445 ¥ —— 5
an (Atshear)z ( )
_ Pp 3
Kayn = 1347445 x | —-— | = 2 Gy, (6)
(Atcomp)

where: pbis bulk density of the formation (g/cm3); (Atgheqr) and (Atcemp) are acoustic travel

time of shear and compressional in psec/ft.
_ 9 * Gdyn * Kdyn

E =
dyn Gdyn + 3 % Kdyn (7)
v _ 3Kdyn B ZGdyn (8)
D 6K gyn + 2Gaym

These dynamic rock parameters are converted into static rock properties via accessible
efficient correlations. Because of the low constraint of the logging device and the effects of
pore pressure, stress, strain, and cementation dynamic rock values are frequently larger than
static rock properties. The estimation of static profiles shows a good matching with the direct
measurements from laboratory testing, as demonstrated in the fourth track of Fig. 5 for the
studied formations.

Many correlations exist to convert dynamic Young's moduli to static Young moduli, such as
the Plumb Bradford, Modified Morales, Morales, and John Fuller correlations. The most accu-
rate and appropriate correlation was the John Fuller correlation, which was applied to sand-
stone and shale formations and used to estimate the static Young's modulus profile [18]-

2.1.5. Horizontal stress magnitudes and directions

A rock creates horizontal movement when vertical stress is applied perpendicularly, which
have the same value but only vertical pressure is present. While tectonic activities and faulting
influences horizontal stresses. In tectonic activity, such as isotropic formation, only vertical
stress occurs if the magnitudes of the minimum and maximum horizontal stresses are identical.
Horizontal stresses have variable values and should be considered if there is tectonic activity
and a significant fault [*°1, When there are no tectonic activities the minimum and maximum
stresses have existed, there are different values for both minimum and maximum stresses.

Poro-elastic model assuming a poro-elastic flat-layer distortion of the rock formation and
coupling with specific consistent strains, gy and esuyax Will be act on formation in orienta-
tion of mini- and maxi- horizontal stresses, respectively.as demonstrated in the third track of
Fig. 5. The model equations are mainly based on the Young module, pore pressure, density,
and rock deformation as expressed in the equations 9 and 10.

v S*U v*E
ah:l—v*gv_l—v*ap"-i-ap"1—v*€h+1—(v)2*€H (9)
C Pt ap, Vg, 10
= * — * — % _—
=T O Ty e Mo T M 1— (v)? £ (10)

where on and on are the maximum and minimum horizontal stresses respectively; V refers to
Poisson's ratio; ov represents the vertical stress; a indicates Biot’s coefficient (conventionally
a=1); E represents the static Young's modulus; Pp represents the pore pressure; eh and eH
are the strain in the direction of oh and oH, respectively, as expressed in equations 11 and 12.

v (Y 11
= * —_
€n E 1—0v (11)
O, *V v?
&y = E * 1—U_1 (12)

2.1.6. Direction of horizontal stresses

Another crucial role of reservoir geomechanics is the estimation of horizontal stress orien-
tation. It is playing a significant part in drilling by setting a wellbore trajectory that is optimum,
and it also aids in production by locating the preferred perforation orientation and preventing
sand generation. There are numerous logging tools available, including resistivity and cross-
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dipole logs, caliper logs, ultrasonic borehole televiewers, and formation micro imagers (FMI).
When stress concentration around a borehole exceeds the capacity of the rock, caving or
breakouts are likely to result [20],

In vertical wellbores, breakouts occur in a direction perpendicular to the maximum hori-
zontal stress and parallel to the minimum horizontal stress. While in deviated wells, the break
out development was influenced by the wellbore, orientations, and magnitudes of stresses as
well as the wellbore trajectory [211,

2.2. Around wellbore failure criteria analysis

Failure criteria chose the safe mud weight window by comparing wellbore stresses to rock
strength, so preventing the most common instability problems shear failure and tensile failures
from occurring. Consequently, a number of failure criteria have been developed for borehole
stability analysis that rely on the intermediate principal stress 62. These criteria are divided
into two groups: independent failure criteria (which ignore intermediate stress) like Mohr-
Coulomb and dependent failure criteria (which take internal stress into account) like Modified
Lade and Mogi-Coulomb failure criteria.

Borehole collapse occurs when the compressive strength of the rock-applied stress is larger
than the stress applied by drilling mud, or Hole enlargement occurs when the pressure of
drilling fluid is lower than formation pressure. Breakout failure is the term used to describe
various failure types. The signs of that are poor cementing, inflexible formation fluid, ineffec-
tive hole cleaning that necessitates a rise in hydraulic needs, and challenges with the perfor-
mance and response of well log tooling. Instability of the well occurs when the pieces of rock
collapse fall down into the hole and settle on the drill string causing the inability to withdraw
the drill string which causes a stuck pipe [22-23],

Narrowing or hole closure results from the creep under the influence of the overburden
(plastic flow of the rock), which usually occurs in sandstone, shale, and salt sections. The
symptoms include difficult casing landing, increased torque, possible pipe sticking, and pre-
venting hole closer requirement to repeat reaming operations.

Fracturing occurs when the pressure of mud weight exceeds the pressure of formation
fracture. The signs of that are lost circulation and well control issues (kick and blowout), which
arise when drilling fluid invades the formation and decreases the influence of the drilling fluid
pressure that has been applied.

2.3. Failure analysis

Failure criteria is one of the important results of wellbore stability analysis, which consists

of four critical values. These critical values are defined with respect to the mud pressure [20]

as clarified in Fig. 6, which is pressure equivalent to drilling mud weight:

1. Pore pressure (Pp): As shown the mud weight below the pore pressure may result in a kick
and/or washout (wellbore collapse).

2. Shear failure pressure (PBKO): A breakout may occur if the mud weights decrease below
the PBKO limit.

3. Formation breakdown pressure (FP): Also known as breakdown pressure, or fracture pres-
sure [12] this pressure is required to cause rock fracture at a depth. The fracture pressure
may be less than the minimum horizontal stress if the rocks already have pre-existing
flaws. The maximum fracture pressure for unaffected rocks will occur following the initiation
of a tensile failure and the occurrence of mud loss. When the tensile strength and the least
hoop stress are equivalent, the fracture pressure can then be determined using Kirsch's
solution.

4. Minimum horizontal stress (h): Mud pressures higher than the minimum horizontal stress
reopen fissures in the wellbore wall and result in mud loss [51,

In conclusion, it is for investigation of a stable wellbore the safe mud weight generally
should designed to be greater than the shear failure pressure and the pore pressure and less
than the formation breakdown pressure and the minimum horizontal stress. Otherwise, an
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unstable wellbore will be produced with so much rock material failing from the borehole cir-
cumference. Then, due to the excessive total volume of failed rock material and drilled cuttings
and inadequate lifting capacity caused by annulus enlargement, a borehole pack-off can occur
on the bottom hole assembly. Hence, this circumstance is sometimes called wellbore collapse

because it seems that the wellbore collapsed in the drilling, and the cutting cannot be circu-
lated out of the hole.

zlelelo

4 & 4
Excessive Breakout Nonsymmetric Symmetric Stable
and Collapse Failure Sloughing Sloughing Wellbore

Fig. 6. The concept of shear failure around the wellbore (modified after [12]),
3. Results and discussion

3.1. Wellbore failure

After the complete construction of 1D-MEM, it must be validated before its application by
performing a failure under actual failure conditions of the wellbore which is executed by using
the image formation test, caliper logs, and the drilling events. The failure criterion which in-
vestigates greater match is considered the most practical criterion for interval interest. In this
study three failure criteria are applied for a geomechanical model such as Mohr-Coulomb il-
lustrated in Fig. 7, modified-Lade illustrated in Fig. 8, and Mogi-Coulomb illustrated in Fig. 9,
to foresee the unstable regions in the wellbore.
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Fig. 8. Breakout force using Modified-Lade criterion.

From the obtained results, the Mohr-Coulomb criteria appeared overstate while the Modi-
fied-Lade criteria was conservative in foreseeing rock failure but the Mogi-Coulomb criterion
showed a more reasonable and appropriate in foreseeing rock failure for H oilfield and showed
a good agreement with the observed breakouts from logs because Mogi-Coulomb take inter-
mediate principal stress in consideration when analysis the failure, as demonstrated in the
third and fourth track of Fig. 9.
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3.2. Single depth sensitivity analysis for the studied formations

In order to predict the optimum mud weight for planed wellbore trajectories, a single depth
sensitivity analysis was carried out after the completion and validation of 1D MEM, which included
rock properties, pore pressure, and in-situ stresses (vertical stress and horizontal stresses).
The results of the sensitivity analysis are shown in two plots: stereonet plots and line plots,
which make use of the current wellbore trajectory, current mud weight, and MEM outputs such
as pore pressure, in-situ stresses, and rock elastic and strength properties for a certain depth.
Shear failure and breakdown failure are examples of stereonet plots. The stereonet plot has
circles in the center that represent the well's inclination, which ranges from zero at the center
to 90° on the outside circle, and circles in the middle that represent the well's azimuth, which
ranges from zero at the top to 360° in a clockwise direction. The color shading on the graph
indicates the quantity of mud needed to prevent failures, as shown in Fig.10-a and b.

e
(b)

Fig. 10. Plots of mini-mud weight by using Mogi-Coulomb failure criterion: (a) breakout mud weight vs.
orientation, (b) breakdown mud weight vs. orientation.

In breakouts stereonet plots, as shown in Fig 10-a, the blue color indicates the least amount
of mud weight that can be used without any potential shear failure, and the red color indicates
the highest amount of mud that causes tensile failure. Similarly, in breakdown failure stere-
onet plots, as shown in figure Fig.10-b, the blue color indicates the least amount of mud
weight that can be used without any potential tensile failure. Mud weight sensitivity for bore-
hole trajectory is the second part of sensitivity analysis. The safe mud weight window at a
particular azimuth may be found by plotting the mud weight window against the borehole
inclination, as illustrated in Figure Fig.10-c. On the other hand, as seen in Fig.10-d, the dia-
gram of the mud weight window versus borehole azimuth shows the safe mud weight window
as a function of azimuth at a particular deviation. Drilling data studies and previously built
geomechanical modeling were used to determine the drilling fluid density window. Using the
Mogi-Coulomb criterion for the MEM, which was constructed as shown in Figure 10, the stereo-
graphic plots have been utilized to estimate safe mud weight in relation to orientation and inclination
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and to expect the impact of azimuth and deviation on breakout and breakdown of the rock. This
sensitive single-depth study was carried out at essential depths throughout troublesome for-
mations, including shale and weak sandstone for the dangerous layers of the H-oil field.

3.2.1. Single depth sensitivity analysis for Ahmadi formation

The single depths sensitivity analysis was applied in this formation according to failure
which was predicted by the Mogi-Coulomb criterion with actual mud weight.

Sereonet plots for depth (3362.9) m showed the breakouts with inclination (0-40) degree
is most save and stable regarding shear failure, even when using low mud weight in directions
of minimum horizontal stress, but for inclinations 60 degrees and above, shear failure occurs
even with a high mud weight in both directions of minimum and maximum horizontal stress,
and stereonet plots for breakdown show that tensile failure most likely occurs with inclination
80 and above towards of maximum horizontal stress. While in the direction of minimum horizontal
stress, breakdown may not occur even with high mud weight, as illustrated in Fig. 10-a and b.

3.2.2. Single depth sensitivity analysis for Nahr Umr formation

Stereonet plots for depths (3669) m, showed the breakouts with inclination (0-45) degree
is the most save and stable regarding shear failure, even when using low mud weight in di-
rections of minimum horizontal stress, for inclinations 60 degrees and above, the shear failure
occurs even using high mud weight in both directions of minimum and maximum horizontal
stress. Stereonet plots for breakdown show that tensile failure most likely occurs with an
inclination of 80 degrees and above, towards maximum horizontal stress, and requires low
drilling mud weight to maintain the wellbore stabilized. While in the direction of minimum
horizontal stress, breakdown may not occur even with high mud weight, Fig.11-a and b.
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Fig. 11. Plots of mini-mud weight by using Mogi-Coulomb failure criterion: (a) breakout mud weight vs.
orientation, (b) breakdown mud weight vs. orientation.
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3.2.3. Single depth sensitivity analysis for Shuaiba formation

Stereonet plots for depths (3878.8) m, showed the breakouts with inclination (0-45) degree
is the most save and stable regarding shear failure, even when using low mud weight in di-
rections of minimum horizontal stress, for inclinations 60 degrees and above, the shear failure
occurs even using high mud weight in both directions of minimum and maximum horizontal
stress. Stereonet plots for breakdown show that tensile failure most likely occurs with an
inclination of 90 degrees and above, towards maximum horizontal stress, and requires low
drilling mud weight to maintain the wellbore stabilized. While in the direction of minimum
horizontal stress, breakdown may not occur even with high mud weight, Fig.12-a and b.
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Fig. 12. Plots of mini-mud weight by using Mogi-Coulomb failure criterion: (a) breakout mud weight vs.
orientation, (b) breakdown mud weight vs. orientation.

3.2.4. Single depth sensitivity analysis for Zubair formation

Stereonet plots for depths 4011 m showed the breakouts with inclination (0-45) are the
most save and stable regarding shear failure, even when using low mud weight in directions
of minimum horizontal stress, for inclinations 60 degrees and above, the shear failure occurs
even using high mud weight in both directions of minimum and maximum horizontal stress.
Stereonet plots for breakdown show that tensile failure most likely occurs with an inclination
of 60 degrees and above, towards maximum horizontal stress, and requires low drilling mud
weight to maintain the wellbore stabilized. While in the direction of minimum horizontal stress,
breakdown may not occur even with high mud weight, Fig. 13-a and b.
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Fig. 13. Plots of mini-mud weight by using Mogi-Coulomb failure criterion: (a) breakout mud weight vs.
orientation, (b) breakdown mud weight vs. orientation.

4. Conclusions

To achieve an accurate estimation of rock failure criteria, 1D-MEM constructing is essential
step. an integrated data information is required such as well logs (caliper log, bit size, sonic
log, gamma ray and bulk density), drilling formation data (daily drilling report, final drilling
report, geological report). Depending on far-field stress relation ((cv, oH and oh), we found
that (Mishrif C1,Mishrif C2, Mishrif A, Mishrif B1,Mishrif B2, ,Mishrif C3 ,Mauddud ,Nahr Umr B
;,Ahmadi and Zubair )are normal fault and (Nahr Umr A, Shuaiba, Ratawi and Yamama) are
Strike-slip fault and Rumaila is Reverse fault. Ultimately, it can be choosing the appropriate
and best failure criterion to be used in building a geomechanical model to create drilling pro-
grams. This step is cricial for planned wells and to make real-time revisions to those programs
has proven valuable in successfully drilling the hazardous intervals while reducing the costs
and duration of the planned well delivery. Also, based on the sensitivity analysis. Therefore,
for inclinations 60 degrees and above, shear failure occurs even in both directions of minimum
and maximum horizontal stress, and stereonet plots for breakdown show that tensile failure
most likely occurs with inclination of the well is about 800 and above towards of maximum
horizontal stress.
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