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Abstract

This study aims to address the issue by providing valuable insights into the factors contributing to the wellbore instability and
proposing effective measures to mitigate the problem in the southern part of the Rumaila oil field. A comprehensive one-dimensional
mechanical earth model (1D MEM) was developed by utilizing various logs data from 4 wells across the south part of this field,
including gamma ray, bit size, caliper, bulk density, and sonic compression and shear logs. The model was validated with laboratory
tests, including Brazilin and Triaxial tests, as well as repeated formation tests. To analyze the wellbore stability, three different
failure criteria, namely Mohr-Coulomb, Mogi-Coulomb, and Modified lade, were employed. The results indicated that the Mogi-
Coulomb criterion was the most accurate failure criterion in predicting rock failure. Wellbore instability problems had been observed
across the shale sections throughout the Rumaila oil field, particularly through Tanuma, Khasib, top and bottom of Ahmadi, Nahr
Umr, and Upper Shale members and Middle Shale members of Zubair formations. The 1D MEM results indicated that Shaly
formations exhibited low stiffness rocks (low Young's Modulus (YME)), low rock strength, and high Poisson's ratio (PR), suggesting
potential challenges related to wellbore instability in the Tanuma, top and bottom of Ahmadi, Nahr-Umr, and Zubair formations. A
sensitivity analysis was performed to determine the safest mud weight and the optimum well trajectory for future drilling operations.
According to the updated mud window of this field in 2023, the pressure in the Mishrif and Zubair formations was reinforced by
injection wells, as it was noted that the pressure behavior shifted from depletion (2000 Psi). Based on the findings of this study, the
good inclination of (0-25°) can be drilled with the mud weight of 1.24-1.26 sg, while the good inclination of (25-40°) can be drilled
with the mud weight of 1.28-1.30 sg in all directions (i.e., all azimuths). The stress regime in most of the formations was found to be
a strike-slip to a normal fault regime. The findings of this study can significantly benefit the oil industry and enhance overall
productivity.
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1- Introduction

the stress level at the subsurface, especially at the
wellbore. The increasing need to drill wells with complex
trajectories, such as highly deviated, multilateral, and
horizontal wells, is another reason for these drilling
problems. Additionally, drilling in places with strong
tectonic activity and depleted reserves increases the
difficulty of maintaining the wellbore stability [6, 7]. Fig.
1 shows the lithologic column of the Rumaila oilfield and
the associated downhole problems [8].

Geomechanics is a scientific discipline that explores the
intricate interplay between the geological factors and the
mechanical  properties of rock, [9]. Reservoir
geomechanics is a branch of geoscience in which rock
deformation as a response to changes in stresses can be
studied for further applications related to wellbore

Rumaila oil field is one of the largest oil fields in Iraq,
having been discovered in 1953. It is situated 50
kilometers west of Basra city, in southern Irag, and spans
an area of 1600 kilometers squared (Km?). This area
extends from the Irag-Kuwait border in the south to the
West Qurna oilfield in the north. The 8 1/2" hole section
of this field is normally exposed to instability issues
through drilling operations. This presents the risk of
wellbore instability, which can result in surface
subsidence, damage to subsea equipment or surface
production facilities, and obstruction of production liners,
creating challenges during the completion and production
phases, [1-3]. The stress level in the subsurface has an
impact on a variety of operations during the lifecycle of

an oilfield. Such changes in near-wellbore tensions can
lead to wellbore mechanical instability, [4]. Issues with
instability include tight holes, stuck pipes, lost circulation,
inadequately cleaned holes, and holes with poor cement,
[5]. These problems can be attributed to the alteration of

stability analysis, sand production, fault reactivation, and
hydraulic fracturing. Studying how the rocks behave
under different circumstances and determining the
optimum weight to prevent that may significantly reduce
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stability difficulties by building a mechanical earth model
(MEM). This model predicts the level of stress as well as
rock elastic characteristics and strength parameters. To
build a 1D mechanical earth model, a rock mechanical
analysis can assist in identifying the state of stresses
surrounding the wellbore [10, 11]. The main result of 1D
MEM is construction a safe mud weight and an optimum
wellbore trajectory to minimize or control the rock

failure. The main objective of this is to construct 1D
geomechanical models (using Techlog 2021 software) for
the development of drilling integrity in the Rumaila oil
field, specifically focusing on optimizing mud weight
selection. The analysis focused on an 8 %" hole section
for reservoir characterization and development, utilizing
data from 4 wells across the field, and thus reduce NPT
and drilling expenses in the Rumaila oil field.
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Fig. 1. Stratigraphic Column of the Study Area [12]

e Analysis of the 8 1/2 " Section Breakdown Time

The analysis of productive time versus nonproductive
time (NPT) for the northern and southern parts of the
Rumaila oil field shows that 56% of the total NPT is in
the intermediate section, 41% in the production section,
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and 3% in the surface section. The majority of the NPT in
the intermediate section is because of lost circulation
issues in the Dammam and Hartha formations. In the
production section (i.e., 8 1/2”), the wellbore instability-
related downhole issues accounted for 80% of the total
NPT (41%) including stuck pipe, wireline stuck, tight
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hole, casing, and pipe hung. In contrast, 20% of the total
NPT is associated with other issues. The production
section is primarily composed of different lithologies
including shale, carbonate, and sandstone formations.
2- Methodology

A strength parameter of a rock specimen defines a stress
magnitude at which the specimen fails under a specified
type of stress. The different modes of failure are described
in failure envelopes and occur at different stress states.
For each type of failure, the critical stresses are given.
There are typically three failure modes studied here:
hydrostatic compression, tensional failure, and shear
failure.

In three dimensions the stress state is defined via the
second rank stress tensor T with 9 coefficients (Eq. 1).

Oxx Txy Txz
o= Tyx Uyy Tyz

Txz Tzy Ozz

1)

The stress tensor can be transformed by a change in the
basis of the matrix, which results in the transformed
matrix having non-zero elements only on its diagonal.
The new basis gives us the direction in which no shear
stresses 7 act on a rock and normal stresses o are the only
non-zero elements. The direction and magnitude of these
principal stresses can be obtained by calculating the
eigenvectors and eigenvalues of the original stress tensor

(Eq. 2):

gy 00
o= anyO
0 0 o,

Principal stresses can be denoted by decreasing index

with decreasing magnitude as o1>02>03. In a field case,
the principal stresses are obtained by a rotation of the
stress vector. Further, it is typical that the highest
principal stress is vertical, and the two other stresses are
horizontal [13, 14].
As the strength of a rock can be expressed by one
parameter only for a specific stress state as the strength of
the rock (in the sense defined above) changes with the
stress state. A frequently used representation of a stress
state is Mohr’s circle. It is constructed in the ¢ — T space
and represents a transformation for a plane stress
problem. By choosing an orientation relative to a
principal stress (horizontal axis) we can illustrate the
magnitude of normal and shear stresses acting in a plane
in that direction. The symbol 7 describes the shear stress
projected onto a 2D plane in the 3D stress vector, and the
symbol o represents the normal component on this plane.
When the plane is rotated, we get the Mohr circles in Fig.
2.

Four wells in the south Rumaila oil field were chosen in
this study. The wells were selected based on their
location, input data quality and availability, calibration
data such as drilling and mud log reports, and WBS

@)
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events. The input data from the well logs, including
gamma-ray, caliper and bit size, density, and sound logs,
were first collected. The study involved an audit of the
input data utilized to develop a geomechanical model for
the 8%" section of the Rumaila oil field. Calculating the
shale flag, vertical stress, hydrostatic pressure, pore
pressure, rock mechanical properties, and in-situ stresses
was the second stage in constructing the 1D MEM. The
core test data, which include the Brazil and Triaxial tests
to calibrate the results of rock mechanical properties, the
RFT data to calibrate the results of pore pressure, and the
mini-frac data to calibrate the results of horizontal
stresses, were the data used to ensure the calibration of
1DMEM. Fig. 3 shows the workflow for constructing the
1D MEM which can be then highlighted in the following
steps.

Toy

Fig. 2. Mohr’s Circles for an Anisotropic Three-
Dimensional Stress State [14]

2.1. Vertical stress

Overburden or vertical stress is the term used to
describe the force exerted on a rock at any depth as a
result of the weight of the rock and the fluid inside it. The
determination of overburden stress at any depth based on
density logs is simple (Eq. 3), where Sv is the vertical
stress, p is the bulk density, and Z is the formation depth
or formation thickness. Various methods can be employed
to estimate the bulk density of formation; however, the
extrapolated density approach (Eq. 4) can yield
satisfactory outcomes for vertical stress [15], where p
midline is the density at the seafloor or ground level, and
Ao and o are the fitting parameters.

Sv = fozp (2) gdz (3)
p extrapolated = p mudline + Ao X (TVD — Air gap —
Water Depth)* (4)
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Fig. 3. Workflow of Mechanical Earth Model (1D-MEM)

2.2. Pore Pressure

Formation pressure is an essential parameter in various
aspects of well planning and management, as it plays a
critical role in determining the optimal drilling procedures
[16]. There are two basic types of pore pressure: normal
pressure or hydrostatic pressure, and anomalous pore
pressure or geo-pressure, which exists in locations where
there isn't a direct fluid flow to the neighboring regions.
Two approaches are normally used to determine the geo-
pressure: Eaton and bowers approach [17]. This study
employed the Eaton approach, which was established by
Eaton in 1975. The Eaton method, also known as Eaton's
Geomechanical Stability Criterion, is a widely used
approach to assess the stability of wellbores in
geomechanics. It provides a criterion to evaluate the
likelihood of wellbore failure based on rock strength and
in-situ stresses. The method is particularly useful for
analyzing the stability of deviated or horizontal wellbores.
The Eaton method consists of two main equations (as
defined in Eqgs.5 and 6). This study utilizes acoustic logs
(sonic logs) to determine the pore pressure gradient (Eq.
5) [18-20].

p_S5_

2= 2=y Jc@my@ oy ©)

2=2-[- Py, | Roy/ 2 6)

Where Pp is pore pressure; D is depth; S is the stress
(typically, Sv); and the subscripts n and o refer to the
normal and measured values of resistivity (R) and sonic

delta-t (AT) at each depth. The exponents shown in Egs. 5
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and 6 are typical values that are often changed for
different regions so that the predictions better match pore
pressures inferred from other data.

A drained porous rock under an external load will
compact. The resulting deformation is a product of a
change in pore volume and the change of the volume of
the mineral frame of the rock. Measuring a series of pore
volumes of the rock with increasing load magnitude
allows to express relationship between pore volume and
confining pressure Pc with the compressibility cpc (EQ. 7)
[14]:

10V
Vp 0P

()

Cpc =

Where the equation (Eg. 8) of Zimmerman (1991) can
be used [21]. The first subscript denotes the volume that
is being deformed by a load, i.e. b for the pore volume
and b for bulk volume. The second letter in the subscript
denotes the type of load being imposed on the sample and
causing the volumetric deformation, i.e. b for pore
pressure changes and ¢ confining pressure changes. The
relationship between compressibility is:
Che = Cm + BCpe (8)

where cm is the compressibility of the rock matrix, or in
other words the mineral frame of the rock. The
compressibility of the rock matrix is calculated as a
reciprocal value of rock matrix bulk modulus (Km). The
rock matrix bulk modulus is calculated as a weighted
average of bulk moduli of individual minerals (Ki) with



A. F. Zaidan et al. / Iragi Journal of Chemical and Petroleum Engineering 25, 2 (2024) 17 - 31

the weights (wi) being the percentages of the mineral
content in the rock, calculated by Eq. 9 [14]:

1
— =K = Yiz Kiw

Cm

)
2.3. Rock Mechanical Properties

Young's modulus and Poisson’s ratio are two elastic
properties of rocks, whereas the characteristics of rock
strength are cohesion, unconfined compressive strength,
frictional angle, and tensile strength. These characteristics
play a crucial role in constructing 1D MEM and thus in
determining the optimum mud weight to maintain the
wellbore stable. The mechanical rock features could be
found directly from the laboratory procedure data, which
was then utilized to calibrate the findings of this study
[18, 22].

The dynamic characteristics must be firstly computed
using the density log, shear log, and compression velocity
logs because these static values cannot be obtained
directly from log data. The dynamic shear modulus (G)
and dynamic bulk modulus (K) were calculated using
Egs. 10 and 11, respectively. Dynamic Young’s modulus
and Poisson’s ratio were estimated using Eqs. 12 and 13,
respectively [23].

Gdyn = 13474.45 (MSZ#T)Z (10)
Kdyn = 1347445 (M’o’fnp)z -2 Gdyn (11)
Edyn = % (12)
Vdyn = 3 Kdyn-2 Gdyn (13)

6 Kdyn +2 Gdyn

Where Gdyn is dynamic shear modulus Kdyn dynamic
bulk modulus, Pb is bulk density in gm/cm?® and t shear is
sonic shear velocity while Edyn is dynamic young’s
modulus and Vdyn is dynamic Poisson ratio.

2.4. Horizontal Stress

At depth, the rock is subjected to axial or vertical stress,
which causes it to tend to move horizontally. This
movement has an effect on the two horizontal stresses
(minimum and maximum). In the geomechanical model,
it is vital to know which of these stresses are minimum or
maximum. The minimum horizontal stress (Shmin) can
only be determined via direct techniques, such as the min-
frac test, leak-off test, or hydraulic test. There are various
indirect methods that can be used to compute the
minimum (Shmin) and maximum (SHmax) horizontal
stresses.

The poro-elastic method is the most used model for
determining horizontal stresses. This method uses static
Young’s modulus, Poisson ratio, Biot's constant,
overburden stress, and pore pressure, as illustrated in Egs.
14 and 15. It was created and utilized for the first time by
Plumb in 1991 [18, 24].

v

v E VE
UhZEUv—l_vde‘l'de‘l'mSh +§£H (14)
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v

oy = av—ﬁaPp+aPp+1_E7£H+i (15)

1-v? En

1-v
Where oh and oH are the maximum and minimum
horizontal stress, ov is the vertical stress in psi, Pp is pore
pressure in psi, v is static Poisson ratio, E is the static
Young’s modulus, a is Biot’s coefficient and €¢h and eH
are the minimum and the maximum strain coefficients.
3- Results and Discussion
This section presents the results of 1D MEM for
determining the optimum mud weights. The collapse
volume was also determined. Mud weight along with well
inclination and azimuth was also presented for future well
planning.

3.1. Vertical Stress and Pore Pressure

Fig. 4 shows the results of vertical stress for four wells
from ground level to Zubair formation in the Rumaila oil
field. The current pore pressure/ fracture gradient (PPFG)
window of the Rumaila oil field was used to calibrate the
predicted pore pressure. Table 1 shows the results of the
pore pressure for each formation.

Fig. 5 presents the predicted pore pressure for four wells
within the Rumaila oil field using the Eaton method
(1975), from the Sadi to the Zubair formations. Modular
Formation Dynamic Tester or MDT data (blue points) that
were taken in (2011-2016) were also added in Fig. 5 for a
comparison with the current PPFG model. It is found that
the pressure in the Mishrif and Zubair formations was
reinforced by injection wells, as it is noted that the
pressure behavior is shifted or deviated from depletion.

3.2. Rock Elastic Properties

The outcomes of the mechanical earth model for the
Rumelia oil field are shown in Fig. 6. The results are
synthesized well log that derived the elastic and strength
rock properties for the 8%’ section of the Rumaila oil
field. The results showed a huge variance in the rock's
mechanical properties with the burial depth. The results
have been further calibrated with rock mechanical core
test results (YME-Core) and (PR-Core). The results
revealed that there is a good match between the calculated
and the actual Static Young’s Modulus and Static
Poisson’s ratio through the wells for the same part of the
Rumaila oil field. These properties are essential
parameters for geomechanical applications including
wellbore stability analysis, hydraulic fracturing, reservoir
subsidence, and compaction as well as sand production.

3.3. Rock Strength Properties

Fig. 7 presents the results of Unconfined compressive
strength (UCS), Tensile strength (TSTR), and Internal
Friction angle (FANG) for four wells from the Sadi
formation to the Zubair formation in the South of Rumaila
oil field, calibrated with rock mechanical core tests, where
we notice that there is a great agreement in the behavior
of the determined rock strength properties through the
wells for the same part of the field.
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Fig. 4. Results of Overburden Stress (Ru-A, Ru-B, Ru-C, and Ru-D Respectively)
Table 1. The Predicted Pore Pressure Values for each Formation
NO. Formation Pore Pressure Range (Psi)
1 Sadi 2809- 3072
2 Tanuma 3365- 3510
3 Khasib 3410- 3582
4 Khasib Shale 3454- 3620
5 Mishrif 2540- 3753
6 Rumaila 3744- 3921
7 Ahmedi 3903- 4065
8 Mauddud 4102- 4283
9 Nahr Umr 4103- 4263
10 Shuaiba 4705 - 4854
11 Upper Shale 2392- 2964
12 Main Pay 3043 - 4289
13 Middle Shale 3832 - 4368
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Fig. 5. Pore Pressure in Four Wells of South Rumaila (Ru-A, Ru-B, Ru-C, and Ru-D Respectively)
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3.4. In-situ Principal Horizontal Stresses

The magnitudes of the horizontal stresses were
calculated by using the Poro-elastic equations (Egs. 14
and 15) as presented in Fig. 8. The magnitude of the
minimum horizontal stress is then calibrated with the
fracture pressure profile of PPFG model for each

Fig. 7. Rock Strehgth Properties in Four Wells of South Rumaila (Ru-A, Ru-B, Ru-C, and Ru-D Respectively)
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formation, which can help to constrain the lower limit for
this model. In contrast, SHmax cannot be measured
directly, it can be inverted using 3-shear Poro-elastic
moduli, and even fracture using the Kirsch solution. Table
2 along with Fig. 8 summarizes the results of two
horizontal stresses, vertical stress, as well as the fault
regime results of section 8.5". The stress regime in the



A. F. Zaidan et al. / Iragi Journal of Chemical and Petroleum Engineering 25, 2 (2024) 17 - 31

majority of the formations was found to be the strike-slip
to Normal fault regime, (SH > SV > Sh) and (SV > SH >
Sh). The normal faulting regime was detected in the
shaley and Sand formations that are represented in
Tanuma and at the top and bottom of Ahmedi shale

formations, Nhr Umr, and Zubair formations, while the
strike-slip fault regime is observed against compacted
formations such as Sadi, Khasib, and Mishrif carbonate
formations.

Table 2. Faults Regime for Section 8.5" in Rumelia Oil Field

Formation Avg. SHmax (Psi)  Avg. Shmin (Psi) Avg. Sv (Psi) Fault Regime
Sadi 6550 4750 6200 Strike Slip
Tanuma 5700 5240 7000 Normal
Khasib 7980 5370 7250 Strike Slip
Khasib-Shale 5700 5450 7350 Normal
Mishrif 9500 5650 7700 Strike Slip
Rumaila 10050 5810 7800 Strike Slip
Ahmedi-Top 6500 6010 7900 Normal
Ahmedi-Middle 8650 6200 8100 Strike Slip
Ahmedi-Bottom 7200 6350 8350 Normal
Mauddud 10200 6500 8750 Strike Slip
Nahr Umr 8400 6900 8950 Normal
Shuaiba 12000 7400 9700 Strike Slip
Top of USM 14100 6500 9800 Strike Slip
Middle & Bottom of USM 8000 6800 10250 Normal
Main Pay 9200 7000 10550 Normal
Middle Shale 12200 6950 10800 Strike Slip
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Fig. 8. Principal Stresses with MDT Data in Four Wells of South Rumaila (Ru-A, Ru-B, Ru-C, and Ru-D Respectively)

3.5. Wellbore Instability Analysis

It is important to utilize the failure criteria to determine
the stress concentration around the wellbore to determine
the threshold of the required mud weights to maintain the
wellbore from either breakout or breakdown. In other
words, by identifying the induced stress values, a safe
drilling mud weight window, and a potential borehole
failure can be determined based on the used mud weight
and the applied failure criteria. Mohr coulomb, Mogi

24

coulomb, and Modified Lade failure criteria were utilized
to predict the rock failure along the production section.
The Mohr-coulomb criteria showed an overestimation
failure compared to the actual rock failure. On the other
hand, the predicted failure by Modified Lade was less
than the actual failure. The results of this study revealed
that the Mogi-Coulomb failure criterion is highly
compatible with the wellbore failure observations. As a
result, this criterion has been selected to be used in the
study. Four wells located in the southern part of the
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Rumaila oil field have been chosen to be analyzed, along
with their corresponding drilling events. The findings
from this study will provide valuable insights for future
well drilling operations.

Fig. 9 presents the rock failure of one well in Rumaila
oil field in the following tracks based on Mogi approach
that was also accompanying with the formation
lithologies.

e Track 1 shows the formations of the
production section (8 72”).

» Track 2 represents the mud weight window with the
minimum horizontal stress indicated by the light blue
color on the right side and the breakdown pressure
gradient, lost circulation, and breakdown failure indicated
by the dark blue color. Exceeding either or both of these
limits can lead to potential drilling issues including tensile
rock fracturing or lost circulation problems. On the left
side, the grey color detects the mud weight limit that
represents the kick, and the yellow color detects the mud
weight limits that reveal the shear failure (breakout). Kick
or shear failure may occur when the actual mud weight is
lower than either or both of the limits mentioned earlier.

interested

To ensure a stable wellbore, the safe operating mud
weight should be designed to be within the middle area
(clean zone) of the mud weight window.

» Track 3 shows the borehole caliper log as the actual
failure calibration, the red zone indicates an oversize hole
(washout or breakout), and the yellow zone indicates the
under-gauge hole. The line separating the zones is the bit
size which is 8 %4” in this study.

» Track 4 displays the formation lithologies.

Actual failure calibration is employed to assess the
validity of the applied failure criterion with the
geomechanical model. These tracks indicated a good
agreement between the predicted borehole failures with
the wellbore calipers and actual drilling events which are
recovered from daily drilling reports and final good
reports. The drilling events are marked in tracks#2 and 3
at corresponding depths. For this well and other three
wells, the wellbore instability problems had been
observed across shale sections throughout the Rumaila oil
field, particularly through Tanuma, top and bottom of
Ahmadi, Nahr Umr, and Upper and Middle Shale
members of the Zubair formation.
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Fig. 9. Wellbore Analysis using Mogi Approach for Well Ru-379 in South Rumelia Oil Field
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3.6. Borehole Collapse Volume Analysis

The caliper logs of 20 wells (10 wells of the Northern
and 10 wells of the Southern of the Rumaila oil field)
have been used to calculate the collapse volume from the
top of the Sadi formation to the bottom of the Zubair
formation. Fig. 10 shows the total collapse volume of
these 20 wells; however, the thickness for each formation
may be different, resulting a difficulty in comparing the
collapse volumes of formations. To overcome this
challenge, the collapse severity considering the formation
thickness will be quantified by calculating the average
collapse volume per 30m interval of each formation as
presented in Fig. 11. The results of Fig. 10 showed that
the volume of collapse in the shale sections (Tanuma,
Khasib Shale, Ahmadi, Nahr Umr, and Zubair units) is
similar between the wells drilled in the northern and
southern parts of the field in each formation. Additionally,
the limestone and sandstone formations in Rumaila are
deemed to be sufficiently competent and are unlikely to
contribute to premature wellbore collapse (Fig. 10 and
Fig. 11), indicating that the rock characteristics and
stresses are homogeneous, which confirms the possibility
of using one mud weight window for the whole field. In
contrast, limestone and sandstone formations in the
Rumaila oil field, such as Sadi, Khasib, and Mishrif
formations, are competent enough and it would not
contribute to the premature wellbore collapse. The results
of Fig. 11 also indicated that the Tanuma shaly formation
has a relatively high average volume of collapse when

compared to other shaly formations including Ahmadi
and the upper shale of Zubair formation.

3.7. Sensitivity Analysis

A single-depth sensitivity analysis was conducted on the
Tanuma Shale formation at critical depths where failure
had occurred (at 2160 m depth) when the actual mud
weight was used. This analysis revealed that shear failure
occurred at the actual mud weight where the Tanuma
formation has the lowest value of unconfined compressive
strength of 2538 psi. Fig. 12 illustrates that a caliper size
was 9.7" against the Tanuma failure interval.

The stereonet and line plots for Tanuma formation are
visualized in Fig. 13 and Fig. 14, respectively. Fig. 13 a
displays the minimum mud weight required to prevent the
rocks from breaking out as a function of well azimuth and
orientation. The plot indicates that the low deviation wells
with an inclination of (0-40°) are stable in all directions.
When the well inclination is increased to be (45-90°), the
shear failure is expected to be occurred in both the
minimum and maximum horizontal stresses directions.
The maximum mud weight that required to prevent the
formation from breakdown as a function of azimuth and
deviation is also illustrated in Fig. 13 b. In terms of the
tensile rock failure, a stereonet plot analysis revealed that
wells inclined between 0-40° demonstrate greater
stability, but the formation breakdown occurs more
frequently in wells with inclinations greater than 60°.
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In Fig. 14, a line plot displays the mud weight window
as a function of deviation ranging from 0-90°. The
boundary line that separates the white and yellow regions
represents the minimum mud weight required to prevent
the rock breakout. Meanwhile, the boundary line between
the blue and white regions represents the maximum mud
weight that can be applied before the tensile rock
fracturing. It is evident from the plot that the mud weight
window narrows for inclinations greater than 25°. For
wells with inclinations between 0-25°, mud weights range
from 1.24-1.26 sg, while they are 1.28-1.30 sg for
inclinations between 25-40°.

Mud weight window vs Deviation @ 2160.12 m
160.976 deg azimuth

1.5

Equivalent Mud Weight (sg)

0 10 20 30 60 70 80 90

Deviation (de59)
Fig. 14. Line Plot Sensitivity Analysis at a Depth of 2160
m for Tanuma Formation

3.8. Mud Weight Recommendations

Mud weight recommendations for drilling the
formations from Sadi to Zubair (Vertical, S-shaped, and J-
shaped wells) are outlined in Table 3 through Table 5.
The conventional Zubair reservoir wells can be reached

by using three casing strings at maximum inclination at
40° through from Sadi to Zubair formations. For drilling
the horizontal wells, in contrast, higher mud weights are
required to maintain the wellbore stable; therefore, four
casing strings will be applied.

Table 3 summarizes the mud weights for vertical to
moderately inclined wells with inclination angles up to
25° and in any azimuth. Furthermore, Table 4 summarizes
the mud weights for wells with higher inclinations up to
40° through the Zubair formation and in any azimuth. For
higher inclinations, the required MW is strongly
dependent on the well azimuth. Table 5 provides mud
weights recommended for a range of azimuths with an
inclination higher than 40°. The results indicated that a
significantly higher mud weight is required when drilling
in the direction of Shmin. Therefore, the optimum
orientation for reaching the Zubair reservoir is in the
direction of SHmax with an azimuth range of 355° - 85°
in North to Northeast direction and 175° - 265° in South
to Southwest direction.

Table 3. Recommended Mud Weight for Well Inclination
between (0-25 deg)

Required MW range Formations

(s9)

1.24-1.26 Tanuma, Khasib, Mishrif & Rumaila
1.24-1.27 Ahmadi, Mauddud, Nahr Umr & Shuaiba
1.26-1.30 Zubair

Table 4. Recommended Mud Weight for Well Inclination
between (24-45 deq)

Required MW range Formations

(s9)

1.28-1.30 Tanuma, Khasib, Mishrif & Rumaila
1.28-1.32 Ahmadi, Mauddud, Nahr Umr & Shuaiba
1.30-1.33 Zubair

Table 5. Recommended Mud Weight Range for Wells Drilled at Angles Greater than 40° in Zubair Formation

Well Azimuth Range Required MW (sg)

Recommendations

N355°- N30° 1.33-1.35 Highest MW is required for most northerly directed azimuths and decreases eastwards.
N30° - N60° 132133 MW range consistent across azimuth range,
consider use of higher value towards edges.
N60° - N85° 1.33-1.35 Lowest MW iis required for smallest azimuths in range and increases eastwards.
NB5° - N175° 1.35_1.38 Highest MW is required for most southerly directed azimuths and decreases
westwards.
N175° - N210° 133135 MW range consistent across aZ|m_uth range,
consider use of higher value for higher inclination.
N210° - N240° 1.32-1.33 Lowest MW is required for smallest azimuths in range and increases northwards
N240° - N265° 1.33-1.35 Lowest MW is required for smallest azimuths in range and increases northwards
N265° - N355° 1.35_1.38 Highest MW s required for azimuths between N120°-N150° and decreases towards

edges of range

4-  Conclusions

The key findings from this study can be summarized in
the following points:
Based on the results of mechanical rock property
analysis, formations including Tanuma, Ahmadi,
Nahr-Umr, and Zubair exhibited a decrease in both
Young's modulus and rock strength, along with an
increase in Poisson's ratio, indicating a higher
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susceptibility to potential issues with wellbore
stability.

Based on the Modular Formation Dynamic Tester
(MDT) data, it was found that the pressure in Mishrif
and Zubair formations was reinforced by injection
wells, and it was noted that the pressure behavior

shifted or deviated from the depletion of 2000 Psi.
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The stress regime in the majority of the formations
was found to be the strike-slip to Normal fault
regime, (SH > SV > Sh) and (SV > SH > Sh).

The wellbore instability problems had been observed
across shale sections throughout the Rumaila Oil
field, particularly through Tanuma, top and bottom of
Ahmadi, Nahr Umr, and Upper and Middle Shale
members of Zubair formation.

The results showed that the collapse volume in shale
sections (Tanuma, Khasib Shale, Ahmadi, Nahr Umr,
and Zubair units) are almost convergent between the
wells drilled in the northern and southern parts of the
field in each formation, indicating that the rock
characteristics and stresses are homogeneous.

The limestone and sandstone formations in the
Rumaila oil field are considered competent enough
and are not likely to contribute to premature collapse
of the wellbore.

The wells with a low deviation of (0-40°) are
consistently stable in all directions. Shear failure is
anticipated when the inclination ranges from (45-90°)
in both directions of the minimum and maximum
horizontal stresses.

With respect to the rock breakdown failure, the wells
with inclinations of (0-40°) are more resistant to
tensile failure, and the likelihood of a breakdown is
expectedly higher when the inclination is more than
60°.

The well with inclinations of (0-25°) can be drilled
with the mud weight of 1.24-1.26 sg, while the wells
with inclinations of (25-40°) can be drilled with the
mud weight of 1.28-1.30 sg. in all directions for
Tanuma formation.

The preferred orientation of drilling is the direction
of SHmax with an azimuth range of 355° - 85° in
North to Northeast direction and 175° - 265° in South
to Southwest direction.

In deviated sections of the wellbore, there is an
increase in the risk of chemical instability-related
problems due to the potential for longer intervals and
longer periods of exposure through reactive shale
formations.
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