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Abstract 

The Zubair oil field is predominantly plagued by geomechanical issues, 

which can result in significant non-productive time. The aim of this 

study is to present a reservoir model and a geomechanical model 

utilizing the finite element method. The intriguing data consisting of 

logs, calibration data, drilling reports, and mud reports were utilized to 

construct one-dimensional models (1D) for each well using Techlog 

2015 software. Furthermore, the 3D geomechanical model was built 

utilizing Petrel 2017 software, while the finite element technique was 

implemented using the CMG 2018 program to predict the total stress 

states during production or injection operations in the field over a span 

of 10 years.The analysis results of all mechanical rock properties in the 

3D geomechanical model revealed that Shuaiba and Al-Hammar domes 

were insufficient for maintaining stable wells, particularly in the 

Tanuma formation. However, the Mishrif formation displayed higher 

stability despite production. Furthermore, the 3D finite element model 

exhibited that the total horizontal stress decreased during production and 

increased in injection wells. This variation would result in an increase in 

the effective horizontal stress during production and a decrease in 

injection wells. Moreover, the effective vertical stress increased during 

production and decreased during injection wells. Based on these 

outcomes, it can be concluded that production could trigger an increase 

in the differential stress leading to rock shear failure, whereas in 

injection cases, pore pressure increased, and this caused tensile failure. 

  
DOI: http://doi.org/10.55699/ijogr.2023.0301.1036, Oil and Gas Engineering Department, University of Technology-Iraq 
This is an open access article under the CC BY 4.0 license http://creativecommons.org/licenses/by/4.0   

1. Introduction 

The geomechanical study is a field of science that focuses on the collection and analysis of data related to the 

geological and mechanical properties of rocks. This involves examining how rocks may deform or fail as a result 

of production or injection processes [1]. One of the major challenges in geomechanics is wellbore instability during 

drilling operations, which can result in significant non-production time (NPT) and financial losses, [2]. 
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The non-productive time (NPT) was the major problem that can have happened from wellbore instability will be 

caused high costs during the drilling operation. To minimize this cost it’s necessary to understand and calculate 

the stresses that caused the wellbore instability. Any change in the stresses about the wellbore will be caused 

instability and trouble [3]. The change in the formation pressure during the production or injection leads to a 

change in two important stresses (total and effective) which can cause different geomechanical troubles [4]. 

Geomechanical troubles can be subsidence problems which may be like porous compaction, pipe harm, well casing 

smash, and tensile or failure of the borehole [5]. Shear failure (break out) Means the collapse of the well wall due 

to insufficient drilling fluids that support the wall and thus makes the stresses around the wall exceed the pressure 

obtained through the drilling process. Tensile failure (break down) means that the pressure caused by drilling mud 

is much higher than the pore pressure or stress around the wellbore which can lead to formation fracture and mud 

losses [6]. 

 The determination of stress distribution requires the utilization of various models. Firstly, a 1D mechanical earth 

model, which includes pore pressure calculations, rock mechanical properties, and initial in-situ stresses, is used 

to understand the state of stresses surrounding the wellbore [7]. Secondly, a 3D geological model is utilized to 

distribute rock mechanical properties and pore pressure for the entire field. Lastly, a 3D finite element model is 

used to calculate the stress distribution during pore pressure changes. This research incorporates a coupling of the 

reservoir and geomechanical models to predict the state of stress during production or injection for a certain period. 

       1.1. Area of Study 

The Zubair oil field, situated approximately 20 kilometers southwest of Basra as depicted in Figure-2, is one of 

the largest oil fields in Iraq. Its discovery dates back to 1949, with construction commencing in 1951. According 

to Iraq's tectonic zones, the Zubair oil field lies in the sagging pelvis of the Mesopotamian zone, which forms part 

of the Arabian plate's quasi-platform foreland, [8]. The Euphrates subzone, Tigris subzone, and Zubair subzone 

are the three subzones of the Mesopotamian zone. The study region is located within the Zubair subzone, which 

was given the designation Basrah zone in 1979 by an Iraqi-Soviet team. The Alpine orogenic motions (basement 

faults and salt formations) make the Zubair subzone unstable. These elements are to blame for the formation of 

subsurface anticline structures in Iraq's southern regions [9]. 

 

The geological stratigraphic column of the Zubair oil field, as shown in Figure-1, is characterized by a thick 

succession of Cretaceous carbonates that contain substantial amounts of hydrocarbon accumulations. The Zubair 

and Rumaila oil fields, in general, and the Mishrif and Zubair formations, in particular, are the most significant 

producers of hydrocarbons in the Iraqi field. The Mishrif and Zubair formations originate from the Chiagara in the 

upper Jurassic and Sargelu in the middle Jurassic, which serve as the parent rocks, [10]. 
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Figure 1: The geological structure of the Zubair oil field, [11]. 
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Figure 2: The Mesopotamian Basin's geology of Zubair Field with a map of the locations of the investigated 

wells, [12,13,14].  
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2. Methodology  

 The creation of a geomechanical model presents a common challenge in the form of requiring a diverse range of 

data sources [15]. For the north portion of the Zubair oil field, data was collected from various production wells 

(ZA-2, ZA-3, and ZA-44) and injection wells (ZA-24 and ZA-36) that cover two domes - Shuaiba and Al-Hamar. 

Due to drilling complexities, such as wellbore instability and drilling mud loss, Section 12.25 was selected for 

drilling the wells. This section allowed for the penetration of six layers: Sadi, Tanuma, Khasib, Mishrif, Rumulla, 

and Ahmadi. 

The available data consisted of mini-frac, core test, and various logs, including gamma-ray, caliper, bit size, 

density, and sound logs (shear and compression). The rock mechanical properties were calibrated through Brazilin 

and triaxial tests. In addition, pore pressure results were calibrated using formation pressure point data. Horizontal 

stress results were matched using fracture tests. 

      2.1. 1D Model 

The 1D model, illustrated in Figure-3, comprises various elements such as vertical stress, mechanical shale flag, 

formation pressure, elastic and strength rock properties. Based on the available data, the model then calculates the 

horizontal stresses. The vertical stress, also known as overburden stress, is determined using "Equation (1)," where 

in the density log readily provides the overburden stress, [16]. Several approaches can be used to determine bulk 

density, but the extrapolated density approach provides the most accurate results. By correcting any existing 

grammar errors, we ensure the accuracy of our findings, [17]. 

𝑆𝑣 = ∫ 𝑝 (𝑧)  𝑔 𝑑𝑧
𝑧

0
                                                                                                                                   (1) 

Where Sv is vertical stress, ρ is the bulk density and z was total depth. 

 

Figure 3: Workflow for 1D model. 
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Unlike other procedures, the bowers method was used to calculate pore pressure, as stated in “Eq. (2)”, which was 

reliant on the pressure generated by both the compaction and fluid expansion mechanisms [18]. Bowers' approach 

yields significantly superior forecast results compared to the Eaton's technique, [19]. 

PE = PO - ∝.PP                                                                                                                                             (2)                                                                                                                   

Where: PE is the effective stress, PO is the overburden pressure, PP is pore pressure, and α is the effective stress 

coefficient which is less than 1. 

Young's modulus and Poisson ratio are elastic rock properties, whereas rock strength properties are cohesion, 

unconfined compressive strength, frictional angle, and tensile strength. Because static characteristics can't be 

derived directly from log data, dynamic properties should first be determined using density, shear, and 

compression velocity logs. Dynamic shear modulus (G) and dynamic bulk modulus (K) were calculated using 

“Equation. (3)” and “Equation. (4)”, respectively, while dynamic young's modulus and Poisson ratio were 

calculated using “Equation. (5)” and “Equation. (6)” [20]. 

𝐺𝑑𝑦𝑛 = 13474.45 
𝜌𝑏

(∆𝑡 𝑠ℎ𝑒𝑎𝑟)2                                                                                                                       (3) 

𝐾𝑑𝑦𝑛 = 13474.45 
𝜌𝑏

(∆𝑡 𝑠ℎ𝑒𝑎𝑟)2 −
4

3
 𝐺𝑑𝑦𝑛                                                                                                     (4) 

𝐸𝑑𝑦𝑛 =
9 𝐺𝑑𝑦𝑛×𝐾𝑑𝑦𝑛

𝐺𝑑𝑦𝑛 + 3 𝐾𝑑𝑦𝑛
                                                                                                                                    (5) 

𝑉𝑑𝑦𝑛 =
3 𝐾𝑑𝑦𝑛−2 𝐺𝑑𝑦𝑛

6 𝐾𝑑𝑦𝑛 +2 𝐺𝑑𝑦𝑛
                                                                                                                                  (6) 

Where Gdyn is dynamic shear modulus Kdyn dynamic bulk modulus, ρb is bulk density in gm/cm3 and t shear is 

sonic shear velocity while Edyn is dynamic young’s modulus and Vdyn is dynamic Poisson ratio. 

 

     2.2. 3D Geomechanical Model 

Using the petrel 2017 software, a three-dimensional model 3D was created in this part. Petrel software was used 

to create a 3D geological model for six formations, including the Sadi, Tanuma, Khasib, Mishrif, Rumaila, and 

Ahmadi formations, as indicated above. The first data required for this model was wellhead and well tops, which 

contained all wells and layer information. The second data was a contour map or a structural contour map, which 

contained contour elevation, and the final data was well logs. These data are the main results of a 1D mechanical 

earth model, which contains rock mechanical properties such as Poisson ratio, internal frictional angle, Young's 

modulus, unconfined compressive strength, tensile strength, and pore pressurization. The workflow chart in 

Figure-4 below depicts all the steps involved in creating a 3D geomechanical model. 
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Figure 4: Workflow diagram for a 3D model. 

 

      2.3.  3D Finite Element Model 

The finite element analysis was performed using the computer modeling company (CMG) 2018 software to 

distribute and measure the bottom stresses in all directions as indicated in “Eq. (7)”, “Eq. (8)” and “Eq. (9)”. 

Typically, reservoir models (injection or production) do not account for changes in reservoir stress, so it is 

necessary to couple these two models. The IMEX simulator was one of three simulators that the company 

demonstrated for the black oil model, and it was able to couple the geomechanical model and the fluid model. The 

CMG program uses the findings of a 3D geological model created with Petrel software as input data, which 

includes rock mechanical characteristics and pore pressure after distribution in each grid.  

𝜎𝑥 =
𝐸

(1+𝑉)(1−2𝑉)
[𝜀𝑥(1 − 𝑉) + 𝑉𝜀𝑦 + 𝑉𝜀𝑧]                                                                                                  (7) 

𝜎𝑦 =
𝐸

(1+𝑉)(1−2𝑉)
[𝑉𝜀𝑥 + (1 − 𝑉)𝜀𝑦 + 𝜀𝑧]                                                                                                     (8) 

𝜎𝑧 =
𝐸

(1+𝑉)(1−2𝑉)
[𝜀𝑥 + 𝜀𝑦 + (1 − 2𝑉)𝜀𝑧]                                                                                                      (9) 

Where σx, σy, and σz are normal stress, E is young’s modulus, v is a Poisson ratio, and εx, εy, and εz are the 

normal strain. 
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3. Results and Discussion 

      3.1. Mechanical Earth Model 

The findings of the one-dimensional mechanical earth model are depicted in Figure 5. The vertical stress was 

determined by employing the extrapolation method in the second track. Furthermore, the results of the pore 

pressure testing are also presented in the second track. 

The static Young's modulus in the third track, evaluated using Modified Morales correlation (YME-STA-MMC), 

was dependent on total porosity and dynamic Young's modulus, as seen in the preceding tracks [20]. In the fourth 

track, the static Poisson ratio was frequently calculated using the dynamic Poisson ratio, which is prevalent in rock 

characteristics [21]. Unconfined compressive strength (UCS-YME) is predicted using static Young's modulus 

correlation in the fifth track, then tensile stress is calculated using UCS results in the sixth track, and the frictional 

angle is calculated using log tools (neutron, density, and gamma-ray) in the seventh track,  

The first track also contains the horizontal stress (max and min) with vertical stress, normally the direction of max 

horizontal stress in vertical wells is perpendicular to the direction of min horizontal stress [22]. The min horizontal 

stress shows a good match with min-frac points data. From the stresses results were shown in this track and 

depending on Anderson (1951) classifies the faults regime for section 12.25” in Zubair field can prediction. 

Calibration data is shown in black circles, as well as checks to ensure that the estimated mechanical parameters 

are valid. All of the mechanical properties are in good agreement with the calibration points. Pore pressure matched 

the formation pressure positions in the black circles pretty well. Due to the availability of our data, the results of 

making 1D for five wells are satisfactory. 

 

       3.2. 3D Geomechanical Results 

       3.2.1. Frictional Angle (FANG) 

The frictional angle, which refers to soil quality and rock hardness [23], was the first property distribution. The 

results for Tanuma and Mishrif formations were shown in Figure-6. As can be observed, the frictional angle has a 

minimum value in the Tanuma formation and a maximum value in the Mishrif formation. Tanuma is said to be 

less stable than Mishrif. The best values were found in the Rumilla, Khasib, Ahmadi, and Sadi formations, with 

about 70% of the data having a high angle, which is favorable for borehole stability, according to the histogram 

data for this feature in all formations 

 

     3.2.2. Unconfined Compressive Strength 

The Tanuma and Mishrif formations are shown in Figure-7. In this graph, nearly 84 percent of the UCS data 

distribution was between 500 and 4000 psi, which are low values that can cause wellbore instability. The Shuaiba 

and Al-Hammar domes were the focus of these minimal values. According to results, around 40% of the data had 

minimum values, while 60% of the data was considerably better. The finest UCS property distribution values were 

in Mishrif at around 80%, although there were the lowest values from the data between 4000 and 9000 psi. 

 

 

     3.2.3. Poisson ratio (σ) 

In the geomechanical model, the values of the Poisson ratio are essential. It refers to the rock deformation that 

occurs during the drilling process. The 3D distribution of the Poisson ratio was shown in Figure-8, whereas Figure-

9 was the outcome of this feature in the Tanuma and Mishrif formations. In the Tanuma formation, high values of 

Poisson ratio focus in the Shuaiba and Al-Hammar domes accounted for around 65 percent of the data, which is 

not ideal for wellbore stability. From the data, Mishrif formations provided the lowest Poisson ratio values of 

around 90%, which is usually the optimum for wellbore stability. 
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Figure 5: 1D mechanical earth model for ZA-24 well in Zubair oil field 
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(a)                                                                   (b) 

Figure 6: Frictional angle distribution map for; (a) Mishrif formation and (b) Tanuma formation. 

 

(a)                                                              (b) 

Figure 7: Unconfined Compressive Strength distribution map for; (a) Mishrif formation and (b) Tanuma 

formation. 
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Figure 8: 3D distribution map for Poisson ratio. 

 

(a)                                                           (b) 

Figure 9: Poisson ratio distribution map for; (a) Mishrif formation and (b) Tanuma formation. 
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     3.2.4 Young’s Modulus (E)  

Young’s modulus was another essential property in mechanical rock properties. The stiff rock that was desired for 

the wells' stability was referred to by high values of this attribute. The distribution results for Tanuma and Mishrif 

formations are shown in Figure-10. About 75% of the data in the Tanuma formation was very low, between 0.2 

and 0.4 Mpsi, which is mean elastic rock, which is not ideal for well stability. The Mishrif formation had the best 

and highest values of Young's modulus, indicat ing that it is the most stable. 

 

(a)                                                         (b) 

 

Figure 10: Young’s modulus distribution map for; (a) Mshrif formation and (b) Tanuma formation. 

 

 

      3.2.5 Tensile Strength (TSTR) 

The tensile strength is the maximum load that a rock can withstand without cracking [24], and high values of this 

attribute are desirable for well stability. Figure-11 shows the 3D distribution of the TSTR property, while Figure-

12 presents the results of this property for the Tanuma and Mishrif formations. The data indicate that the Tanuma 

formation is weak and prone to fracture when the tensile strength exceeds 400 psi, as over 75% of the data between 

0 and 400 psi were observed in this formation. In contrast, Mishrif exhibited approximately 86% of the data 

between 600 and 2800 psi, which is excellent. Moreover, the Al-Hammar dome of Mishrif demonstrated 11% of 

the data between 200 and 600 psi, which is a positive finding. 
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Figure 11: Tensile strength 3D distribution map. 

 

 

 
(a)                                                                    (b) 

Figure 12: Tensile strength distribution map for; (a) Mishrif formation and (b) Tanuma formation. 
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      3.2.6 Pore Pressure (PP) 

One of the basic parameters in the geomechanical model is pore pressure. Pore pressure refers to the pressure of 

fluid inside the rock area [25]. At shallow depths of 2000 m, pore pressure balances with hydrostatic pressure, but 

below this depth, overpressure occurs. Pore pressure rises quicker with depth, reaching overburden stress values 

[26]. The distribution map for Mishrif and Tanuma formations are shown in Figure-13. The highest PP values 

were found in the Rumilla and Ahmadi formations. To drill safely and economically, the optimal mud weight 

pressure should be set to control pore pressure. 

 

(a)                                                                   (b) 

Figure -13 Pore pressure distribution map for; (a) Mishrif formation and (b) Tanuma formation. 

3.3. Finite Element Results 

In the Zubair oil field, production and injection wells began operating in the Mishrif formation in 2014. For the 

development and management fields, a 10 years’ period was suggested, from 2022 to 2032. The production rate 

is around 3000 bbl/day, with injection water at 4500 bbl/day. The results reported in Figure.14 below demonstrate 

that total horizontal stress decreased by about 40 psi in the Shuaiba dome and increased by about 5 psi in the Al-

Hammar dome throughout production. The vertical stress still constant during production and injection, indicating 

compaction and deformation in the reservoir formation. The pore pressure was decreased as a result of the 

production. 

The findings revealed that while the total horizontal stress decreased during depletion, the effective horizontal 

stress increased slowly due to a reduction in total horizontal stress as formation pressure was depleted. This could 

result in a rise in differential stress, which could lead to rock shear failure. When the pore pressure increased as a 

result of the injection, the tensile failure occurred due to a decrease in the differential stress, [27]. 
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Figure 14: Horizontal stress distribution map after 10 years. 

 

Figure 15: vertical stress distribution map after 10 years. 
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4. Conclusion  

 

The following conclusions may be made based on the findings from the previous section:  

 

Over the past four decades, the geomechanical model has played a crucial role in the oil industry. Looking ahead, 

finite element analysis is poised to become the industry's go-to approach. Geomechanical factors, such as rock 

deformation, fracturing, wellbore stability, compaction, and subsidence, all contribute to the complexity of stress 

changes during production and injection operations. Typically, reservoir models don't take into account changes 

in reservoir stresses, which highlights the need for coupling between geomechanical and reservoir models. In a 

recent 1D study, the calculated horizontal stress enabled us to identify fault regimes, while the calibration data and 

static mechanical rock properties exhibited a high degree of agreement. 

According to the 3D distribution of all mechanical parameters, the Tanuma formation is notably weak, and the 

weak data are concentrated in the Shuaiba and Al-Hammar domes. The 3D geological model is a useful tool for 

drilling engineers to determine the optimal location for drilling, with safe mud and a stable wellbore. The 3D 

distribution shows that the pore pressure is accurately proportional to depth, and there is a depletion in the Mishrif 

formation, which is a production zone. 

A 3D finite element model indicates that as formation pressure depletes, total horizontal stress decreases, causing 

an increase in effective vertical and horizontal stress, which may trigger rock shear failure. Moreover, injection of 

water may result in tensile failure due to a decrease in differential stress. Redesigning wells and monitoring 

changes in rock geomechanics using a 3D finite element model could be a valuable suggestion for future 

development in the Zubair oil field. 
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