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Abstract: Shale formations usually develop in layers, forming multiple layers in the 

longitudinal direction, resulting in differences in in-situ stress and rock mechanics 

parameters between layers. This interlayer difference may increase the possibility of 

wellbore instability during shale formation drilling. For the problem of wellbore stability 

and crack initiation, the first condition for conducting research is to accurately calculate 

the wellbore stress distribution. Firstly, this paper investigates several possible 

geometric relationships between wellbore and formation, and chooses Model-1 and 

Model-2 as the main research objects in this paper. Secondly, based on the assumption 

of the model, the size of the model is reasonably set up. Combined with the actual field 

data, the finite element numerical model is established for the influence of interlayer 

differences on the stress distribution of horizontal wellbore in shale formation, and the 

accuracy of the model is verified. Finally, by changing different parameters, the stress 

distribution of wellbore under different conditions is analyzed, and it is found that: The 

wellbore stress is significantly affected by the interlayer stress difference. The greater 

the interlayer stress difference, the more obvious the stress concentration of the 

borehole wall, and the more unfavorable the stability of the borehole wall. The wellbore 

stress is significantly affected by the interlayer mechanical parameters difference, the 

wellbore stress will be distributed asymmetrically along the wellbore, which is also 
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unfavorable for wellbore stability. The wellbore position has a certain influence on the 

wellbore stress. When there is no mechanical parameters difference, and only a 

interlayer stress difference, the wellbore position does not affect the wellbore stress 

distribution. While the mechanical parameters of the interlayer are different, the 

influence of the wellbore position on the wellbore stress is not obvious, but the 

influence of the interlayer Poisson's ratio difference is more significant than that of the 

wellbore position on the stress distribution. 
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1. Introduction 

How to quickly and efficiently complete drilling in shale formations and successfully 

perform fracturing has always been a serious technical challenge for shale gas 

development. In fact, the problem of wellbore drilling in shale formations and the 

initiation and extension of fractures are the core technical difficulties of the above 

challenges. For the problem of wellbore stability and fracture initiation during 

fracturing, the first condition for carrying out research and analysis is to accurately 

calculate the wellbore stress distribution. 

As early as 1966, Fairhurst[1] and Bradle[2] et al. and used the linear elasticity theory to 

establish the calculation model of the surrounding rock of the borehole wall, obtained 

the stress distribution of the horizontal well, and analyzed the collapse pressure and 

the fracture pressure. However, the linear elastic model is relatively simple. The model 

assumes that the rock is homogeneous and isotropic, which is different from the actual 

situation. In order to solve the problem of borehole stability in anisotropic formations, 

Westergard, Mitchell, Goodman, Morita, Braliti[3] and other scholars proposed an 

elastoplastic model. The elastoplastic model is more in line with the actual situation, 

but the parameters in the model are more difficult to obtain. For the layered shale 

reservoirs, many scholars have proposed an analysis method for the stability of the 

shale reservoir wall, and have also achieved certain research results[4-7]. Crook et al.[8] 

studied the effect of the anisotropy of stratigraphic formation on the stability of inclined 

wellbore. The results show that for inclined wells such as horizontal wells and 

high-angle wells, the inclination angle and anisotropy have obvious influences on the 

collapse pressure of inclined wells. Gennanovich et al.[9] studied the mechanism of 

tensile spalling of surrounding rock of wellbore under compressive stress and 

established a coupling model for crack-wellbore. The study suggests that the collapse 

of shale reservoirs is caused by the unstable expansion of natural cracks in the shale 

formation under the action of compressive stress. When Maury et al.[10] studied the 

casing damage mechanism, it was found that as the drilling fluid density increased to 
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a certain extent, the original natural cracks in the formation expanded the stresses 

near the wellbore, causing certain disturbances in the wellbore, which led to the 

wellbore instability. Based on Adony's weak surface theory, Jin Yan and Chen Mian[11] 

proved that the existence of weak surfaces (different strikes, inclinations, azimuths, 

and inclination angles) is unfavorable to the stability of the borehole wall. Along with 

the development and maturity of the theory of damage mechanics, some scholars have 

introduced it into the analysis of rock failure process to analyze the mechanism of 

wellbore instability[12-14].The results show that under the stress damage of the 

surrounding rock of the borehole wall, the permeability of the rock and the seepage 

field around the surrounding rock change, which is easy to cause the instability of the 

borehole wall during the drilling process. Due to the improvement of computer 

performance, numerical analysis methods have also been vigorously developed, 

enabling traditional mathematical problems to be solved quickly. For example, the 

finite difference method is used to numerically simulate the well stress field[15-17], and 

the finite element method is used to analyze the in-situ stress[18-19].Ghassemi and 

Zhang[20] established a wellbore stability analysis model for fluid-solid coupling in the 

study of shale borehole stability. The numerical solution was obtained by finite element 

method, and the finite element results were simulated and analyzed. The results show 

that the main reason for the instability of the borehole wall is the change of the stress 

distribution of the wellbore, which leads to the change of stress. Miyechell[21] used 

finite element simulation method to simulate and analyze the influence of formation 

lithology change, in-situ stress magnitude and drilling fluid density on the instability of 

the borehole wall. Based on the damage mechanics theory, Wei[22] established the 

damage mechanics model of rock mass around the wellbore, and obtained the stress 

distribution of the damage zone and damage zone near the wellbore by finite element 

difference method. Li et al.[23] used the finite element method to analyze the borehole 

wall stability, and simulated the three-dimensional borehole wall instability, but the 

model did not analyze the influence of cracks on the borehole wall stability. 

Shale formations usually develop in layers, forming multiple layers in the longitudinal 

direction, and there are differences in the in-situ stress and rock mechanics parameters 

between layers. Such interlayer differences may increase the possibility of wellbore 

instability during shale formation drilling, and may also result in a large increase in the 

initiation pressure during fracturing process, which may cause fracturing failure. These 

problems may be caused by changes in the stress distribution of the borehole wall, but 

this has not been given sufficient attention in previous studies. It is necessary to study 

the influence of interlayer differences on the wellbore stress distribution of horizontal 

wells in shale formations. 
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2. Model description 

At present, when drilling horizontal wells in shale formations, the diameter of the drill 

bit usually used in the shale interval is 81/2 in, and the diameter of the drilled hole is 

generally in the range of 216-400 mm. For the convenience of subsequent research, 

the diameter of the wellbore is assumed to be 300 mm [24].Due to the stratification of 

the formation in the longitudinal direction, several geometric relationships shown in 

Figure 1 may exist between the wellbore and the formation. Model 1 and Model 2 

represent the possible geometries between the wellbore and the formation when the 

upper and lower layers are deposited. Model 3 and Model 4 represent the possible 

geometry between the wellbore and the formation when the formation is deposited 

from top to bottom, while Model 5 and Model 6 represent the geometry that the 

wellbore and formation may form when the formation deposits multiple layers from top 

to bottom. In fact, the thickness of each layer of sediment is usually much larger than 

the diameter of the wellbore. Therefore, only Model 1 and Model 2 in Figure 1 are 

generally the actual forms that may be encountered during actual drilling. Therefore, 

the subsequent study only simulates and discusses the variation of the wellbore stress 

in the horizontal well caused by the difference between the layers when the formation 

is divided into upper and lower layers. For the case of multi-layer formations, the 

simulation method proposed in this paper can also be used for calculation and 

discussion, and this article will not describe too much. In addition, this paper mainly 

studies the influence of interlayer differences (including in-situ stress, elastic modulus 

and Poisson's ratio) on the stress distribution of the wellbore. Considering that the 

shale permeability is extremely low, the influence of seepage pore pressure is 

neglected. Therefore, the influence of pore pressure and related effective stress on the 

wellbore stress distribution is not considered in this study.  

 

2.1 Model assumption 

Based on the previous research, the following basic assumptions are made when 

building the model: 

(1)The wellbore and the formation forces to meet plane strain conditions; 

(2)The shale formation is layered vertically, and each layer satisfies the linear elastic 

stress-strain relationship; 

(3)The horizontal wellbore axis is parallel to the horizontal minimum principal stress 

direction； 

(4)The displacement transfer between different formations is continuous, and the 

influence of the formation on the mechanical properties of the rock is not considered. 
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Model 1            Model 2             Model 3 

 

Model 4            Model 5             Model 6 

Fig.1 Geometric relationship between wellbore and formation in horizontal well drilling 

in shale formation 

 

2.2 Simulation software and model size selection 

The numerical simulation software used in this paper is COMSOL MULTIPHYSICS 5.2, 

specifically the solid mechanics module in structural mechanics. The calculated data 

used to determine the model size is derived from a shale reservoir in the Sichuan Basin, 

China, and the specific parameters are shown in Table 1. 

Table 1 Data for model size determination and model validation 

Project Value 

Rock density 2800kg/m3 

Elastic modulus 13.25GPa 

Poisson’s ratio 0.19 

Overburden pressure 63.50MPa 

Horizontal maximum principal stress 80.50MPa 

Borehole pressure 52.50MPa 

The formation-wellbore finite element model shown in Model 1 of Figure 1 is 

established. The borehole has a diameter of 0.3 m and the wellbore axis passes 

through the formation level. Layer 1 and Layer 2 are both 105 m, and the parameters 

used in Layer 1 and Layer 2 are the data in Table 1. The horizontal maximum principal 

stress is applied to the right boundary of the model, the overburden stress is applied to 

the upper boundary of the model, and the internal pressure is applied at the wellbore. 

The model adopts the specified displacement constraint, and the fine mesh is shown in 

Fig. 2. 

Layer 1 

Layer 2 

Bore hole 
Layer 1 

Layer 3 

Layer 2 

Layer 1 

Layer n 
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Fig.2 Finite element model meshing 

In order to make the model truly reflect the borehole stress, the influence of model 

boundary effect must be eliminated. Therefore, the dimensions of the Layer 1 and 

Layer 2 formations are constantly changed, and the outer boundary of the model is 

always square. The influence of the model boundary size on the wellbore stress is 

analyzed, and Figure 3 is drawn according to the calculation results. Figure 3 reflects 

the variation of the maximum circumferential stress of the wellbore when the model 

size changes. It can be seen that the maximum circumferential stress of the wellbore 

tends to be stable with the increase of the length of the model. When the side length 

of the model is 30 m, the maximum circumferential stress of the wellbore is 

-125.670MPa. While when the side length is increased to 40 m, the maximum 

circumferential stress of the wellbore is -125.645 MPa, which only changes by 0.02%. 

Therefore, making the side length of the model 30m can fully meet the calculation 

requirements, so it is determined that the dimensions of the Layer 1 and Layer 2 

formations are 3015 m.  

 

Fig.3 Influence of model size on the maximum circumferential stress of borehole wall 

 

2.3 Model verification 

In order to ensure the authenticity of the subsequent case simulation results, the 

y 
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x direction 

ux=0 x 
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y direction 

uy=0 

Wellbore circumferential stress distribution 
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accuracy of the model needs to be verified first. The parameter input of the verification 

model is exactly the same as the model in 2.2. Since there is no comparison between 

the indoor experiment or the field test data, this paper compares the simulation results 

with the theoretical model calculation results to verify the correctness of the model. 

The calculation formula of the wellbore stress distribution is as follows： 

r ip                                                             (1) 

(1 2cos2 ) (1 2cos2 )i H Vp                                     (2) 

Where σr is radial stress of the wellbore, MPa; σθ is the circumferential stress of the 

wellbore, MPa; pi is the borehole pressure, MPa; θ is circumferential angle of the 

wellbore, °. 

Under the condition of two-dimensional model, the wellbore stress is 0 except for σr 

and σθ. Therefore, only the calculation results of equations (1) and (2) and the 

simulation results of this model are compared to prove the correctness of the 

model.The calculation results are plotted in Figure 4. It can be clearly seen that the 

numerical model calculation results established in this paper are almost identical with 

the theoretical calculation results obtained by the analytical model, indicating that the 

finite element numerical model has good accuracy and can be used in subsequent 

cases. 

 

Fig.4 Comparison between numerical simulation results and theoretical calculation 

results 

 

3. Simulation case design 

In order to illustrate the influence of the difference between the drilling layers of the 

shale formation on the stress distribution of the horizontal well, a series of simulation 

cases are designed. In order to better illustrate the physical meaning of the design case, 

the physical model of the wellbore and the formation is first drawn as shown in Figure 

5. In the figure, E1, μ1 and σH1 represent the elastic modulus, Poisson's ratio and 

horizontal maximum principal stress of the Layer 1, respectively, while E2, μ2 and σH2 

represent that of the Layer 2, and σV represents the overburden stress. In the figure, 

∆S indicates the distance from the center of the wellbore to the formation level. When 

∆S>0, the center of the wellbore is above the formation level in Layer 1. When ∆S<0, 
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the center of the wellbore is below the stratum level in Layer 2. 

 

Fig.5 Simulation case design diagram 

According to the physical model of the wellbore and formation shown in Figure 5, 31 

simulation schemes shown in Table 2 are designed to compare and analyze the 

changes in horizontal wellbore stress caused by interlayer differences. 

Table 2 Parameter design of 31 simulation schemes 

No. 
∆S 

m 

E1 

GPa 

E2 

GPa 
μ1 μ2 

σH1 

MPa 

σH2 

MPa 

σV 

MPa 

pi 

MPa 

1 0 13.25 13.25 0.19 0.19 80.50 80.50 63.50 52.5 

2 0 13.25 13.25 0.19 0.19 80.50 85.50 63.50 52.5 

3 0 13.25 13.25 0.19 0.19 80.50 90.50 63.50 52.5 

4 0 13.25 13.25 0.19 0.19 80.50 95.50 63.50 52.5 

5 0 13.25 18.25 0.19 0.19 80.50 80.50 63.50 52.5 

6 0 13.25 23.25 0.19 0.19 80.50 80.50 63.50 52.5 

7 0 13.25 28.25 0.19 0.19 80.50 80.50 63.50 52.5 

8 0 13.25 13.25 0.19 0.24 80.50 80.50 63.50 52.5 

9 0 13.25 13.25 0.19 0.29 80.50 80.50 63.50 52.5 

10 0 13.25 13.25 0.19 0.34 80.50 80.50 63.50 52.5 

11 0.05 13.25 13.25 0.19 0.19 80.50 95.50 63.50 52.5 

12 0.10 13.25 13.25 0.19 0.19 80.50 95.50 63.50 52.5 

13 -0.05 13.25 13.25 0.19 0.19 80.50 95.50 63.50 52.5 

14 -0.10 13.25 13.25 0.19 0.19 80.50 95.50 63.50 52.5 

15 0.05 13.25 28.25 0.19 0.19 80.50 80.50 63.50 52.5 

16 0.10 13.25 28.25 0.19 0.19 80.50 80.50 63.50 52.5 

17 -0.05 13.25 28.25 0.19 0.19 80.50 80.50 63.50 52.5 

18 -0.10 13.25 28.25 0.19 0.19 80.50 80.50 63.50 52.5 

19 0.05 13.25 13.25 0.19 0.34 80.50 80.50 63.50 52.5 

20 0.10 13.25 13.25 0.19 0.34 80.50 80.50 63.50 52.5 

21 -0.05 13.25 13.25 0.19 0.34 80.50 80.50 63.50 52.5 

22 -0.10 13.25 13.25 0.19 0.34 80.50 80.50 63.50 52.5 

∆S 

E1, µ1 

E2, µ2 

σH

1 

σH

1 

σH

2 
σH

2 

σV 

σV 
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23 0.10 13.25 13.25 0.19 0.19 80.50 85.50 63.50 52.5 

24 0.10 13.25 13.25 0.19 0.19 80.50 90.50 63.50 52.5 

25 0.10 13.25 13.25 0.19 0.19 80.50 95.50 63.50 52.5 

26 0.10 13.25 18.25 0.19 0.19 80.50 80.50 63.50 52.5 

27 0.10 13.25 23.25 0.19 0.19 80.50 80.50 63.50 52.5 

28 0.10 13.25 28.25 0.19 0.19 80.50 80.50 63.50 52.5 

29 0.10 13.25 13.25 0.19 0.24 80.50 80.50 63.50 52.5 

30 0.10 13.25 13.25 0.19 0.29 80.50 80.50 63.50 52.5 

31 0.10 13.25 13.25 0.19 0.34 80.50 80.50 63.50 52.5 

 

4. Results and discussion 

4.1 Influence of interlayer stress difference on wellbore stress 

It can be seen from Fig. 6 that as the interlayer stress difference increases, the 

maximum value of the radial and circumferential stresses of the borehole increases and 

the minimum value decreases, and the stress concentration of the borehole wall is 

more obvious. In particular, the difference in radial and circumferential stresses is 

significantly increased, which is very disadvantageous for wellbore stability. 

The Mohr-Coulomb criterion is often used to describe the shear failure of the wellbore, 
and the formula is: 

1 3 0

sin cos cos
2

1 sin 1 sin
S

  
 

 

 
  

  
                                 (3) 

Where: σ1 is the first principal stress, MPa; σ3 is the third principal stress, MPa; S0 is the 

rock cohesion, MPa; φ is the internal friction angle of the rock, °. 

Under certain stress conditions, when the circumferential and radial stresses of the 

wellbore are exactly σ1 and σ3 in equation (3), due to the increase of the stress 

difference, the original well-stabilized wellbore may undergo shear failure. Therefore, 

the increase in the interlayer stress difference will have a significant impact on the 

stability of the wellbore. In addition, as can be seen from Figures 7 and 8, the radial and 

circumferential stress distributions of the borehole wall are deflected as the interlayer 

stress difference increases. In the case of case1 where there is no difference in 

interlayer stress, cracks in the borehole wall will expand along the horizontal plane 

during fracturing. When there is a difference in interlayer stress, as shown in Case 3, 

the crack will expand along a certain angle with the horizontal plane, which is an 

important reference for the study of fracturing design and related crack propagation 

law. 
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Fig.6 Influence of interlayer stress difference on wellbore radial stress, wellbore 

circumferential stress,and the difference between the former two 

 

Case 1                                  Case 3 

Fig.7 The cloud diagram of wellbore radial stress  

 

Case 1                                  Case 3 

Fig.8 The cloud diagram of wellbore circumferential stress  

 

4.2 Influence of interlayer mechanical parameters difference on wellbore stress 

It can be seen from Fig. 9 that there is a difference in the elastic modulus between the 

layers. When drilling to the formation level, the stress distribution of the wellbore will 

change significantly and will not be symmetrically distributed along the wellbore. The 

maximum radial stress increases significantly, and the minimum circumferential stress 

decreases significantly, resulting in a significant increase in the radial and 

circumferential stress differences, which is also unfavorable for wellbore stability. 

However, since the circumferential stress does not significantly change to the tensile 

stress direction (the maximum value does not increase significantly), the fracture 

pressure or the crack initiation pressure will not change significantly. 
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Fig.9 Influence of interlayer elastic modulus difference on wellbore radial stress, 

wellbore circumferential stress,and the difference between the former two 

According to the stress distribution cloud diagrams in Fig. 10 and Fig. 11, it can be seen 

that the stress distribution of the borehole wall changes obviously. Compared with the 

morphology of Fig.7 and Fig.8, it is not difficult to see that when there is a difference 

in the elastic modulus between the layers, the wellbore stress does not exhibit a 

symmetric distribution, and there is a significant change in the stress distribution at the 

level, the position where the circumferential stress of the borehole wall may cause 

tensile damage is also deflected. 

 

Case 1                              Case 5 

Fig.10 The cloud diagram of wellbore radial stress 

 

Case 1                              Case 5 

Fig.11 The cloud diagram of wellbore circumferential stress  

Fig.12 shows the influence of interlayer Poisson's ratio difference on wellbore stress. It 

can be seen that the difference in the Poisson's ratio between the layers increases, the 

wellbore stress at the formation level changes. The change law is similar to the change 

of wellbore stress caused by the interlayer elastic modulus, and the degree of wellbore 
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stress change is much smaller than that caused by the interlayer elastic modulus. 

Figures 13 and 14 reflect the change in wellbore stress distribution during drilling at the 

formation level due to the difference in Poisson's ratio between layers. Compared with 

Fig. 10 and Fig. 11, it is not difficult to see that the variation of the wellbore stress 

distribution caused by the difference in interlayer Poisson's ratio is much weaker than 

that caused by the interlayer elastic modulus. 

 

Fig.12 Influence of interlayer Poisson’s ratio difference on wellbore radial stress, 

wellbore circumferential stress,and the difference between the former two 

 

Case 1                              Case 8 

Fig.13 The cloud diagram of wellbore radial stress 

 

Case 1                              Case 8 

Fig.14 The cloud diagram of wellbore circumferential stress  

 

4.3 Influence of wellbore position on wellbore stress 

Figures 15, 16 and 17 show the variation in the wellbore stress distribution as the 

center of the wellbore changes. Fig.16 shows the variation of the wellbore stress 

distribution caused by the change of the center position of the wellbore when there is 
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a difference in the elastic modulus between layers, and Fig.17 reflects that caused by 

the change of the center position of the wellbore when there is a difference in the 

Poisson's ratio between layers. Fig.15 shows that when there are no differences in the 

in-situ stress and mechanical parameters between the layers, only the center position 

of the wellbore is changed. As long as the wellbore is drilled at the formation level, the 

maximum and minimum values of the circumferential and radial stresses of the 

borehole wall will not change substantially, and the stress difference between the two 

will not change, indicating that simply changing the center position of the wellbore will 

not cause the wellbore stress distribution change too much. 

 

Fig.15 Influence of wellbore position on wellbore radial stress, wellbore circumferential 

stress, and the difference between the former two when there are no differences 

between layers 

The variation of wellbore stress in Fig. 16 and Fig. 17 is similar, indicating that the 

wellbore position affects the distribution of wellbore stress when there is a difference 

between the elastic modulus and Poisson's ratio, and it is necessary to consider the 

influence of the wellbore position on the stress distribution of the borehole wall. 

Moreover, the more obvious the difference between the interlayer elastic modulus and 

the Poisson's ratio, the greater the degree of stress change, which is more unfavorable 

to the stability of the borehole wall, and the effect of the elastic modulus is significantly 

stronger than the Poisson's ratio. 
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Fig.16 Influence of wellbore position on wellbore radial stress, wellbore circumferential 

stress, and the difference between the former two when there is a difference in the 

elastic modulus between layers 

 

Fig.17 Influence of wellbore position on wellbore radial stress, wellbore circumferential 

stress, and the difference between the former two when there is a difference in the 

Poisson’s between layers 

 

4.4 Influence of interlayer stress difference on wellbore stress in asymmetric borehole 

Fig.18 shows the change in wellbore stress caused by the change in the interlayer 

stress difference as the center of the wellbore deviates from the formation level. Fig.18 

is almost identical to Fig.6, indicating that there is no difference in the interlayer 

mechanical parameters, and only the interlayer stress difference exists, the center 

position of the wellbore does not affect the distribution variation of the wellbore stress. 
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Fig.18 Influence of interlayer stress difference on wellbore radial stress, wellbore 

circumferential stress, and the difference between the former two in asymmetric 

borehole 

 

 

Fig.19 Influence of interlayer elastic modulus difference on wellbore radial stress, 

wellbore circumferential stress, and the difference between the former two in 

asymmetric borehole 

 

4.5 Influence of interlayer mechanical parameters difference on wellbore stress in 

asymmetric borehole 

Comparing Fig. 19 and Fig. 9, it can be seen that when the wellbore is asymmetrical, 

the difference of interlayer elastic modulus is enhanced, the variation law of wellbore 

stress is consistent with the change of wellbore stress caused by the difference of 

interlayer elastic modulus. It shows that the influence of the center position of the 

wellbore on the wellbore stress is not obvious when there is a difference in the elastic 

modulus between layers. It also shows that when there is a difference in the elastic 

modulus between the layers, it will cause the change of the wellbore stress when 
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drilling the layers. Therefore, the drilling process should avoid drilling the layers as 

much as possible to avoid the change of the wellbore stress and the wellbore 

instability. 

Fig.22 shows the influence of interlayer Poisson’s ratio difference on wellbore radial 

stress, wellbore circumferential stress, and the difference between the former two in 

asymmetric borehole. Comparing with Fig.12, it can be seen that regardless of whether 

the center of the wellbore is at the formation level or not, the variation of the wellbore 

stress caused by the difference in Poisson's ratio between the layers is similar. It also 

shows that when there are differences in Poisson's ratio between layers, drilling will 

cause changes in wellbore stress when drilling in layers, and the difference in Poisson's 

ratio between layers is more significant than that in wellbore position. 

 

Case 1                     Case 26 

Fig.20 The cloud diagram of wellbore radial stress  

 

Case 1                      Case 26 

Fig.21 The cloud diagram of wellbore circumferential stress  

 

Fig.22 Influence of interlayer Poisson’s ratio difference on wellbore radial stress, 

wellbore circumferential stress, and the difference between the former two in 

asymmetric borehole 
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Case 1                         Case 29 

Fig.23 The cloud diagram of wellbore radial stress  

 

Case 1                         Case 29 

Fig.24 The cloud diagram of wellbore circumferential stress  

 

5. Conclusion 

The wellbore stress is significantly affected by the interlayer stress difference. As the 

interlayer stress difference increases, the maximum value of the radial and 

circumferential stresses of the borehole wall increases and the minimum value 

decreases, and the stress concentration of the borehole wall is more obvious, which is 

very unfavorable for the stability of the wellbore. 

The wellbore stress is significantly affected by the interlayer mechanical parameters 

difference, and the wellbore stress will be distributed asymmetrically along the 

wellbore. The maximum radial stress increases significantly, and the minimum 

circumferential stress decreases significantly, resulting in a significant increase in the 

radial and circumferential stress differences, which is also unfavorable for wellbore 

stability. 

The wellbore position has a certain influence on the wellbore stress. When there is no 

mechanical parameters difference, and only a interlayer stress difference, the wellbore 

position does not affect the wellbore stress distribution. While the mechanical 

parameters of the interlayer are different, the influence of the wellbore position on the 

wellbore stress is not obvious, but the influence of the interlayer Poisson's ratio 

difference is more significant than that of the wellbore position on the stress 

distribution. 
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