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Abstract 

In this paper, the compression drive mechanism, which can be considered as the most related 

oil drive mechanism with the reservoir geomechanical properties, has been investigated. The 

constant total vertical stress on the reservoir and uniaxial reservoir compaction with zero lateral 

strain are two main assumptions in the conventional reservoir compaction modeling. These 

assumptions are not considering the stress arching, which leads to a reduction in the total 

vertical stress and also affects the distribution of vertical and horizontal stresses. In this paper, 

it was tried to investigate the effects of three keys elastic parameters, including Young's 

modulus, Poisson’s ratio, and Biot coefficient on the reservoirs stress paths and compaction 

drive mechanism using numerical modeling with ABAQUS software. Based on the modeling 

results the reservoirs stress paths is very different from simplifying assumption in uniaxial 

compaction models while the total compaction of reservoir obtained using numerical modeling 

and uniaxial model in some cases can be equal. Also, among the three geomechanical 

parameters, the ratio of Young's modulus of the reservoir and surrounding rocks has a 

significant effect on the reservoir stress paths and compaction. The results of modeling indicate 

when a reservoir rock is softer than its surrounding environment, due to the arching occurrence, 

the total vertical stress applied to the reservoir rock reduced even to half of the initial vertical 

stress, which leads to the oil recovery by the compression drive mechanism will be less than 

50% of the predicted value. 

KEY WORDS: Stress path; Arching coefficient; Compaction drive; Oil recovery; ABAQUS 

software. 

1- Introduction 

The compaction of reservoir rock is a known mechanism for the extraction of oil content of the 

rock pores. For true calculation of compaction of a depleting reservoir in addition to the 



determination of its compressibility parameters, accurate estimation of the stress changes with 

reservoir pore pressure dropping is necessary. The state of stresses and its change during 

depletion of the reservoir have an important impact on oil recovery, directly through 

compaction drive and indirectly through permeability change (Holt et al. 2004). Also, the state 

of stresses and its changing trend affect the stability of wells during drilling and production, 

cap rock integrity, production-induced faulting, and formation particle production (Haug et al. 

2018; Radwan and Sen 2020). 

Conventionally, in reservoir compaction modeling, the vertical stress on the reservoir is 

assumed to be constant. With this assumption, the increase in effective stress on the reservoir 

rock is equal to the decrease in pore pressure multiplied in the Biot coefficient. However, a 

reduction in total stresses by reducing the pore pressure of the reservoir is indicated in periodic 

measurements of in situ stresses in different oil fields (Asaei et al. 2018). This decrease is due 

to stress arching, as a result of which a part of the vertical stress induced from the overburden 

weight is transmitted to the side burden of the reservoir (Gao and Gray 2020; Sayers and 

Schutjens 2007). This reduction in acting stresses on the reservoir rock will reduce its 

compaction relative to the expected value, which leads to not achieving the predicted oil 

recovery by the compaction drive mechanism.  

Numerous studies have been conducted on the stress arching in the last decade, most of which 

have investigated the effect of this aspect on the stress state in the reservoir, seismic activity 

by generation or reactivation of faults, and changing the permeability of the reservoir rock 

(Khan et al. 2000; Mulders 2003; Orlic and Wassing 2013; Peng et al. 2020; Soltanzadeh and 

Hawkes 2008). Almost these studies have shown that the stress arching in small reservoirs with 

less stiffness than the surrounding environment is more likely and has a greater impact 

(Dusseault 2011). Segura et al. (2011) using the numerical 3D modeling investigated the effect 

of stress arching on reservoir pressure changes. Based on the results of this study, disregarding 



stress arching will cause an overestimate of reservoir pressure in the production period. In this 

paper, the effects of stress arching on the stress distribution and reservoir compaction are 

modeled using the ABAQUS software. Also, concerning the importance of compaction drive 

mechanism, the effect of stress alteration due to stress arching in different parts of the reservoir 

on the final oil recovery is investigated. 

2- Compaction drive mechanism 

Various driving mechanisms are responsible for oil production from reservoir rock, each of 

which in turn causes the extraction of a part of the in situ oil in the reservoir rock. Four main 

oil drive mechanisms are included: 

1. Depletion drive, which is resulted from the expansion of oil and solution. 

2. Segregating gas-cap drive (also called primary gas-cap drive), which has resulted 

from the expansion of the segregated gas zone. 

3. Water drive, which is resulted from the natural aquifer and/or injected water. 

4. Compaction drive, which is resulted from the compaction of rock pores when the 

pressure drops in the reservoir. 

The typical participations of each drive mechanism in oil production are shown in Table 1 

(Sanni 2018).  

Table 1. The participations of drive mechanisms in oil recovery (Sanni 2018) 

Drive mechanism Recovery of original oil (%) 

Depletion drive 

Segregated gas-cap drive 

Compaction drive 

Water drive 

5-25 

15-40 

2-5 

15-60 

 



Among the mentioned drive mechanisms, compaction drive is in the field of geomechanics and 

is discussed in this paper. Although in most reservoirs rarely more than 5% of the total oil 

recovery are due to the reservoir compaction, in some reservoirs, this mechanism has a 

significant contribution in the oil recovery. 

For example, more than 50% of oil recovery in the Bachaquero reservoir in Venezuela is due 

to compaction drive. Also, in the Valhall Reservoir in the Norwegian North Sea, the oil 

production by compaction drive is estimated at over 70% (Sanni 2018). The unfortunate aspect 

of the compaction drive is that compaction of a reservoir can lead to subsidence at the field 

surface. If the field is located in a desert, the negative effects of subsidence are little, but if the 

field is located in an urban area or offshore or onshore, subsidence has very negative 

environmental and economic consequences (Dake 2001). One of the well-known examples of 

subsidence happens in oil fields that has a consequential major damage to the production 

platform is the subsidence occurred in the Ekofisk field. The seabed below the active 

production platforms in the Ekofisk field subsided to more than 3.5 meters in 1984, costs to 

restore the platform reached to 1 billion dollars (Sulak 1991). The damage caused by 

subsidence in this field is very prominent and has been mentioned in most related articles. But 

the important point that is less mentioned about the occurrence of the unanticipated reservoir 

compaction in the Ekofisk is the impact of reservoir compaction on the oil recovery from this 

field. The compaction drive in this reservoir caused the recovery of more than 30% of the oil 

until 1980, a trend that continued and the economic benefits of this amount of production, 

which was not anticipated in the development stages of the field, more than compensated for 

the costly repair (Dake 2001).  

According to the mentioned discussion, accurate estimation of the reservoir compaction is 

important for predicting related problems and exact estimation of oil recovery for field 

development. 



3- Reservoir stress path and its effect on reservoir compaction  

To better explain the trend of stress changes during the production of a reservoir, the ratio of 

changes in total stress to the pore pressure reduction is defined as stress path coefficients as 

below (Hettema et al. 2000): 

1.  𝛾𝑉 = ∆𝜎𝑣∆𝑝𝑓         

2. 𝛾𝐻 = ∆𝜎𝐻∆𝑝𝑓 

γv is the vertical stress path coefficient, also called the arching coefficient, and γH is the 

horizontal stress path coefficient. The arching coefficient is equal to zero when the total stress 

remains constant during the production of a reservoir. As was mentioned, one of the two main 

assumptions in the uniaxial compaction model is neglecting the stress arching and considering 

γv=0. The secondary assumption in this model is the laterally constraining of the reservoir, and 

the effective horizontal stresses change in a manner that the horizontal strain is equal to zero. 

Based on these two assumptions average stress path coefficient can be calculated as (Fjar et al. 

2008):   

3. �̅� = 23 1−2𝑣1−𝑣 𝛼 

ν is the Poisson’s ratio coefficient and α is the Biot coefficient. 

The compressibility of rock pores (Cpp) by taking into account ∆σ = γ̅∆p𝑓 and also regardless of 

the rock matrix compressibility due to the large difference between its frame bulk modulus and 

the solid bulk modulus (Kfr≪Ks) can be calculated using the following equation (Fjar et al. 

2008): 

4. 𝐶𝑝𝑝 = 1𝑉𝑝 ∆𝑉𝑝∆𝑝𝑓 = 1𝜑 13𝐾𝐹𝑅 1+𝑣1−𝑣 



Where, VP is the volume of the reservoir rock pores and ΔVp is its change due to the reduction 

of pore pressure equal to Δpf, φ is porosity, and Kfr is rock frame compressibility. By 

determining the Cpp, it is easy to calculate the value of oil production by the compaction drive 

mechanism using the following equation (Fjar et al. 2008): 

5. ∆𝑉𝑝𝑟𝑜𝑑 = −𝑉𝑝𝐶𝑝𝑝∆𝑝𝑓 

Using relationship for reservoirs in which stress arching has occurred leads to an overestimate 

of the actual value of oil production per pore pressure drop. 

As mentioned, increasing the stress arching coefficient reduces the total stress on the reservoir 

and thus reduces the compressibility of the reservoir. Equation 4 can be rewritten based on the 

average stress path coefficient as follows: 

6. 𝐶𝑝𝑝 = 1−�̅�𝜑 1𝐾𝐹𝑅 

This relationship confirms that in the uniaxial compaction model of the reservoir if the average 

stress path increases, the maximum value of which is equal to one, the compressibility value 

of the reservoir rock pores will tend to zero. 

If the vertical stress arching is not considered, in addition to the error caused by zero 

considering the vertical stress path, a double error will be created due to neglecting the effect 

of the vertical stress on the horizontal stress paths of a compacting reservoir. Equation 7 shows 

the relationship between the vertical and horizontal stress paths (Fjar et al. 2008): 

7. 
𝑣1−𝑣 = 𝛼−𝛾ℎ𝛼−𝛾𝑣 

Equation 7 indicates that there is a direct relationship between horizontal and vertical stress 

coefficients. Based on this relation, by assuming γv = 0 the minimum value of the horizontal 

stress path coefficient is obtained, and the above relation can be rewritten as follows: 

8. 𝛾ℎ−𝑚𝑖𝑛 = 1−2𝑣1−𝑣 𝛼  



The above equation is the basis for calculating the mean stress path in relation 3.  

4- Reservoir compaction modeling 

In this paper, the ABAQUS software, that is a powerful set of modeling programs based on the 

FEM with the ability to solve wide range of problems using linear and nonlinear modeling 

(Hedayatikhah and Abdideh 2019), was used to model the stress arching phenomenon and its 

effect on the reservoir compaction. For this purpose, a disk shape reservoir with a height of 200 

meters and a redial of 1000 meters located in three different depths of 1000, 2000, 3000 meters 

were modeled. The overall dimensions of the model and assigned mesh size are shown in Fig 

1. Three element types are used for definition different parts of the model:  4- node 

axisymmetric quadrilateral bilinear pore pressure (CAX4P) for reservoir part, 4-node bilinear 

axisymmetric quadrilateral (CAX4R) for surrounding of the reservoir, and axisymmetric 

infinite element type (CINAX4) for bottom and side of the model. With respect to used infinite 

elements for the far-field, no bindery condition needs to be signed for the base and lateral of 

the model. 

 

Figure 1. Numerical model: mesh scheme and element type  



In addition to the depth of the reservoir, the ratio of Young's modulus of the reservoir rock (Er) 

to its surrounding rock (Es) was also considered as one of the variables in modeling, and models 

were repeated for three ratios of Es/Er =1, 5 and 10. In the first modeling set, the Poisson’s ratio 

of the reservoir and its surrounding rock is considered to be the same and equal to 0.3, the 

porosity of the reservoir rock is 25%, and its Young modulus is equal to 5 GPa. Also, the initial 

reservoir pressure was assumed to be 25 MPa at the beginning of production, which reaches 5 

MPa at the end of extraction. Figures 2-4 show the results of the reservoir model located at a 

depth of 2000 m with a ratio of Es/Er =5. 

 

Figure 2. The vertical displacement around the depleted reservoir and raising the lower part 

of the reservoir due to the vertical stress reduction  



 

Figure 3. Effective vertical stress changes along the central axis of the reservoir 

 

Figure 4. The effective vertical stress changes in the reservoir and its surrounding rock 

Figure 2 shows the vertical displacement that occurred in the reservoir and the surrounding 

rock due to the reservoir withdrawal. Based on the results presented in this Figure, the reservoir 
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floor is displaced upwards by reducing the reservoir pore pressure, which indicates the stress 

arching occurrence in the reservoir overburden and reducing the total vertical stress applied to 

the reservoir floor. Figure 3 shows the total vertical stress changes along the central axis of the 

reservoir and Figure 4 shows how the effective vertical stress changes within the reservoir and 

the surrounding environment. In Figures 3 and 4, the reduction of the vertical stress at the top 

and bottom of the reservoir due to its depletion can be seen. Figure 4 also shows the increase 

in the vertical stress on the sides of the reservoir due to the stress arching and transferring a 

part of the overburden weight to the reservoir flanks. Figure 5 presents the results of the 

calculation of the vertical stress path for the 9 modeling statuses. 

 

Figure 5. The vertical stress path in different D/r and Es/Er ratios 

As can be seen in Figure 5, Young's modulus ratio of the reservoir and the surrounding 

environment has a significant effect on the arching coefficient, but the aspect ratio (D/r) has 

not such a tangible effect. Also the modeling results indicates the absolute value of the moduli 

for a given ratio Er/Es, has not a significant effect on the stress path coefficient. For example, 

arching coefficients of modeled reservoirs in depth of 2000 meters with Er/Es=1&5 and 

Er=25GPa are obtained 0.1114 and 0.3750, respectability.   
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Another key elastic parameter that controlled the geomechanical behavior of a reservoir is the 

Poisson’s ratio. The results of molding shown, in addition to the ratio of vr/vs, unlike Young 

modulus, the absolute values of the Poisson’s ratio of the reservoir and the surrounding rock 

are also affecting the reservoir stress passes. In Figure 6, the arching coefficients calculated on 

the basis of obtained results from the modeling of a reservoir located at depth 2000 m and with 

Er=Es=5GPa are presented. The Poisson’s ratios of the reservoir and the surrounding rock are 

considered equal, νr/νs=1.  

 

Figure 6. Effect of Poisson’s ratio changes in the vertical stress path coefficient. 

As shown in Figure 6 with increasing Poisson’s ratio of the reservoir and the surrounding rock, 

the arching coefficient will be decreased. 

Also, the modeling results indicated that there is a linear relationship between the arching 

coefficient and the νr when the Poisson’s ratio of the surrounding rock (νs) is considered 

constant. In Figure 7 variations of the stress arching coefficient are shown for reservoirs with 

three different νr=0.2, 0.3, and 0.4. 
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Figure 7. Variations of the arching coefficient by changing vs and different values of νr  

In addition to the effect of two common elastic parameters, Young's modulus and Poisson’s 

ratio, the effect of the Biot coefficient on the stress paths and reservoir compaction was 

investigated in this paper. The Biot coefficient is one of the most important parameters 

determining the geomechanical behavior of a pro-elastic environment and playing a principal 

role in determining the acting effective stresses on the reservoir rock (Fang et al. 2018; Salemi 

et al. 2018). Usually in the calculation of reservoir compaction for simplification, assuming the 

compressibility of grain is sufficiently lower than the rock frame, the Biot coefficient is 

considered equal to 1. According to the Biot effective stress theory, the effective stress in a 

pro-elastic medium is equal to (Skempton 1984): 

9.  

Where α is the Biot coefficient which depends on the ratio of grains to rock frame bulk modulus 

(Wang 2000). Theoretically, the Biot coefficient value varying from 0 to 1, but the 

experimental results suggest that the Biot coefficient ranges from 0.65 to 0.91 for the most 

reservoir rocks (Salemi et al. 2018).  
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To determine the effect of the Biot coefficient on the stress arching coefficient and the 

compaction drive mechanism, the reservoirs were modeled by considering three different Biot 

coefficient values, 0.65, 0.8, and 0.95. The reservoirs have elastic parameters similar to the 

surrounding rock (νr=νs=0.3 and Er = 5GPa) and, as before, assuming three aspect ratios of 

D/r=1, 2, 3. The stress arching coefficient in the center of the modeled reservoirs is presented 

in the Figure 8. 

 

Figure 8. Effect of consideration of Biot coefficient on the arching coefficient 

As is shown in Figure 8, minimum values of the stress arching coefficient were obtained by 

considering the Biot coefficient equal to 1, and its effect on the effective stress is neglected. 

An important point to consider in almost traditional reservoir compaction models, even in cases 

where the stress arching is considered, is to assume a certain value for the stress path 

coefficients over the entire reservoir. This value is usually estimated based on numerical or 

analytical modeling along the central axis of the reservoir. While the results of numerical 

modeling show that the values of the stress path coefficients are different both in the horizontal 

direction and in the vertical direction. Figure 9 shows the trend of changes of the stress path 

coefficients along the horizontal and vertical central axes of the reservoir. Like Figures 1-3, 
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Figure 9 shows the results of modeling a reservoir located at a depth of 2000 m with a ratio of 

Es/Er =5.  

 

 

Figure 9. The horizontal and vertical stress path coefficient changes along the central axes of 

the reservoir, a) horizontal axis b) vertical axis 

As can be seen in Figure 9, the central axis of the reservoir has the lowest value of the vertical 

stress path coefficient, which indicates the occurrence of the lowest arching and that 
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minimizing reduction in the total vertical stress in the reservoir central part than other sections. 

In contrast, in the reservoir flanks, most changes are made in the vertical stress and the arching 

coefficient is maximum.  

The horizontal stress path showed a different trend from the vertical stress path. It is maximum 

in the middle part of the reservoir that indicates the closeness of the value of changes in the 

total horizontal stress value with the pore pressure decrease. 

However, toward the reservoir sides due to stress arching the amount of the total horizontal 

stress increased, and therefore, the reduction of total stress created by the pore pressure 

reduction in these parts is less than the central part of the reservoir.  

5- Modeling the effects of stress arching on the compression drive mechanism 

The pores compressibility (Cpp) of the modeled reservoirs due to using the same elasticity 

parameters for the reservoir rock in all models, based on Equation 4 is equal to 0.59 GPa-1. 

Also, change in the pore volume induced by pore pressure dropping of 20 MPa will be equal 

to 0.00297 m3 per unit the volume (1m3) of the reservoir rock. The calculated values for 

compressibility and pore volume reduction are the maximum possible values, and the reservoir 

compaction modeling indicates that these values will not be achieved due to the stress arching 

occurrence.  

At a first glance, the amount of the reservoir pores compaction and the resulting oil extraction 

may seem insignificant, but with respect to the total volume of oil within the modeled 

reservoirs, the compaction can remove 1.2% of the total in situ reservoir oil. Given that at the 

best case only 30 to 40 percent of the in situ oil can be extracted, this value will account for 

about 3 to 4 percent of the possible produced oil from the reservoir. 

Figure 10 shows volumes of the reservoir pores compaction that is equal to the amount of oil 

produced due to the compaction drive mechanism. In this Figure, the amount of oil recovered 



without considering the stress arching and the modeling results obtained by the ABAQUS are 

presented for 10 modeling status. 

 

Figure 10. The effect of stress arching on the oil recovery due to compression drive 

mechanism 

As can be seen in Figure 10, in all three D/r ratios when the elastic modulus of the reservoir 

and the surrounding rock are the same, the reservoir pore volume reductions obtained by 

numerical modeling and the amount calculated using Equation 5 are almost identical. A closer 

look at the models reveals that the cause of this equality between results in all three D/r ratios, 

is not due to the absence of stress arching but due to the increase of horizontal stresses in the 

flanks of the reservoir as a result of the vertical stress concentration in these sections (Figure 

11a). 

Figure 11b shows the changes in the three main stress paths and their averages along the 

horizontal axis of a reservoir which has the same elastic modulus with the surrounding rock. 

The interesting point about the reservoir stress paths is that none of them follows the existing 

relationships based on the uniaxial compression model (γv ≠ 0 and γh≠(1-2ν)/(1-ν) γ), while 

the average stress path showed a good matching with its value obtained from Equation 3. 
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Figure 11. a) Horizontal displacement occurred in the reservoir and its surrounding 

environment due to the reservoir depletion, b) Vertical and horizontal stress path coefficients 

of the reservoir when the reservoir rock elastic parameters are the same with its surrounding 

rock. 
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parts of the reservoir can be led to maintain a higher percentage of the initial permeability of 

the reservoir rock in these parts. However, the occurrence of stress arching can increase the 

stresses applied to other parts of the reservoir (sides) and increase the compaction and decrease 

the permeability of these parts, simultaneously. Experiments by Wang et al. (2013) to 

investigate the effect of stress arching on reservoir rock permeability showed that if the stress 

arching coefficient is 0.12, about 23%, and if the stress arching coefficient is 0.28, about 50%, 

the permeability of rock will be higher than the case in which the stress arching coefficient is 

equal to zero (Wang et al., 2013). 

Modeling reservoirs with different Poisson’s ratio showed that variation of this parameter has 

not an important effect on the reservoir compaction and on the ultimate oil recovery by the 

compaction drive mechanism. In Figure 12, the modeling results of reservoirs with different 

Poisson’s ratios which is equal to the surrounding rock is presented. 

 

Figure 12. Effect of variation of Poisson's ratio on the compaction drive mechanism 

It should be noted that the trend of decreasing the reservoir compaction with the increase of the 

Poisson's ratio is a direct result of a decrease in the compressibility of the reservoir rock, and 

the stress arching has no significant effect on it. 
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In Figure 13 variations of dv with change of the Poisson’s ratio of the surrounding rock are 

presented. The reservoir Poisson’s ratio is considered constant in each modeling set and results 

are plotted on one line. As the results show, in cases that the Poisson's ratio of the surrounding 

rock is considered less than the reservoir rock, reservoir compaction is less than the amount 

calculated by the uniaxial model. But, by increasing the Poisson's ratio of the surrounding rock 

and exceeding from the Poisson's ratio of the reservoir rock, the compaction of the reservoir 

will increase. 

 

Figure 13.  Effect of variation of Poisson's ratio of the reservoir and surrounding rocks on the 

reservoir compaction. Dashed lines are shown the reservoir compaction calculated by the 

uniaxial compaction model.  

The effect of Biot coefficient on the reservoir compressibility is very different from the two 

considered parameters, the Poisson's coefficient and Young's modulus. The Biot coefficient 

effect on the reservoir compaction is also dependent on the ratio of Young's modulus of the 

reservoir and the surrounding rock (Er/Es). As shown in Figure 14, when Young's modulus of 

the reservoir and the surrounding rock are equal, increasing the Biot coefficient increases the 
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Biot coefficient equal to one. But, with increasing the Young's modulus ratio, Er/Es, the 

increasing trend of reservoir compaction with increasing of the Biot coefficient slows down 

and even in the high Er/Es, this trend can be reversed. 

 

Figure 14. Effect of variation Biot coefficient on the compaction drive mechanism. 

As shown in Figure 14, ignoring the Biot coefficient in reservoirs that have the same Young's 

modulus or near to the surrounding rocks can lead to an overestimate of the oil produced by 

the compaction drive mechanism. However, in fields where there is a significant difference 

between Young's modulus of the reservoir rock and the surrounding environment, the effect of 

the Biot coefficient on the reservoir compaction is greatly reduced. 

6- Conclusion 

In this paper, the effect of stress arching on reservoir compaction and compaction drive 

mechanism was investigated. Compaction drive is one of the four known mechanisms of oil 

recovery, which, although in most fields has a smaller share than the other three mechanisms, 

its role cannot be ignored in the oil recovery. 
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The results of reservoir depletion modeling using ABAQUS software indicated that the stress 

path coefficients, which are key parameters in the reservoir compaction, are very different from 

the results obtained based on the pro-elastic relations and uniaxial compaction model. The 

modeling indicated Young’s modulus contrast between the reservoir and the surrounding rock 

have the greatest impact on the reservoir compaction. Accordingly, the maximum reservoir 

compaction is obtained when the elastic modulus of the reservoir and the surrounding rock are 

the same, in this case the reservoir geometry does not affect its compaction volume, and the 

reservoir compaction will be equal to the calculated value based on the uniaxial compaction 

model. However, it should be noted that even in this case, the stress path coefficients are 

different from the values calculated based on the uniaxial compression model and the effect of 

stress arching on distribution of stresses and other parameters affected by it, such as reservoir 

permeability and compressibility cannot be neglected.  

Investigating of the Poisson’s ratio variation indicated both the absolute value of this parameter 

and contrast between the Poisson’s ratio of the reservoir and surrounding rock affected the 

stress path and the reservoir compaction. Based on modeling results when νr/νs<1 the reservoir 

compaction will be greater than the calculated value from the uniaxial compaction model and 

vice versa. 

Moreover, modeling the Biot coefficient effect on the reservoir stress paths and reservoir 

compaction, showed the effect of this parameter, in addition to its value, depends on the Er/Es. 

In the reservoirs that have the same or near Young’s modulus with the surrounding rock, Er≈Es, 

there is a direct relationship between the Biot coefficient value and reservoir compaction. But 

in a very softer reservoir than the surrounding rock, Er/Es≈0.1, the Biot coefficient has a weak 

and irregular effect on the reservoir compaction.  
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Figures

Figure 1

Numerical model: mesh scheme and element type



Figure 2

The vertical displacement around the depleted reservoir and raising the lower part of the reservoir due to
the vertical stress reduction



Figure 3

Effective vertical stress changes along the central axis of the reservoir



Figure 4

The effective vertical stress changes in the reservoir and its surrounding rock



Figure 5

The vertical stress path in different D/r and Es/Er ratios



Figure 6

Effect of Poisson’s ratio changes in the vertical stress path coe�cient.



Figure 7

Variations of the arching coe�cient by changing vs and different values of νr



Figure 8

Effect of consideration of Biot coe�cient on the arching coe�cient



Figure 9

The horizontal and vertical stress path coe�cient changes along the central axes of the reservoir, a)
horizontal axis b) vertical axis



Figure 10

The effect of stress arching on the oil recovery due to compression drive mechanism



Figure 11

a) Horizontal displacement occurred in the reservoir and its surrounding environment due to the reservoir
depletion, b) Vertical and horizontal stress path coe�cients of the reservoir when the reservoir rock elastic
parameters are the same with its surrounding rock.



Figure 12

Effect of variation of Poisson's ratio on the compaction drive mechanism It should be noted that the trend
of decreasing the reservoir compaction with the increase of the Poisson's ratio is a direct result of a
decrease in the compressibility of the reservoir rock, and the stress arching has no signi�cant effect on it.



Figure 13

Effect of variation of Poisson's ratio of the reservoir and surrounding rocks on the reservoir compaction.
Dashed lines are shown the reservoir compaction calculated by the uniaxial compaction model.



Figure 14

Effect of variation Biot coe�cient on the compaction drive mechanism.


