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Abstract:  
 

Permeability can be effected by many factors including effective stress, and this 

will further impact the final production of oil and gas. In this work, a stress-

dependent permeability calculation model was adopted and based on which a 

production function for heterogeneous tight sandstone reservoir on core scale is 

derived. Stress sensitivity has been taken as the primary influencing factor to 

analysis the impact of effective stress on the productivity of heterogeneous tight 

sandstone reservoir. The results shows that the stress sensitivity needed to be taken 

into cosideration when the effective stress cannot be overlooked in the design of 

developing plan for tight reservoirs; and the severity of the heterogeneity has a 

noticeable influence on the production. 

  
 

1. Introduction 

Heterogeneous tight reservoirs are important target 

areas for oil and gas exploration, many researches on 

the relationship between reservoir physical 

parameters and effective stress has been conducted 

with a large number of experiments[1-3]. The strong 

heterogeneity of tight reservoirs affects the variation 

of permeability, leading to different extents of stress 

sensitivity. Permeability is an important parameter in 

the calculation of production, meaning the stress 

sensitivity of heterogeneous reservoirs has an effect 

on production. It is significant for the development 

of tight heterogeneous reservoirs to calculate the 

production considering stress sensitivity. Many 

scholars have theoretically studied the law of stress 

sensitivity of permeability. Liu et al studied the 

variation of porosity and permeability of low 

permeability reservoirs with effective stress by the 

model of variable diameter capillary bundle [4]. 

Based on the characteristics of rock pore structure 

and particle contact deformation,  Dong et al 

quantitatively analyzed the stress sensitivity of tight 

sandstone [5]. Wang et al analyzed the stress 

sensitivity of low permeability reservoir using the 

model of unequal diameter circuitous capillary 

bundle according to the theory of elastic mechanical 

thick wall tube [6]. However, most of the studies 

were deduced under homogeneous conditions, rather 

than heterogeneous conditions [7-8]. Therefore, in 

this paper, the production equation was obtained 

based on heterogeneous stress sensitivity model by 

Hertz contact deformation principle [9-12]. The 

results of different production pressure were 

compared between the two groups of cores. 

2. Production model 

Assuming the pores of heterogeneous tight 

sandstone capillary tubes are composed by particles 

with different properties. The basic stacking unit is a 

tight accumulation of 4 particles. Particles are 

deformed by the effect of effective stress, which 

leads to deformation of the pores of the capillary 

tube. The variation law of porosity recovery rate and 

permeability recovery rate with effective stress are 

obtained by calculating the seepage area of pores 

before and after deformation. The equations for 

porosity recovery rate and permeability recovery 

rate are as follows [9]: 
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Where '  is porosity after deformation;   porosity 

before deformation; 'S  is the seepage area after 

deformation; S  is seepage area before deformation; 

R  is radiu of particle;   is effective stress on the 

pores of the capillary tube. 'K  is permeability after 

deformation; K  is permeability before deformation. 

Therefore, the production equation can be dereived 

from Darcy theory as: 
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Where Q  is production; A is the area of the 

overcurrent cross section; L is the length of the rock 

in the flow direction; P  is the pressure difference 

between the two ends of the rock in the flow 

direction;   is dynamic viscosity of the fluid. 

3. Model Calculation 

Two groups of capillary tube pores composed by 

different particle size particles were selected, the 

rock particles Poisson ratio were 0.22, and the elastic 

modulus was 12.9 GPa. The pore size ratio of each 

group of capillary tubes was 4:3 respectively (0.20 

mm:0.15 mm) and 5:3 (0.25 mm:0.15 mm) [9]. 

Different particle size ratios can represent different 

heterogeneity of tight reservoirs. Hata! Başvuru 

kaynağı bulunamadı. is the relationship between 

effective stress and permeability of cores with 

different particle size ratios. With the increase of 

effective stress, the sensitivity of permeability stress 

is obvious. 

 
Figure 1. Relationship between effective stress and 

permeability of different particles formed capillaries 

Table 1. Basic parameters of cores 
Parameters Core 1 Core 2 

Diameter/mm 25 25 

Length/mm 41.22 43.96 

Porosity/% 15 14.18 

Permeability/10-3 μm2 9.83 2.47 

 

Stress dependent permeability experiments have 

been conducted on 2 tight heterogeneous sandstone 

cores. Parameters are shown in Table1. Production 

prediction can be obtained by the production 

equation (3). The modified production under 

different production pressure (5-25 Mpa) has been 

calculated. The production results of core 1 are 

shown in Figure 2, the production results of core 2 

are shown in Figure 3. 

4. Results and discussion 

As it can be seen from Figure 2 and 3, under the same 

effective stress, production increases with the 

increase of production pressure. Under the same 

production pressure, the production decreases with 

the increase of effective stress. However, the trend 

of this decline is increasing with the increase of 

effective stress. That is to say, the effect on 

production is small when the effective stress is low, 

but the effect is obvious when the effective stress can 

not be ignored. This means that the effect of stress 

sensitivity must be taken into account in the 

calculation of production for low permeability 

heterogeneous reservoirs when the effective stress is 

relatively high. Otherwise, there will be a great 

deviation in the calculation of production and the 

formulation of production systems.  

Then compare the effects of different ratios of 

particle diameters from Figure 4. Due to the 

relatively small ratio of particle diameters, under the 

same effective stress, the lower recovery rate of 

permeability, the more obvious the stress sensitivity. 

As a result, the production is lower. 

 

5. Conclusions 

In this paper, a production calculation function has 

been derived on previous work, and production 

prediction on core scale has been made using it. 

Based on the work presented, the following 

coclusion can be drawn: The stress sensitivity 

needed to be taken into cosideration when the 

effective stress cannot be overlooked in the design 

of developing plan for tight reservoirs; and the 

severity of the heterogeneity has a noticeable 

influence on the production. 
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(a) ratio of particle diameters(5:3) 

 
(b) ratio of particle diameters(4:3) 

Figure 2. The production results of core 1 

 
(a) ratio of particle diameters(5:3) 

 

(b) ratio of particle diameters(4:3) 

Figure 3. The production results of core 2 

 

Figure 4. Comparison  production results of different 

particle  diameters ratio 
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