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1. Introduction 

With the continuous development of petroleum in-

dustry, tight oil and gas reservoirs will occupy an increas-

ingly important position in the oil and gas resource strategy. 

The seepage characteristic is the key research content of 

tight reservoir. During the drilling and development process, 

the formation pressure changes and the seepage characteris-

tics of the reservoir rock also change correspondingly. The 

effective stress is gradually increasing with formation fluid 

production, which led to reservoir deformation, and porosity 

and permeability decrease. This phenomenon is called stress 

sensitivity, which would produce negative impact on oil and 

gas field exploration [1-5]. Therefore, a number of scientists 

had regarded stress sensitivity as an important research sub-

ject.  

In order to correctly evaluate the stress sensitivity 

of reservoir, a lot of researches have been carried out. Usu-

ally, the stress sensitivity experiments of clean sandstone 

and shale were conducted by increasing confining pressure 

at first and decreasing later [6-9]. The results show that the 

permeability is decreasing with confining pressure increas-

ing. When the confining pressure decreased, the sandstone 

samples had different permeability recovery. The permea-

bility of clean sandstone can recover to 96% of initial per-

meability. The permeability of shale can recover to 40% of 

initial permeability. It shows that the loss of permeability 

cannot be entirely eliminated caused by effective stress 

changed. The elastic deformation and plastic deformation 

exist at the same time [10]. The study showed that the per-

meability has a significant change with the stress changed, 

and cannot be ignored. The stress sensitivity of porosity is 

weak, and can be ignored [11-14].  For tight gas reservoirs, 

the stress sensitivity is very serious. The ratio of permeabil-

ity loss reaches to 90%, which cannot ignore [15]. Through 

theoretical analysis, it is concluded that the pore pressure 

decreasing can lead to the effective stress of the rock in-

creasing, resulting in the compression of the pore space and 

the decrease of pore space, which eventually leads to per-

meability decreasing [16]. The fracture is the key factor af-

fecting the stress sensitivity of rock. Due to the existence of 

fracture, the stress sensitivity varies with the loading rounds 

[17]. Jones et al. proposed to define the stress sensitivity of 

rock by the ratio of the change of permeability to the change 

of stress [18]. Scanning electron microscope (SEM) images 

show that the change of throat shapes and throat size have a 

big impact on permeability [19]. The exploitation speed of 

reservoir with stress sensitivity below the reservoir without 

stress sensitivity, but the stress sensitivity of permeability 

have nothing to do with ultimate recovery [20]. 

Accurate evaluation of stress sensitivity is an unu-

sual job, but it has taken a great deal of research to work out 

how to successfully test different types of rock and different 

pressure conditions. However, the previous studies had not 

considered the time impact on stress sensitivity. As we 

know, the rock exist creep, which is the deformation of rock 

increasing slowly with time under constant load [21-24]. So, 

this paper presents experimental study on stress sensitivity 

considering time effect for tight gas reservoirs. 

2. Stress sensitivity 

The stress sensitivity of reservoir is physical pa-

rameters varying with stress including permeability and po-

rosity. The reservoir rock has to bear the gravity of the over-

lying strata and the fluid pressure in the pore at the same 

time. In the production process, the overburden pressure Pe 

is considered as a constant in general. The initial reservoir 

pressure Pi decreases to a specific value P with fluid con-

stantly producing. The rock framework and pore are com-

pressed, which lead to the permeability changed. The sketch 

of stress sensitivity is shown in Fig. 1. 
 

 
 

Fig. 1 Sketch of rock stress sensitivity during production 

 

Considering the permeability stress sensitivity, the 

permeability damage rate can be expressed as: 

 

100%,i

i

K K
D

K


 ; (1) 

 

where: D is permeability damage rate; Ki is the permeability 

at the first pressure Pi in the experiment; K is the permeabil-

ity at a certain pressure P in the experiment.   

2.1. Instantaneous stress sensitivity (ISS) 

The conventional evaluation methodology of stress 

sensitivity holds that the rock framework has completed the 

deformation in a short time. So, the compression time of 

core in the stress sensitivity experiment was set to 30 

minutes based on oil and gas industry standard. However, 
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during the study on the stress sensitivity of tight gas reser-

voir, the deformation of rock framework cannot complete in 

such a short time (about 30 minutes) was found in many 

rock creep experiments.  

Creep is as a reflection of time effect for rock, and 

the influence of rock mass engineering is not negligible. The 

development of rock creep is related to rock type, stress state 

of rock mass, stress history, stress path, temperature, mois-

ture content and pore water pressure. The typical creep 

strain and time curves are shown in Fig. 2.  When the stress 

intensity ratio is lower than a certain threshold, the rock 

strain - time curve is shown in curve 1. When the stress in-

tensity ratio is far greater than the threshold value, the rock 

strain - time curve is shown in curve 3. In addition to these 

two conditions, rock under the action of constant stress, as 

well as general rheological materials, strain - time curve 

consists of three parts: the initial stage, stable stage and ac-

celerating stage, such as curve shown in curve 2. 
 

 
 

Fig. 2 Curves of creep strain to time of rock 

 

The essence of rock creep is the movement change 

of microstructure under constant stress, including the diffu-

sion of lattice defects, the opening of cracks and the defor-

mation of grain.  That is, the rock framework can continue 

deformation as time goes on. So, the conventional evalua-

tion methodology is called ISS in this paper. The sketch of 

ISS is shown in Fig. 3.   
 

 
 

Fig. 3 Sketch of ISS 

 

2.2 Delayed stress sensitivity (DSS) 

 

In the same overburden stress and reservoir pres-

sure, the rock framework and pore are compressed continu-

ously as time goes on, which means that the stress sensitivity 

is related to time. This is the manifestation of rock creep.  
 

 
 

Fig. 4 Sketch of DSS 

The creep causes the deterioration of the mechani-

cal properties of rock, which belongs to the category of dam-

age. Damage is generally understood from three perspec-

tives: microscopic, micro and macro. In this paper, the con-

tinuous stress sensitivity is called DSS. The sketch of DSS 

is shown in Fig. 4.  

3. Experimental section 

3.1. Core sample 

The core samples were from Ordos basin, which 

are shown in Fig. 5. The core samples were from lower 

Shihezi formation. The samples were dark grey. The sam-

ples are very compact and homogeneous. Field-emission 

scanning electron microscope (FESEM) and nanometer 

computed tomography (NCT) were employed to character-

ize micro pore structure. The nanoscale pores throat are 

widely developed in the tight reservoir. The main pore types 

are secondary solution pores and intergranular micropore 

and little primary pores. In order to meet the experiments 

demands, the core samples were processed into short cores. 

For one core, the mineral components are analyzed by X-

ray diffraction (XRD). The test results are shown in Fig.6. 

The clay minerals content was 49.1%. 

 

 
 

Fig. 5 Experimental samples 

 

 
 

Fig. 6 Mineralogical contents of core sample (%) 

3.2. Experimental setup 

The experimental setup consists mainly of the fol-

lowing devices: 1. A high pressure stainless-steel gas cell 

(0-70 MPa; ≤150 oC; 1000 mL) was used to store and deliver 

gas. 2. A core holder (0-100 MPa; ≤150 oC) was used to re-

alize the core which can be compressed same as reservoir 

conditions. 3. A confining pressure pump was used to main-

tain the pre-specified pressure inside the cell during the tests 

(pressure 0-40 MPa; pressure accuracy, 0.1%). Several ma-

jor actual photos of device are shown as Fig. 7. 
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Fig. 7 Schematic of the experimental setup 

 

 

a 

 

b 

 

c 

 

d 

Fig. 8 The relation curves between permeability and load 

time of effective stress  

 

 

3.3. Experimental procedures 

 

In order to study the stress sensitivity of permea-

bility in the tight gas reservoir exploitation process, the rock 

framework’s effective stress σ should be calculated. In the 

research block, the overburden pressure Pe is 63.31 MPa, 

and the initial reservoir pressure Pi is 24.17 MPa. The rock 

framework’s effective stress can be obtained as follows: 

σ=63.31-24.17=39.14 MPa. The experiments were per-

formed by the following procedures: 1. First, four short 

cores using in tests were from the full size cores. The two 

end surfaces should smooth. The benzene and alcohol (1:4) 

were used to clean the cores last about five to seven days, 

and then the cores were dried in an incubator under 90oC 

last six hours. 2. The flowing pressure Pf was kept constant 

at 0.53 MPa to test the permeability. Different effective 

stresses were pre-set for different cores. The effective stress 

was changed by confining pressure Pc varied. The properties 

and stress conditions of short cores used in experiments are 

shown in Table 1. The porosity and permeability are ex-

pressed as φ and K respectively. 3. The confining pressure 

was set based on Table 1 for every core. The permeability 

was tested and recorded every once in a while. 

Table 1 

Properties and stress conditions of cores sample 

NO. φ, 

% 

K, 

10-3μm2 

Pf, 

MPa 

Pc, 

MPa 

σ, 

MPa 

A1 6.94 0.0601 0.53 10.53 10 

A2 6.81 0.0571 0.53 20.53 20 

A3 6.56 0.0552 0.53 40.53 40 

A4 5.42 0.0512 0.53 45.53 45 

3.4. Experimental results 

Based on the above experimental procedures, the 

cores is tested. The curves of permeability with time were 

obtained at different rock framework’s effective stress, 

shown in Fig. 8.  

 

4. Discussion 

Take a core (A4) as an example, the relation curve 

between permeability and load time of effective stress was 

shown in Fig.8. The permeability falls from 0.0512×10-3μm2 

to 0.0221×10-3μm2 within half an hour rapidly, named as ISS. 

From 0.5 h to 720 h ， the permeability falls from 

0.0221×10-3 μm2 to 0.0192×10-3μm2 rapidly, called as DSS. 

It is evident from Fig. 9 that the permeability was still falling 

as time passed. 

 

 
 

Fig. 9 The relation between ISS and DSS 
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After further analysis the data of DSS, the descend-

ing rates of permeability are different during different time 

periods. As shown in Figs. 10–13, the permeability can be 

divided into two distinct phases. In the first 100 hours, the 

permeability decreased greatly, and after more than 100 

hours, the rate of permeability changed gradually.   

By analyse the experiment results, it shows that the 

stress sensitivity of permeability is time-related. More pre-

cisely, the permeability of core samples decreased continu-

ously with the prolonging of pressurization time. With the 

increase of pressurization time, the permeability decrease 

rates gradually reduced. The value of permeability de-

creases rapidly within 30 minutes. The permeability and 

time fitted linear relation. About 100 hours later, the perme-

ability and time fitted exponential equation. Through analy-

sis of the experiment results, it shows that the closure of pore 

throat is an evolutionary process, caused by creep properties. 
 

 
 

Fig. 10 Fitting curves of DSS (A1) 
 

 
 

Fig. 11 Fitting curves of DSS (A2) 
 

 
 

Fig. 12 Fitting curves of DSS (A3) 

 

By fitting the permeability and time, two functions 

were obtained to describe the relationship between permea-

bility K and time. Combining with the ISS, the stress sensi-

tivity of permeability considering time effect is shown in 

Table 2.  

 

 
 

Fig. 13 Fitting curves of DSS (A4) 
 

Table 2  

Fitting results of permeability stress sensitivity  

NO. 
K,10-3μm2 

t=0.5 h t1≤t≤t2 t2≤t 

A1 K=0.0423 K=-3×10-6t+0.042 K=0.0417e-0.00002t 

A2 K=0.0371 K=-6×10-6t+0.0367 K=0.0361e-0.00002t 

A3 K=0.0321 K=-7×10-6t+0.0318 K=0.0311e-0.00008t 

A4 K=0.0221 K=-9×10-6t+0.0218 K=0.0206e-0.0001t 

The damage rate of permeability Dt was quantita-

tive described the level of damage of stress sensitivity on 

permeability, as shown in Eq. (2). 

 

( )
100%.i

t

i

K K t
D

K


 ; (2) 

 

Based on Eq. 2, the results were shown in Fig. 14. 

The damage rate of permeability is no longer a fixed value, 

but changes as time. It indicates that the conventional eval-

uation method of permeability damage rate is not accurate. 

The conventional evaluation method underestimated the 

damage degree of stress sensitivity to reservoir. Therefore, 

it is necessary to promote the new method in this paper. 
 

 
  

Fig. 14 The relation curves between damage rate of perme-

ability and time 

As seen in Fig. 15, it shows the morphology of dif-

ferent clay minerals. By the X-ray, the average clay mineral 

content of the four cores was 49.1%.  The Previous studies 

have shown that the content of different minerals in rock is 

the main factor controlling its mechanical properties, and 

the content of quartz is positively correlated with Young’s 

modulus. The clay minerals were also positively correlated 
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with Poisson’s ratio. The brittle minerals can improve the 

rigidity of rocks, while clay minerals have strong creep 

properties. This is the reason why DSS appears in tight sand-

stone. 
 

  

  
 

Fig. 15 SEM images of clay minerals 

 

5. Conclusions 

 

Experimental studies were performed to investi-

gate the stress sensitivity considering time effect for tight 

gas reservoirs. As a result of our experiments, conclusions 

can be drawn as follows: 

1. For tight gas reservoir, the pressure declines, 

and effective stress increase correspondingly, which could 

cause pore throat close. Though the tests in this paper, it 

shows that the pore is a process of gradual closure, which 

led the permeability decreases gradually as time passed.  

2. In this paper, a new stress sensitivity evaluation 

method for tight reservoir is presented considering time ef-

fect. The stress sensitivity for tight reservoir is divided into 

two phases on time scale，which are ISS and DSS respec-

tively.  

3. When evaluated stress sensitivity for tight reser-

voir level, the load time of stress effective should continue 

until delayed stress sensitivity comes. 
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Xiangrong Nie, Junbin Chen, Shaomin Yuan 

EXPERIMENTAL STUDY ON STRESS SENSIVITY 

CONSIDERING TIME EFFECT FOR TIGHT GAS 

RESERVOIRS 

S u m m a r y 

Stress sensitivity is a crucial engineering problem 

in the process of tight gas reservoir development. In this 

work, the experiments about tight gas reservoirs are per-

formed by confining pressure for a long time to simulate 

tight gas reservoirs under pressure for a long time during 

production process. The cores used in the test were from Or-

dos Basin, which is a typical tight gas reservoir. The results 

show that the stress sensitivity is increasing with compres-

sion time extended. Evaluation method for stress sensitivity 

about tight reservoirs was established based on time scale. 

The stress sensitivity for tight gas reservoirs was divided 

into two feature segments from time scale, which were 

named instantaneous stress sensitivity and delayed stress 

sensitivity. The conventional evaluation method for stress 

sensitivity about tight reservoirs has only considered the in-

stantaneous stress sensitivity, and the delayed stress sensi-

tivity has been ignored. The new method can more accu-

rately simulate the stress sensitivity for tight gas reservoir, 

which has great guiding significance in rational develop-

ment for tight gas reservoir. 

Key words: tight gas reservoirs, stress sensitivity, effec-

tive stress, permeability. 
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