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Abstract. Underground gas storage is the best choice for natural gas resource reserve and peak value. Storage 
capacity of underground gas storage and single well injection and production capacity are the key indicators 
of shaving capacity. This paper focuses on research of expansion of gas storage and the stimulation of 
injection and production capacity of single well of a basin in Western China. Firstly, based on the study of 
two-phase seepage law of gas and water, a numerical simulation model coupling high velocity non-Darcy 
effect and gas-water two phase seepage is established; Secondly, the influencing factors of single well 
injection and production capacity are analysed. Finally, acidizing can effectively improve the single well 
injection and production capacity of well. The numerical simulation result shows that the injection and 
production differential pressure is reduced by 70%, and gas injection and production volume are increased by 
14.8% and 26.9%.  
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1. Introduction 
As a clean energy, natural gas is seriously uneven in 
distribution, and is easily affected by climatic conditions, 
civil consumption and other factors. Underground gas 
storage is the efficient measurement choice for natural gas 
resource reserve and peak value. Underground gas storage 
can be divided three types: depleted oil and gas fields, 
water bearing structures and salt caves. Underground gas 
storage can solve the problem of uneven urban gas 
consumption, which plays a important role for seasonal 
peak shaving. The capacity, safety and economy of 
underground gas storage are better than those of ground 
metal gas storage tanks. 
Storage capacity is the gas volume corresponding to the 
movable gas of formation affected by pressure in the 
process of high-velocity injection and production. Storage 
capacity, single well injection and production capacity are 
key indicators of shaving. Improving the injection and 
production capacity of single well is an efficient measure 
for expansion of gas storage capacity. This paper focuses 
on the measures to improve the injection and production 
capacity of a single well in an underground gas reservoir 
reconstructed from a depleted gas reservoir in a basin in 
Western China. Firstly, numerical simulation model of 
single well in the basis of gas-water two-phase seepage is 
established. Secondly, the key factors affecting the 
injection and production capacity of a single well are 
analysed. The result of numerical stimulation shows that 

acidizing can effectively improve the injection and 
production capacity of a single well. 

2. Numerical simulation model of single 
well 

2.1 Physical model 
A underground gas storage in western China is 
reconstructed from depleted gas reservoir, its lithology 
belongs to tight sandstone, and the micro fractures in the 
reservoir are not developed. In the process of gas reservoir 
injection and production, especially during gas supplying 
in winter, the influence of high velocity non-Darcy effect 
on gas seepage can not be ignored. When considering the 
high velocity non-Darcy effect and gas-water two-phase 
flow, the assumptions of the physical model of gas 
transport in reservoir are as follows: 
(1) There are only two kinds of fluids in gas reservoir, 
natural gas and water, and the gas phase is insoluble in 
water phase; 
(2) The compressibility coefficient of slightly 
compressible rock and water are constant, and gas is 
easily compressible; 
(3) The effects of capillary force and gravity of two-phase 
are considered in the matrix system; 
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(4) The influence of high velocity non-Darcy effect is 
considered in gas flow, and the water phase is Darcy 
seepage. 

2.2 Mathematical model 
(1) Seepage control equation 
Based on the principle of mass conservation, the 
continuity equation of gas-water two-phase flow can be 
described as follow: 
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Where, φ is porosity, %; ρg, ρW are density of gas and 
water in reservoir pressure condition, kg/m3; vg and vw are 
seepage velocity, m/s; sg is gas saturation, %; sw is water 
saturation; qg and qw are injection and production volume 
in micro element, injection is positive and recovery is 
negative (kg / (m3ꞏs)); δg and δw are well point function, 
at the well point δ=1, and at non well point, δg=0. 
The influence of high velocity non-Darcy effect on gas 
transport in porous medias can’t be ignored, in the process 
of gas injection and production of underground gas 
storage. According to Forchheimer equation, the 
expression of gas motion equation considering the 
influence of high velocity non-Darcy effect is shown as 
follows: 

g g
g

2g +=p v v
K





r r

                      (3) 

In order to describe high velocity nonlinear seepage in 
porous medias, turbulence factor ξ is introduced in the 
motion equation. The expression of turbulence factor is as 
follows: 
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The following empirical formula of non-Darcy coefficient 
for multiphase flow β can be described as follow: 
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Therefore, the motion equation of gas considering only 
considering the influence of high velocity non-Darcy can 
be rewritten as: 
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Then the governing equations of gas-water two-phase 
transport in the rock of underground gas storage are 
shown as: 
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Where D is vertical height below seepage datum, m. 
Gas and water saturation satisfy the following equation: 
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The capillary pressure satisfies the following equation: 
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Where pc is capillary force between gas phase and water 
phase. 
(2) Initial conditions 
In the process of injecting gas into the underground gas 
storage, a certain time is selected as the initial time. It is 
necessary to determine the initial distribution of pressure 
and saturation at various points in the gas storage. Then, 
the distribution of pressure and fluid saturation in the gas 
storage at the initial time is shown as follows: 
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(3) Outer boundary condition 
A underground gas storage is a closed sandstone gas 
reservoir without marginal and bottom water. Therefore, 
the outer boundary conditions can be written as follows: 
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 represents derivative of the pressure on the 

normal direction of outer boundary; Γ is the outer 
boundary of the gas reservoir. 
(4) Inner boundary condition 
When the well production rate is constant, Dirac function 
can be used to deal with the well point due to wellbore 
radius is particularly smaller than well spacing. The 
production of grid blocks can be expressed as: 

     g g, , , , ,q i j k t tq i j k              (13) 

Where δ(i, j, k) is Dirac function, which is equal to 1 when 
well is in the grid block, and equal to 0 when there are no 
wells. 
When the bottom hole flow pressure is constant, the 
production in the grid block (wells in the grid block) is 
satisfied steady flow. According to Peaceman model, the 
production of wells in the grid block can be expressed as: 
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Where h is effective thickness of gas reservoir, m); re is 
equivalent radius of grid block, m; S is skin factor; α is 
unit conversion factor, which is equal to 0.0864. 

2.3. Numerical simulation model 
Based on mathematical model of gas-water two-phase 
flow in gas storage, the solution of the numerical model 
can be deduced by finite difference method. The 
formation parameters of underground gas storage is 
shown in table 1. 
 

Table 1. Parameters of reservoir for model construction 

 
The relative permeability curve and rock compressibility 
coefficient curve used in the digital simulation process are 
shown in Figure 1. 

 

 
Figure 1. Relative permeability curve and reservoir 
compressibility for model construction 

 
The numerical simulation model single well in 
underground gas storage is as shown in Figure.2, the 
horizontal section length is 1000m. The actual size of gas 
reservoir established in this paper is 2000m× 1000m× 
100m, and the gas reservoir is divided into 42×24×1 grids.  
 

 

Figure 2. Numerical simulation model of single well in 
underground gas storage  

3. Measurement of simulation  
Figure 3 shows log-log plot of pressure and pressure 
derivative via time of pressure build up test of a gas well 
in the gas storage. The skin factor of the well is 5, 
indicating that there is existing high pollution near the 
wellbore. 
 

 
Figure 3. Double logarithmic curve of pressure and pressure 
derivative with. time  

 
As shown in equation (14) and (15), the factors affecting 
the injection production capacity of gas wells including 
reservoir permeability, thickness, skin factor, wellbore 
radius, etc. For gas wells, the reservoir permeability and 
thickness can’t be changed. Removing the pollution near 
the wellbore can improve the productivity of a single well. 
Acidizing is usually used for plug-release in the formation 
nearby wellbore. The purpose of acidizing is reducing 
skin factor to increase production capacity of gas well. 

4. Result of numerical simulation  
Acidizing can reduce skin factor of gas well, so the skin 
factors of acidized and none acidized gas wells in 
numerical simulation model are 0 and 3. The reservoir 
parameters used in simulation models are shown in table 
1.The injection and production rate are respectively 
33.64× 104m3/d and 60×104m3/D in the numerical 
simulation model, and simulation results are shown in 
figure 4 and 5. Figure 4 shows the bottom hole pressure 
and flow pressure in the process of injection and 
production. Simulation results shows that the pressure 
difference between reservoir pressure and flowing 
pressure is 5MPa for gas well without acidizing. After 
acidizing, pressure difference in the process of injection 
and production is reduced to 1.5MPa. 
 

 
Figure 4. Pressure difference between reservoir pressure and 
flowing pressure in the process of injection and production 
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Figure 5 shows the cumulative injection and production 
gas volume of acidized and none acidized gas well. The 
cumulative injection and production gas volume of the gas 
well without stimulation are 1.49×108m3 and 4.95×107m3, 
respectively. The cumulative injection and production gas 
volume of the acidized gas well are 1.71×108m3 and 
6.28×107m3, respectively. After acidizing, the injection 
and production capacity are increased by 14.8% and 26.9% 
respectively. 
 

 
Figure 5. simulation results of cumulative injection production 
gas volume between acidized and none acidized gas well 

5. Conclusion 
(1) Based on multiphase seepage theory, a numerical 
simulation model considering high velocity non-Darcy 
effect and gas-water two-phase seepage is established. 
(2) Acidizing is important measures to improve the 
injection production capacity of single wells in 
underground gas storage. After acidizing, the differential 
pressure in the process of injection and production of gas 
wells in underground gas storage are decreased by 70%, 
and the injection and production capacity increased by 
14.8% and 26.9%. 
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