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Abstract. Natural gas hydrate(NGH) is a clean resource with huge reserves. The depressurization method 
is an economical and effective exploitation method. In the process of depressurization, reservoir absolute 
permeability has an important influence on production results. Based on the data of Shenhu hydrate 
reservoirs, this paper established a depressurization production numerical simulation model. Then, the 
production performances such as pressure, temperature, gas production rate, cumulative gas production, and 
hydrate dissociation effect are all studied under different permeability conditions.study the change of 
reservoir pressure, gas production rate, cumulative gas production, reservoir temperature change and 
hydrate dissociation effect under different permeability conditions. Results show that higher permeability is 
conducive to the depressurization of hydrate reservoirs. 

1 Introduction 
Natural gas hydrate has attracted much attention of many 
countries, because of its  many advantages. Such as: high 
energy efficiency, huge reserves and low pollution 
characteristics[1]. The methods that have been suggested 
to exploiting NGH from hydrate bearing are 
depressurization, thermal stimulation, inhibitor injection, 
carbon dioxide replacement and solid fluidization. 
Among which the depressurization method does not 
need expensive heat injection equipment and its process 
is simple. It is considered to be the most economical and 
feasible development method[2]. The currently 
exploitation by depressurization in the sea regions of 
Nankai Trough off, South China Sea, Mackenzie Delta 
(CAN) and Siberia (RUS)[3-5]. 

At present, scholars have done many studies on 
hydrate exploitation by depressurization. Su et al. 
established a mathematical model of hydrate dissociation, 
and evaluated the production potential of Shenhu hydrate 
reservoir. The result showed that the depressurization 
production is mainly affected by production pressure[6]. 
Bai et al. used experimental and numerical simulation 
methods to study the dissociation of hydrate in reservoir 
and the result showed that production pressure has an 
important influence on the dissociation of hydrates. In 
the absence of icing, the lower the bottom hole pressure 
is, the higher the gas production is. In the presence of ice, 
lower bottom hole pressure may not be conducive to 
improving gas productivity[7]. Zhao et al. studied the 
temperature change during the dissociation process of 
hydrate by numerical simulation. Ji et al. studied 
depressurization process by numerical simulation and the 
results shows that permeability has an important 

influence on heat transfer and hydrate dissociation front 
movement rate[8]. Haligva et al. studied the production 
characteristics of natural gas hydrate by depressurization 
experiments. The results show that higher pressure 
reduction range has higher initial gas production rate and 
cumulative gas production[9]. 

In summary, the research of scholars mainly focused 
on effectiveness of hydrate depressurization, influence of 
production conditions and characteristics of 
depressurization, but the research of production 
characteristic by reservoir permeability is less. 
Geological conditions of actual reservoirs are complex 
and reservoir permeability plays an important role in the 
exploitation of NGH. The hydrate reservoir in Shenhu 
area of China is composed of single hydrate reservoir 
and impermeable upper and lower burdenrock. Shenhu 
hydrate reservoir has low permeability and poor mobility. 

This paper studied the gas production effect of 
different permeability by numerical simulation method. 

2 Shenhu hydrate model 
According to the mechanism of gas hydrate dissociation, 
establishing a three-dimensional model of Shenhu 
hydrate reservoir. The model involves three phases (gas 
phase, hydrate phase and water phase) and three 
components (methane, hydrate and water). Gas water 
two phase flow follows Darcy’ Law. The mathematical 
model for hydrate dissociation in porous media, which 
includes mass conservation equation, energy 
conservation equation, hydrate dissociation kinetics 
equation and auxiliary equation[10-15]. 

Based on the geological data of Shenhu hydrate 
reservoir, the size of the base model is 500m×500m× 
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90m, and the plane is divided into 25×25 grids. Each 
grid size is 20m×20m×30m. The 30m hydrate layer is 
vertically divided into 15 grids so the thickness of each 
layer is 2m. Fig. 1 shows the geological model of 
Shenhu hydrate reservoir. The thickness of the upper 
burden layer and the lower burden layer are both 30m. 
The upper and lower burden layers are meshed in the 
same manner as the hydrate layer. There is no material 
exchange between the burden layer and the hydrate layer, 
but energy exchange. Table 1. shows the model 
parameter of Shenhu hydrate reservoir. 

 
Fig. 1. Geological model of hydrate reservoirs in Shenhu area 

Table 1. Fundamental parameters of Shenhu hydrate reservoir 

Parameter Value 
Water depth H 1273.8 m

reservoirdepth L 220 m 
overburden thicknessΔZO 30m 

HBL thickness ΔZH 30 m 
underburden thickness ΔZU 30 m 

Initial pressure P 14.14 MPa
Initial temperature T 14.2 ℃ 

Initial porosity φ 0.33 
Rock specific heat CR 1000 (J•kg-1•°C-1)

Rock thermal conductivity λR 338700J•m-1•d-1•℃-1 
Initial hydrate saturation Sh 0.4 
Initial water saturation Sw 0.6 

Initial gas saturation Sg 0 
Burdenillary force model 
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3. Results and discussion 
This paper mainly studies the production effect under 
different permeability K0. Through investigating the data 
of Shenhu hydrate reservoir, results show that the 
permeability of Shenhu hydrate reservoir is between 
1~10 mD. Therefore, 6 cases with different permeability 
are designed, which is shown in Table 2[16]. 
 
 
 

Table 2. Reservoir permeability of different cases.  

Case Permeability 
K0/mD 

Case 1 1 
Case 2 2 
Case 3 4 
Case 4 6 
Case 5 8 
Case 6 10 

3.1 Effect on Reservoir Pressure 

Fig. 2 shows the variation of average reservoir pressure 
vs. time in different cases. The change trend of average 
pressurein six cases is similar. The process can be 
divided into the following stages: First, the pressure 
decline sharply as the production of free water. Then, the 
hydrate dissociates gruadually so that the gas and water 
are released slowly. Finally, due to the complete 
dissociation of the hydrates in the reservoir, the reservoir 
pressure is almost stable. Fig. 3 shows the pressure 
distribution in the middle of the reservoir at 3000 days in 
different cases. It can be seen that there pressure fronts, 
which spread form bottom hole. The pressure front of 
case 5 and case 6 have spread to the model boundary at 
3000 days, so the pressure front is not visible. 

 
Fig. 2. Average pressure vs. time in different permeability 

cases (7305 days) 

3.2 Effect on gas production 

Figure 4 shows gas productivity and cumulative gas 
production in different cases. It can be found that the gas 
production process can be divided into three stages: First, 
the reservoir pressure decreases but is still than 
equilibrium pressure. The gas production rate is 0. Then, 
with the development go forward, the reservoir pressure 
is lower than the phase equilibrium pressure which 
causes hydrate beginning to dissociate. With the 
dissociation of NGH, porosity and permeability increase, 
which leads to gas production rate improved. Finally, the 
gas production rate decreases gradually after reaching 
the maximum value. With the increase of reservoir 
permeability, the initial gas recovery rate is faster. And it 
costs less time in reaching the maximum gas production 
rate. In 7305 days of simulation, cumulative gas 
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production of case 4, case 5 and case 6 is relatively high. 
And the results of these cases are similar. On account of 
the low permeability of case 1, the reservoir pressure is 
relatively high. The pressure decrease slowly and leading 
to the low cumulative gas production ultimately. 

 
Fig. 3. Planar pressure distribution in the middle of reservoir 

under different cases (3000 days) 

 

Fig. 4. Gas production rate and cumulative gas production in 
different cases (7305 days) 

3.3 Effect on reservoir temperature 

Fig. 5 shows the average temperature variation of 
reservoirs in different cases. The temperature variation 
trends of six different cases are similar and it can be 
divided into three stages as follows: First, in the initial 
stage of exploitation, free water in reservoir is extracted, 
hydrate does not dissociate and reservoir temperature 
remains unchanged, because reservoir pressure is higher 
than phase equilibrium pressure. Then, with the 
development go forwardas development progresses, 
when reservoir pressure is lower than phase equilibrium 
pressure, the hydrate begins to dissociate, and the 
dissociation rate of hydrate increases gradually in the 
early stage of development. The heat absorbed by 
hydrate dissociation increases gradually. The average 
temperature of the reservoir dropped rapidly. In the later 

stage, the heat absorbed by the hydrate dissociation is 
reduced due to the decrease in of hydrate saturation. The 
average temperature of the reservoir decreases slowly. 
Fig. 6 shows the planar temperature distribution in the 
middle of reservoir under different cases. It can be seen 
intuitively that reservoir temperature decreases with the 
decrease of hydrate saturation. The results show that the 
higher the permeability, the faster the cooling rate of the 
reservoir. Moreover,  While the reservoir temperature at 
the same location is lower. However, the heat provided 
by the upper and lower burden layerscap rocks and the 
heat absorbed by hydrate dissociation increase, so the 
temperature plane distribution in the same case has little 
difference. 

 
Fig. 5. Average temperature of reservoir in different cases 

(7305 days).  

 

Fig. 6. Planar temperature distribution in the middle of 
reservoir under different cases (3000 days).  

3.4 Effect on reservoir hydrate saturation 

Fig. 7 shows the variation of reservoir hydrate volume in 
different cases. The trend of 6 cases are similar. In the 
early stage of exploitation, due to the dissociation of 
hydrate, t the decompression depressurization effect is 
gradually enhanced. Therefore, the decline rate of 
average hydrate saturation decline rate of the reservoir is 
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gradually increasing. At the later stage, the saturation of 
the hydrate keeps low. The reason is that the dissociation 
rate of hydrate decreases. In the case of low permeability 
(1~2mD), the dissociation rate of hydrate is slower and 
their dissociation trends are quite different from other 
cases. 

 
Fig. 7. Hydrate volume of reservoir in different cases (7305 

days).  

4 Conclusion 
(1) High permeability is benefital to the flow of gas and 
water in reservoirs, the movement of pressure front is 
promoted and the average reservoir pressure decreases 
faster.  

(2) The saturation of hydrate reservoir decrease 
quickly under the high permeability condition. And the 
energy absorbed by hydrate dissociation is mainly 
supplied by the hydrate layer and the top-bottom layers. 
So the average temperature of hydrate reservoir 
decreases quickly under the high permeability condition.  

(3) Gas production rate is higher under the condition 
of high permeability. And it can reach the peak quickly. 
When the permeability is high (6~10mD), the 
cumulative gas production of several cases is similar. 
When the reservoir permeability is low, the effect of 
depressurization is not obvious. So the method of 
reservoir permeability modification can be carried out to 
increase the hydrate dissociation and gas productivity. 
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