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ABSTRACT 
 Gas hydrate is an ideal alternative energy source 

with high energy density and low combustion pollution. 
Based on the different distribution of methane hydrate, 
free gas and free water, gas hydrate deposits can be 
classified into four classes (Class 1, 2, 3 and 4). 
TOUGH+HYDRATE was used to simulate the dissociation 
process of depressurization in gas and water excess Class 
2 and 3 methane hydrate deposits. The initial state and 
production pressure selection were the same as the 
experimental results. The simulation results were 
compared with the experimental results. In water excess 
condition, gas production volume in simulation is 1/3 
higher than that in experiment, except hydrate 
production under 2.0 and 2.3 MPa in Class 3 deposit. It 
was found that the minimum temperature in simulation 
is larger than that in experiment during depressurization 
in Class 2 and 3 methane hydrate deposits when gas is 
excess. 
 
Keywords: methane hydrate, depressurization, water 
excess, gas excess 
 

1. INTRODUCTION 
As a new type of potential fossil fuel resource, 

natural gas hydrates have been widely investigated in 
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recent years[1, 2], with the final goal of recovering 
natural gas safely and efficiently[3-5]. At present, it’s 
considered that there are four classes natural gas 
hydrate deposits (Class 1, 2, 3 and 4)[6]. The distribution 
difference of methane hydrate, free gas and free water 
in these four types of deposits results in different 
production rate and temperature properties during 
exploitation. A variety of techniques have been applied 
in laboratory studies of gas hydrate production 
experiments in order to quantify the gas production rate, 
spatial distributions of in-situ phase saturations and P-T 
properties[7-9]. However, experimental researches 
mainly focus on Class 1, 2, 3 deposit. As no upper and 
lower impermeable layer exist in Class 4 deposit and 
hydrate saturation is low, this type of deposit is not 
considered as a mining target. Researches on these four 
classes of gas hydrate deposit exploitation is mostly 
limited to simulation. Although hydrate formation and 
dissociation properties by experiment and simulation 
methods have been compared by Zhang et al.[10, 11], 
hydrate production in different types of hydrate deposits 
need further interpreted.  
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Fig.1 Four types of hydrate deposits[6] 

2. RESEARCH METHODS 

2.1 Experiment method 

Experimental system and method were described in 
previous article and experimental system is shown in 
Fig.2 [12].  

 

 
Fig. 2 Experimental system for hydrate formation and 

dissociation 
 

2.2 Simulation method 

The simulations in this study were conducted by the 
T+H code[13], a numerical simulator developed at the 
Lawrence Berkeley National Laboratory (LBNL) to model 
the non-isothermal behavior of methane production, 
phase change and flow. It can simulate conditions where 
typical of methane hydrate deposits by solving the 
coupled equations of fluids and heat balance associated 
with such systems. MeshMaker application[13] was used 
to construct the grid of the 2D axisymmetric cylindrical 
simulation domain, which is shown in Fig.3. That 
represents the accurate geometry of the high-pressure 
reactor shown in Fig. 2. A very fine spatial discretization 
was used for maximum accuracy. The interior of the 

reactor with a radius r=51.5 mm was discretized into 26 
subdivisions (1×Δr=1.5mm and 25×Δr=2.0 mm), and the 
reactor wall thickness (dwall=6.0 mm) was discretized 
into 2 subdivisions (2×Δr=3.0 mm) in order to accurately 
capture heat transport between the interior of the 
reactor and the circulating. The internal height of the 
reactor is 120 mm, which was discretized into 48 
subdivisions (48×Δz=0.25 mm). The top and bottom is 15 
mm (3×Δz=0.5 mm). The whole reactor was discretized 
into 29×54=1566 subdivisions.  
 

 
Fig. 3 Schematic of the mesh of the simulation domain 

3. RESULTS AND DISCUSSION 

3.1 Gas production properties in experiment and 
simulation 

 
Fig. 4 Gas production in Class 2 deposit with water 

excess 
 

Gas production properties in Class 2 deposit with 
water excess is shown in Fig.4. Hydrate dissociate under 
a range of production pressure :2.0 MPa, 2.3MPa,2.6 
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MPa and 3.0 MPa in this study. As shown in Fig. 4, 
simulation gas production volume is higher than 
experimental results. Simulation results curves have 
similar shape under different production pressure in 
Fig.4. That means hydrate dissociate continuously but 
production pressure has effect on hydrate dissociation 
ending time. The ending time gets longer with 
production time increasing, which is similar in 
experiment. When production pressure becomes higher, 
hydrate dissociation driving force get smaller and then 
hydrate dissociate slower. Under 2.0 and 2.3 Mpa, gas 
products faster in experiment than simulation, which is 
contrary under 2.6 MPa and 3.0 MPa. 

Comparison of the simulation and experiment result 
about gas production in Class 3 deposit with water excess 
is shown in Fig.5. The same rules were found in Class 3 
deposit with Class 2. Experimental gas production 
volume are higher than simulation result under 2.0 MPa 
and 2.3 MPa. However, the experimental and simulation 
results are much closer in Class 3 deposit under 2.0 MPa 
and 2.3 MPa. In Class 2 and Class 3 deposit, gas 
production rate has the same rules. Under 2.0 and 2.3 
MPa, experiment gas products faster at the initial time. 
When the production pressure increases to 2.6 and 3.0 
MPa, gas products faster in simulation form initial time. 
 

 
Fig.5 Gas production in Class 3 deposit with water 

excess 

3.2 Temperature properties 

Temperature changes during hydrate production in 
simulation and experiment is shown in Fig.6. 
Temperature changes are seriously different between 
experiment and simulation. In experiment when 
methane hydrate dissociated for about 30 min, the 
temperature researches to the lowest point which is -

1.7 ℃, but the lowest temperature just drops to 0.5 ℃ 

in simulation. That could be caused by several reasons. 
First, the expression of TOUGH+HYDRATE Joule-
Thomson effect maybe not accurate, or the temperature 
changes caused by gas expansion is different due to the 
different gas flow in the process of experiment and 
simulation. Second, the initial condition is above hydrate 
equilibrium curve in simulation. When the simulation 
starts, the condition at this time could cause hydrate 
formation before original hydrate dissociate. Hence, at 
the initial period of dissociation, decomposed hydrate is 
less than formed hydrate, which break the balance of 
heart. That means formed hydrate is more than 
decomposed hydrate. Then released heat from hydrate 
formation makes temperature much higher. 

 

 
Fig.6 Temperature changes when methane hydrate 

dissociates under 2.3 MPa in Class 2 deposit with gas 
excess 

The methane hydrate saturation, temperature, 
water saturation and methane saturation distribution of 
gas-excess Class 2 deposits under 2.3 MPa production 
pressure is shown in Fig.7. Hydrate didn’t dissociate 
before 120 min, but due to the free gas release, the 
temperature of methane hydrate region started to 
decrease. In methane hydrate region, the temperature 
increases radially from the central position to the edge. 
The reason for this phenomenon is that the free gas 
release causes the Joule-Thomson effect, resulting in the 
decrease of temperature. However, there is no heat 
source in the hydrate reservoir, and the surrounding 
environment transfers heat inward. Temperature 
distribution has relationship with hydrate saturation, 
water saturation and gas saturation. 
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Fig.7 The methane hydrate saturation, temperature, 

water saturation and methane saturation distribution of 
gas-excess Class 2 deposits under 2.3 MPa backpressure 

 

4. CONCLUSION 
Experiment and simulation results about hydrate 

production in Class 2 and Class 3 deposit were compared 
in this study. In water excess condition, gas production 
volume in simulation is 1/3 higher than that in 
experiment except hydrate production under 2.0 and 2.3 
MPa in Class 3 deposit. It was found that the minimum 
temperature in simulation is larger than that in 
experiment during depressurization in Class 2 and 3 
methane hydrate deposits when gas is excess. Multi-
phase distribution should be further studied by 
experiment and simulation. 
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