
Selection and peer-review under responsibility of the scientific committee of the 12th Int. Conf. on Applied Energy (ICAE2020). 
Copyright ©  2020 ICAE  

 

International Conference on Applied Energy 2020 
Dec. 1 - Dec. 10, 2020, Bangkok / Virtual 

Paper ID: 0134 

Analysis of Gas Recovery and Heat Transfer Properties during Methane 
Hydrate Dissociation in Frozen Sandy Sediments 

 
 

Bo Li1,2*, Ling-Ling Chen1,2 , Qing-Cui Wan1,2, Wen-Na Wei1,2 

1 State Key Laboratory of Coal Mine Disaster Dynamics and Control, Chongqing University, Chongqing 400044, China 

2 School of Resources and Safety Engineering, Chongqing University, Chongqing 400044, China 
 

 

ABSTRACT 
In order to find out the relationship of the heat 

transfer and the dissociation of permafrost gas hydrate 
in porous media, this study has conducted a hydrate 
dissociation experiment below freezing point in a cuboid 
pressure vessel. The dependences of gas production and 
hydrate dissociation on the following heat fluxes are also 
analyzed through numerical simulation: the heat 
conducted across the boundary QB, the heat injected 
from the well Qinj, the sensible heat change of the deposit 
QS, the heat absorbed by hydrate dissociation QH, the 
latent heat of ice melting QI, and the unutilized heat QL. 
The results show that the dissociation process of frozen 
gas hydrate can be divided into three steps: ice melting, 
hydrate dissociation, and ice regeneration. The existence 
of solid ice shows strong inhibition effect on hydrate 
exploitation. QH mainly comes from Qinj, and the heat 
transferred across the boundary is the main component 
of QL. It implies that the heat injection is the dominating 
driving force for hydrate dissociation below freezing 
point.  
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1. INTRODUCTION 
Natural gas hydrate (NGH) is a kind of solid 

compounds formed by water and small gas molecules 
(such as CH4, C2H6, and CO2) under high pressure and low 
temperature conditions [1]. It is proved that huge 
amount of gas hydrate exists in submarine and in the 
permafrost areas, and the total quantity of carbon 
trapped in NGH is about twice as much as that in 

conventional fossil fuels [1]. Thus, it is widely considered 
to be a potential energy source which can solve the 
urgent problem of energy shortage of our mankind [2]. 
Aiming at producing gas from hydrate deposits, various 
dissociation methods have been investigated, such as 
depressurization [3], thermal stimulation [4], inhibitor 
injection [5], and gas exchange method [6]. 

As the dissociation of gas hydrate is an endothermic 
reaction which needs to absorb huge amount of heat, the 
heat transfer is a key factor controlling its dissociation 
efficiency [7]. Zhao et al. [8] found that the dissociation 
was affected by the sensible heat, which was related to 
the porous media material and the water content. Liu et 
al. [4] concluded that utilizing the heat transferred from 
the environment was important for reducing the energy 
consumption. Tupsakhare et al. [9] found that the free 
water in the pores played an important role in taking the 
heat to distant hydrate locations. Yin et al. [10] analyzed 
the influencing factors of spatially heterogeneous 
methane hydrate dissociation by depressurization. It was 
determined that the dissociation rate was limited by the 
heat transfer from the surroundings. Liu et al. [11] 
numerically analyzed the heat and mass transfer with 
different overburden and underburden temperatures of 
hydrate deposits. The results indicated that the impact 
of thermal conductivity on hydrate dissociation was 
more pronounced when no external heat was supplied. 

Although a general comprehension of the effect of 
heat transfer on hydrate dissociation has been obtained 
in these studies, they lack quantitative characterizations 
of various heat fluxes in hydrate deposits as they are 
difficult to be measured directly in the experiment. In 
addition, the presence of ice is rarely considered in the 
previous studies as it is thought to be able to hinder the 
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gas production rate by blocking the flow channels of the 
porous media [12]. However, the evolvement of ice is 
quite common in the permafrost-associated frozen 
hydrate deposits, such as the gas hydrates discovered in 
northern Alaska [12] and in Qinghai-Tibet plateau 
permafrost [13]. It is extremely important to 
quantitatively analyze the effect of ice on the heat 
transfer process during gas production from frozen 
sediments, which can provide insightful knowledge for 
the optimization of gas production strategies. 

The aim of this study is to investigate the heat 
transfer behaviors during the dissociation of frozen gas 
hydrate in porous media. Methane hydrate is dissociated 
below freezing point by depressurization and wellbore 
heating in a cuboid pressure vessel (CPV). The evolution 
of various heat flows and their relationships are 
quantitatively calculated through numerical simulation. 
In addition, the phase transition properties of ice are also 
discussed. 

2. EXPERIMENTAL AND NUMERICAL SIMULATIONS  

2.1 Experimental apparatus and procedure 

The schematic of the cuboid reactor is shown in Fig 1. 

Its inner effective volume is 1.5 L (100 × 100 × 150 
mm). The working pressure and temperature of the 
reactor are 0 to 25 MPa and -5 to 30 oC, respectively. The 
internal temperature of the vessel is monitored by 9 
thermometers (T1 – T9). The system pressure is 
measured by two pressure transducers connected to the 
inlet and outlet pipelines of the reactor. There is a 
vertical well at the axis of the vessel for gas production, 
and its length is 120 mm. Wellbore heating can be 
realized by connecting an electrical power with the 73.5 
Ω resistance heating wires in the inner surface of the 
well. Other details of this system can be found in the 
literature [14-16]. 

In order to conduct the dissociation experiment, 
methane hydrate samples are firstly prepared in the 
reactor, which is filled by quartz sands with particle size 
of 0.27 - 0.38 mm. A total of 3.86 mol methane gas and 
361.81 ml deionized water are injected into the reactor 
for hydrate formation at an environmental temperature 
of 7.80 oC. When the pressure is decreased to 11.00 MPa, 
the formation process is completed. Then the free gas 
and water are released from the vessel to reduce the 
system pressure to 5.50 MPa. After that, the 
environment temperature is adjusted to -1.00 oC. When 
all the liquid water is transformed into solid ice, the 
production process is started with two steps: (i) free gas 
releasing step, in which the pressure is decreased to 1.50 

MPa; (ii) gas production step; in which the wellbore 
heating (50 W) is adopted under constant production 
pressure of 1.50 MPa. This study only investigates the 
second step with wellbore heating. Table 1 shows the 
experimental parameters and results of hydrate 
dissociation below freezing point in step ii. 

 
Fig 1 Schematic of the experimental reactor. 

Table 1. Experimental conditions and results of hydrate 
dissociation below freezing point. 

Parameter Value 

Volume of the reactor 1.5 L 
Gas composition CH4 

Porosity of quartz sand 46.0% 
Initial phase saturations SH0 = 0.511, SI0 = 0.113 
Wellbore heating rate 50 W 
Production pressure 1.50 MPa 

Boundary temperature -1.00 oC 
Production time 242.20 min 

Volume of produced gas 60.156 L 

2.2 Numerical simulation 

The parallel version of TOUGH+HYDRATE (T+H) code 
is employed and modified for the numerical simulation. 
It is specifically set up for the description of methane 
hydrate formation and dissociation characteristics in 
complex geologic media. Previous studies have proved 
the effectiveness of this code for modeling the hydration 
reactions, phase transition, and flow of fluids and heat in 
hydrate-bearing sediments [2, 16].  

The three-dimensional grid described in the study of 
Wan et al. [16] is used to represent the CPV in the 
numerical simulation. The porosity of each element is set 
to be 0.460. The initial saturations of hydrate, gas, and 
ice are set to be SH0, SG0, and SI0, respectively, as shown 
in Table 1. The boundary temperature is maintained 
constant at -1.00 oC. During the production process, the 
pressure of the uppermost wellbore grid is fixed at 1.50 
MPa, and the other wellbore elements act as source 
terms, of which the total heat injection rate is 50 W.  
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3. RESULTS AND DISCUSSION 

3.1 Gas production and hydrate dissociation 

Fig 2 shows the experimental and numerical 
simulation results of the total volume of the produced 
gas VP and the remaining mass of gas hydrate mH during 
hydrate dissociation below freezing point. It can be seen 
that VP increases continuously during the whole 
simulation period, which indicates the effectiveness of 
the employed method for the exploitation of frozen gas 
hydrate. However, the rising rate of VP tends to slow 
down due to the gradually declined hydrate dissociation 
rate. In addition, the heat absorption efficiency of gas 
hydrate will also be decreased with the decline of mH, as 
more and more injected heat will be absorbed by the 
quartz sand and other materials in the vessel. The 
simulated curves of VP and mH both agree well with the 
corresponding experimental data, which implies the 
reliability of the modified kinetic model for the 
prediction of gas hydrate decomposition in the reactor. 
The deviations observed in the later production process 
may be caused by the uneven distribution of gas hydrate. 
As the gas hydrate will be more likely to be deposited in 
the upper area of the vessel [17], the injected heat will 
be more easily absorbed by the gas hydrate in the 
experiment due to smaller distance between the 
dissociation interface and the wellbore. 

3.2 Profiles of the remaining ice 

Fig 3 shows the numerical results of the evolution of 
the remaining mass of ice during gas hydrate dissociation 
below freezing point. In the beginning, a total of 67.16 g 
ice is distributed uniformly at the surface of the hydrate 

particles. In other words, the gas hydrate is completely 
frozen by solid ice. The presence of these ice will strongly 
prevent the dissociation of gas hydrate due to its self-
preservation effect [18]. Once the wellbore heating is 
activated, the ice deposited in the vicinity of the well 
would absorb the injected heat quickly, which leads to 
the decline of the ice mass. At the same time, once the 
gas hydrate particles which are previously trapped by the 
ice are exposed to the low-pressure environment (1.50 
MPa), they will be dissociated very fast, and the released 
water from hydrate dissociation will be transformed into 
solid ice. In other words, the dissociation process of 
frozen gas hydrate can be divided into the following 
steps: ice melting, hydrate dissociation, and ice 
regeneration. The injected heat plays an important role 
in breaking the protection effect of ice on hydrate 
dissociation. As the dissociation front expands far away 
from the well, the reduction rate of ice tends to decline 
with time. 

 
Fig 3 Numerical results of the evolution of the remaining 

mass of ice in the deposit. 

3.3 Analyses of heat transfer behaviors  

Fig 4 presents numerical results of the evolution of 
the cumulative heat conducted across the boundary QB, 
the heat injected from the well Qinj, the sensible heat 
change of the deposit QS, the heat absorbed by hydrate 
dissociation QH, the latent heat of ice phase transition QI, 
and the unutilized heat QL during hydrate dissociation 
below freezing point. The calculation method can be 
found in the published literature [16]. It is observed that 
QB decreases persistently in the whole simulation period, 
which indicates huge amount of heat loss across the low-
temperature boundary. On the other hand, Qinj rises 
linearly due to the constant wellbore heating rate (50 W). 
So the injected heat plays a dominating role in promoting 
the dissociation of frozen gas hydrate. Part of Qinj will be 

 
Fig 2 Profile of the total volume of the produced gas VP and 

the remaining mass of gas hydrate mH. 
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absorbed by the porous media and stored as sensible 
heat. So the QS also increases all the time. The curve of 
QH shows a continuous rising tendency, which is in 
accordance with the mH discussed in Fig 2. 

Compared with other heat flows, the curve of QI 
tends to change more moderately. This is caused by the 
limited amount of solid ice in the pores. Furthermore, QL 
is mainly composed of QB and QS. So the curve of QL 
increases continually to a level even higher than QH. Most 
of the injected heat is lost across the boundary, and the 
effect of QI on hydrate dissociation is relatively small 
when compared with Qinj and QB. 

4. CONCLUSIONS 
The gas production and heat transfer behaviors 

during the dissociation of frozen gas hydrate have been 
analyzed in this study. The ice deposited in the vicinity of 
the well would absorb the injected heat quickly. At the 
same time, the gas hydrate will be dissociated very fast, 
and the released water from hydrate dissociation will be 
directly transformed into solid ice. So the dissociation 
process of frozen gas hydrate can be divided into three 
steps: ice melting, hydrate dissociation, and ice 
regeneration. 

The injected heat plays a dominating role in 
promoting the dissociation of frozen gas hydrate. The 
effect of the latent heat of ice on hydrate dissociation is 
relatively small. The lost heat is mainly composed of the 
heat transferred across the boundary as well as absorbed 
by the porous media.  
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