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FEM-based simulation of decomposition process
of gas hydrate-bearing sediments

WU Er-lin, WEI Hou-zhen, YAN Rong-tao, WEI Chang-fu

(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: The variation of temperature and pressure may lead to decomposition of gas hydrate in a hydrate-bearing sediment (HBS);
meanwhile, several coupling processes are induced, including phase transition, pore water and gas pressures dissipation, heat transfer
and skeletal deformation. A mathematical model is developed to describe the decomposition process of gas hydrate-bearing sediments
based on the theory of porous media. The model properly considers the coupling effect among pore water/gas flow, phase transition,
the kinetic process of hydrate dissociation, heat transfer and the skeletal deformation. Based on the finite element method, a
numerical model describing the process of gas hydrate decomposition is developed and a computer program is compiled. Through
numerical simulation of both depressurization-based and heating-based production processes, variation of displacement, pore
pressures, temperature and other parameters in gas hydrate bearing sediments reservoir are analyzed. The results indicate that
reservoir deformation and excess pore pressure are induced by depressurization and heating method with varying degrees, meanwhile,
the seepage and heat conduction are contained in the gas hydrate dissociation process.
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Fig.1 Sketch of hydrate reservoir and
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R1 UREMH
Table 1 Boundary conditions
a5t BN IK BAMERAE Fh R B
O] BK, BN B BN FEHRRE CAR 1 PR E, B4R 2 PIREAR )
® AiFEK RNBER PiEER AT
® B, EAMEE, PY=778MPa &S, KAMEE, P =8.00 MPa MR E (283.84 K)

K2 MEHYWENFEH

Table 2 Physico-mechanical parameters of material

HHRERE p° KB p* KEWERE p° HbEEE E TR KEREE K KSR R S IR R AxBiER K
/(g/cm’) /(g/cm’) /(g/cm’) / MPa v / MPa 4, / (kPa-h) u, / (kPa-h) /m’
2.70 1.00 0.92 0.5x10° 0.4 2.2x10° 0.278x107 0.417x10™" 0.08x10™"
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Table 3 Parameters of soil-water characteristic curve I

BRAR TR VG BB
S, a/kpa' n
0 0.005 10

x4 RHESH
Table 4 Thermodynamic parameters
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Fig.6 Simulation results for depressurization method
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Fig.7 Simulation results for heating method
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