Coupling thermo-hydro-mechanical-chemical model for methane

nydrate bearing sedlments with COI\/ISOL
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515 : As shown in Fig.1, there are many geotechnical problems during 7z B : We compare the results with many different methods
gas production from hydrate layer. To solve theses problems, we need to Including CMG STARTS, HydrateResSim, MH21 HYDRES,
build numerical coupling thermo-hydro-mechanical-chemical models for STOMP-HYD, and TOUGH-FX/HYDRATE to verify the model
methane hydrate bearing sediments(MHBS). However, most of current and simulate the Influence of plasticity, heat boundary condition
models are based on finite differential method (FDM) or finite volume and hydrate saturation distribution on the layer.

method (FVM). Few models for MHBS based on finite element method ?_
(FEM) and Galerkin variation principle are published. We use COMSOL . i T
Multiphysis® to simulate the mutiphysics behavior of MHBS during the .| ———=— | .| | N
gas production. The model is built upon the PDE Interface and structure A '
mechanical module. Good matching can be obtained with this model.
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THE 5% In this model, the governing equations include: T Ty day v . day s — = —
(@ flow equation for solving out pore pressure Pw and Pg: B 4 K WA FE 4 A e AR S b A [ BT

dpw By | . , My NpR d sy dey dT
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@ heat equation for SOIVing out temperature T: ﬂl:. - CONSTANT TENPERATURE 1)
4T | | o '3'; I ------- MO HEAT SLPPLY(ELASTICITY)
cr— = 0, (kp 0,T) + 0y (k1 0yT) + puwCrwrky (0xPw0xT + 0,04 0,T) + pycorky (0,050, T + : _J i TS =
M— _ | ( B 5. S0 A A U A
(®dissociation equation for solving out hydrate saturation Sh:
dsy _ _ MuNnRutMgRn _ sp(-m)dey o p dT Z5w: COMSOL can be well applied to build the multiphysics model
dt non n ar | ohPhgg for MHBS. Through the comparison with other software, the results

calculated by COMSOL are well verified. The MHCS model can be

@Wequilibrium equation for solving ¢ and «: _ .
| | J successful to be embedded into the software by the external material

V- (ﬁr SgPgt+SwPw 5) +f=0 module. The calculated results indicate that the inelastic behavior of
1=sh MHBS has great impact on the coupling simulation. Dilatancy makes
¢’ =E:¢ volumetric contraction less. The greater diffusion coefficient in the

MHCS case makes dissociation faster. So, It Is necessary to build user

Fi1g.2 shows the coupling relationship between different physical fields.
| s P R defined inelastic constitutive model in the coupling model..

Flow equations and heat equation are built on PDE Interface. The

mechanical module 1s used to simulate the deformation of MHBS
influenced by other physical fields. A new feature called external material 22 ik -
model in COMSOL 5.2 is utilized to build an advanced critical state 1. COMSOL Multiphysics Reference Manual: Version 5.2
constitutive model for MHBS. 2. S. Uchida, K. Soga, and K. Yamamoto, “Critical state soil
constitutive model for methane hydrate soil,” J. Geophys. Res.
Solve Flow Equation for Solid Earth, vol. 117, no. B3, p. B03209, 2012.
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