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Abstract

Methane hydrate, a form of clean energy also called combustible ice, has
drawn a global interest as an alternative energy resource of traditional fossil

energy.

Methane gas extraction by a deep well installed in natural hydrate bearing
sediments (MHBS) found in deep subsea and permafrost regions is a coupled
thermo-hydro-mechanical-chemical (THMC) processes.

It IS necessary to propose a coupled THMC model to estimate the amount of
gas production, improve the efficiency of production and guarantee the safety

of production.

Modeling the coupling process

Verifying the model using laboratory data and field data
Implementing the simulation in the field work using the verified model and

calibrated parameters

Optimizing the production method to improve the efficiency of production and
guarantee the safety of production

Scheme for the THMC model

To describe the behavior of the coupled mutiphysical process, the following

scheme is implemented:
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Model verification

1) Simulation results vs. laboratory experimental data
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 The model is well verified

 Trend in temperature change is well
predicted

« The predicted amount of gas is

Fig 2 Stress-strain relation and dilatancy curve

lower than the real one due to the

presence of free gas In the

experiment

e Stress-strain relation 1s matched

better using our model than others

by introducing two new parameters

276.0 0.010
275.5
5, e 0.008 o
K - .
W ",ﬁtu — L
275.0 LY o =
¥, mu 7 4 = 0.006
L 4y - LR c
; ...'A e S
2745 - boa ©
LA
i’.nu_‘ -’x.,.n 2 0.004
0740 | B | Se e = SECAEXP|| £
T akeeETmeErE *+ SECBEXP " 0.002
r " A SECCEXP g
2735 ——SECASIM || O
————— SEC B SIM 0.000 + Test Data (Masuda 1999)
----SECCSIM ’ —— Simulation |
273.0 I I 4 I
50 100 150 200 250 300 0 100 200
Time(h) Time(min)

Fig 3 Temperature and the amount of produced gas
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2) Simulation results calculated using our model vs. most widely used codes In
the world. The predicted gas saturations are different using different codes, but
hydrate saturation and temperature are identical.
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b) Hydrate Saturation

b} Hydrate Saturation

- = = -HydResSim
- - - MH21
- == 8TARS
- =< STARS-M
STOMP
----TOUGH
Univ Houston
—— This Model

Q . . ) 1] . ! 1] . - )
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
Distance (m) Distance {m) Distance {m)

c) Temperature ¢) Temperature

Fig 4 Comparison of simulation with different codes in depressurization case  Fig 5 Comparison of simulation with different codes in heat injection case

Simulation on field work

 Heat convection and conduction lead to the increase Iin temperature after
hydrate dissociation in heterogeneous hydrate layers

« All the coupled physical properties are changing during gas production

« Stress relaxation and concentration due to hydrate dissociation exists
around the wellbore. It potentially results in a geohazard.
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Fig 7 Simulation on heterogeneity of the hydrate layer in Nankai, Japan

Ongoing research

 Enhancement of the coupling model

« Additional field simulation

 Optimizing the production method to improve the efficiency of production
and guarantee the safety of production
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