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Permeability of mine gas hydrate bonded coal against loading-unloading
of axial stress
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Abstract: Key issues still remain in revealing the effect of hydrate formation on coal permeability, as well as the
permeability variation subjected to mining exploitation, concerning to the application of the hydrate method. Using
steady-state method based on outlet flow, the permeability tests of gas-bearing coal(three water contents and three
particle sizes) and subsequently the tests of mine gas hydrate bonded coal for against loading-unloading of axial
stresses were conducted, by triaxial testing machine for coupled seepage, chemical and triaxial stress measurements
in mine gas hydrate bonded coal. Then, the rule and mechanism are revealed relating to the effect of hydrate

formation, effective stress and hydrate saturation on coal permeability. The results show that the coal permeability
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decreases after hydrate formation by a reduction between 79% and 99%. The permeability varies exponentially with

the effective stress under loading-unloading of axial stresses. The variation of the permeability under unloading can

be divided into three patterns, including a small amount of permeability recovery, partial permeability recovery

and permeability increase. In the process of loading-unloading of axial stress, the permeability loss rate and damage

rate increase with the growth in the hydrate saturation for mine gas hydrate bonded coal. As a result, the formation

of gas hydrate blocks the coal penetration channel and restricts the coal mine gas migration, which makes it a

possible solution to shortening the construction period of rock cross- cut coal, accompanied by gas pressure decrease

in a short time.

Key words: mining engineering; coal and gas outburst; mine gas hydrate bonded coal; permeability; loading-

unloading; hydrate saturation
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Fig.1 Temperature, pressure and phase equilibrium curve of

seepage test in mine gas hydrate bonded coall¢!
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Fig.3 X-CT cross-section of carbon fiber triaxial reactor
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Fig.2 Schematic diagram of coal and gas outburst prevention technology based on the hydrate method
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Fig.5 Triaxial testing machine for coupled seepage, chemical and triaxial stress measurements in mine gas hydrate bonded coal
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Fig.10 Variation curves of permeability of mine gas hydrate bonded coal with effective stress during loading
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Table 3  Fitting results of permeability and effective stress of mine gas hydrate bonded coal during loading

, SR L A A LA
A%
% Ay t Yo R? B, B, 4 R? a b R?

40 729.08 1.07 0.67 0.99 —0.89 0.04 5.64 0.99 14.07 —126 0.89

20~40 60 14.06 3.07 —0.34 0.88 —0.99 0.04 6.06 0.89 2.04x10* —6.05 0.81
80 12.62 1.77 0.02 0.99 —0.18 0.01 1.14 0.99 541.54 =392 099
40 —0.01 —2.48 0.86 0.89 0.17 —0.01 0.13 0.92 2.17 —046 077

40~60 60 3.50x10° 0.52 0.28 0.91 —0.72 0.03 4.24 0.99 5.70 —124 0.66
80 2.56 39.52 —145 099 —0.06x10 " * 6.32 1.10 0.99 4.25 —090 098
40 —1.47x10°# —0.79 0.48 0.99 0.12 —0.01 —0.06 0.98 0.82 =025 0.64

60~80 60 8.71x10* 0.64 0.85 0.99 —1.24 0.06 7.31 0.97 11.93 —113 085
80 1.09x10* 0.86 0.45 0.99 —3.30 0.16 17.77 0.99 7.05x103 —4.10 096
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Variation curves of permeability of mine gas hydrate bonded coal with effective stress during unloading
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Table 4 Fitting results of permeability and effective stress of mine gas hydrate bonded coal during unloading
ek Sk ACTNE . ey RS
HE  1BRE/%

A, t Yo R? B B, c R? a b R?
40 —3.60x10° —1.42 0.85 0.98 0.17 —0.01 0.16 0.96 2.20 —0.45 0.82

20~40 60 - - - - - - - - - - -
80 —6.21x10° 0.41 0.03 0.89 0.04 —0.01 —0.18 0.75 3.78x10 4 1.82 0.63
40 —0.01 —4.67 0.84 0.99 0.02 —0.01 0.75 0.99 1.47 —0.30 0.95
40~60 60 10.10 2.49 0.21 0.97 —0.45 0.02 3.01 0.98 31.61 —1.90 0.96
80 1.43x10° 0.54 0.45 0.91 —0.10 0.01 1.03 0.82 0.91 —0.30 0.76
40 0.69 15.36 0.10 0.98 —0.04 9.41x10 4 0.79 0.98 1.46 —0.50 0.98
60~80 60 —9.92x107 4 —2.34 0.91 0.99 0.07 —0.01 0.66 0.99 1.62 —0.29 0.94
80 3.00x10° 0.69 0.42 0.97 —0.12 0.01 1.03 0.99 0.65 —0.19 0.77
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