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Gas permeability of compacted bentonite considering Klinkenberg effect
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Abstract: The gas permeability of compacted GMZ bentonite is studied using the triaxial gas permeameter. It is found that the
Klinkenberg effect exists when the gas permeability is lower than 10"* m? A power relationship is observed between the
Klinkenberg slippage factor and the ratio of the Klinkenberg permeability to the air-filled porosity. The relationship is
independent on dry density and water content, and is almost identical with the Klinkenberg model. In the double-log scales,
there is a linear relationship between the Klinkenberg permeability and the air-filled porosity, of which the slope is almost

independent on water content. Based on the test results, a model for unsaturated gas permeability is proposed, in which the

Klinkenberg effect is taken into account.
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Table 1 Klinkenberg permeability and gas slippage factor
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(105 m?)  /10°Pa) (10 m?)  A10° Pa) (107 m)
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A2 1.29 21.6 17.52 16.3 18.97 — 18.97
A3 7.2 1.38 31.8 5.83 72.5 5.96 67.4 8.04
A4 1.47 57.7 1.16 189.1 1.26 159.2 2.16
A5 1.56 69.1 0.38 180.6 0.41 151.6 0.73
Bl 1.18 11.1 43.78 — 43.78 — 43.78
B2 1.30 16.7 13.20 7.3 13.66 — 13.66
B3 10.5 1.40 30.6 2.79 85.8 3.02 63.9 3.89
B4 1.50 46.5 0.64 126.9 0.66 116.6 1.03
B5 1.60 72.4 0.10 215.9 0.11 197.3 0.21
Cl 1.20 11.6 32.73 — 32.73 — 32.73
C2 1.30 16.6 12.97 — 12.97 — 12.97
c3 12.5 1.42 26.9 2.20 79.5 2.40 57.4 3.05
c4 1.50 443 0.47 933 0.50 76.8 0.69
cs 1.60 70.6 0.0054 2470.4 0.0085 1505.8 0.073
DI 1.21 18.4 30.68 — 30.68 — 30.68
D2 1.30 24.1 7.81 44.9 7.80 453 9.76
D3 14.7 1.40 332 1.85 77.96 1.97 62.5 2.58
D4 1.50 39.6 0.32 93.2 0.33 82.1 0.48
D5 1.60 58.5 0.012 683.5 0.0098 855.1 0.056
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