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Soil-water characteristic curve and permeability of hydrate-bearing soils

YAN Rongtao, XU Yubo, YAN Mengqiu
(Guangxi Key Laboratory of Geomechanics and Geotechnical Engineering, Guilin University of Technology, Guilin 541004, China)

Abstract: Understanding the soil-water characteristic curve (SWCC) and permeability of hydrate-bearing soils plays a critical
role in analyzing the production efficiency and layer stability during hydrate exploitation. Based on the self-improved apparatus,
hydrate is formed within clayey silt and sand sediment, and the SWCC of the hydrate-bearing clayey silt and sand is measured.
Further, the influence law and mechanism of hydrate formation on the SWCC are investigated, and the permeability of the
hydrate-bearing soils at unsaturated state is analyzed. The test results show the hydrate formation has a significant effect on the
SWCC of the hydrate-bearing soils. As the hydrate saturation increases, the boundary effect segment remarkably increases, the
SWCC changes gently during the transition segment, and the corresponding saturation reduces. However, the VG model is able
to address the SWCC of the hydrate-bearing soils. Since the hydrate formation changes the pore-size distribution structure of
the hydrate-bearing soils, the gas entry pressure increases but the saturation of the effective residual water decreases with the
increasing hydrate saturation. Under the unsaturated state, the relative permeability of the hydrate-bearing soils reduces with the
increasing capillary suction as the seepage channel is crowded by gas. At a given capillary suction, the higher hydrate saturation
corresponds to the smaller relative permeability.
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Fig. 1 Schematic diagram for measuring soil-water characteristic
curve of hydrate-bearing soils
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Fig. 3 Soil-water characteristic curve for HBS
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Fig. 4 Soil-water characteristic curves for HBS
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Fig. 5 Soil-water characteristic curves for different HBS
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Table 2 Model parameters for van Genuchten Model (Soil A)

ZH St a/kPa’! m n R?

Sn=0 0.582 0.110 0.019 46.115  0.9961
Sn=0.35 0.490 0.104 0.019 45.230  0.9936
Sr=0.50 0.358 0.040 0.185 6.034  0.9985
Sn=0.65 0.180 0.035 0.200 5.819  0.9954

T ROAMR R
%= 3 van Genuchten (VG)HERI 2 # (I #f B)
Table3 Model parameters for van Genuchten Model (Soil B)

ZH S, a/kPa’ m n R?

Sn=0 0.419 0.218 0.027 34.131 0.9839
Sr=0.35  0.378 0.150 0.014 83.230 0.9882
Sv=0.50  0.311 0.105 0.030 60.051 0.9923
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Fig. 8 NMR testing results for HBS
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Fig. 9 Schematic diagram for inter-structure of HBS before and

after the hydrate formation
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