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Abstract: Natural gas hydrates (NGH) existing in shallow deep-sea sediments are regarded as a novel
clean energy carrier. During phase transition, NGH generates a small amount of water and a large vol-
ume of natural gas, which not only weakens the cementation between hydrates and soil particles but al-
so generates excess pore pressure. Compared with the Nixon-Grozic modified model, a constitutive
model further revised by incorporating gas compressibility parameters and a non-ideal gas equation of
state produces excess pore pressure predictions that better reflect engineering practice. Additional seis-

mic forces significantly affected the safety of hydrate-bearing slopes by altering the structural strength
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of the soil. Based on the infinite slope stochastic field theory, the positive promoting and negative re-
straining effects of pore pressure variations and vertical seismic action on slope instability probability
were systematically analyzed. Using the second hydrate trial-production reservoir in the South China
Sea as a case study, the safety factors of the submarine slope were calculated under three conditions:
ignoring excess pore pressure, applying the Nixon-Grozic modified model, and implementing the non-
ideal gas modified model. The results indicated that as hydrate dissociation in the reservoir intensified ,
the slope safety factor declined progressively when excess pore pressure was not considered. When the
Nixon-Grozic modified model and its non-ideal gas modified model were used for simulation, the
slope safety factor demonstrated a non-monotonic trend of initially decreasing and then increasing,
with predictions from the Nixon-Grozic modified model consistently lower than those from the non-ide-
al gas modified model. Notably, when the spatial variability of the reservoir's mechanical parameters

was considered, probabilistic analysis revealed a significant increase in slope failure probabilities, indi-

cating that hydrate dissociation severely compromised slope reliability.

Keywords: hydrate dissociation; submarine slope; stability; reliability
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Fig.1 Excess pore pressure generated by hydrate dissocia-

tion in Shenhu area
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