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Study on slope stability of deep-sea energy soil gas reservoir
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Abstract: Improper exploitation of deep-sea energy soil often leads to the deterioration of the strength of hydrate-
bearing reservoirs and the instability of the seabed. In order to explore the impact of deep-sea energy soil mining on
the slope stability of gas-bearing reservoir, this study took the mining conditions of deep-sea energy soil mining and
backfilling devices as the actual engineering background to address the submarine landslide phenomena induced by
energy soil mining and backfilling under three working conditions. Based on the finite element strength reduction
method, a numerical model was first established. Then. the stability of hydrate gas-bearing reservoir caused by
such factors as different clay contents, gas contents and backfill reinforcement was analyzed. Finally, the
corresponding safety factor was obtained. The results show that the higher the clay content is, the lower the safety
factor of the seabed sediment slope and the worse the slope stability become. The gas content has a nonlinear effect
on the slope stability of the deep-sea energy soil gas reservoir, and the safety factor increases first and then decreases
with the increase of the gas content. After backfilling and strengthening with cementitious materials, the safety
factor of the submarine slope is improved and the slope stability is enhanced.
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Fig. 1 Schematic diagram of geometric model of deep-sea energy soil gas-bearing reservoir slope
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Table 1 Basic physical and mechanical indexes of marine soil samples

TP L JE Y HiLas/ % HAXTHBE d BIUEALBILL ¢ RIS T, THIE ©
1 3 2.65 0.48 1.59 0.28
2 10 2.66 0.43 4.64 0.29
3 20 2. 66 0.35 6.51 0.31
4 30 2.68 0.28 8.96 0.32
5 35 2.68 0.24 9. 85 0.32

F2 BRBHEX
Table 2 Model parameters

TH BMraak/ % mAR/ % W o/ (kg m P BAYEELE E/MPa MRy BRI o/kPa FEEHES o/ ) BIRLL R,
3 0 2150 2180 0.28 16. 12 44 0.75
10 0 2 230 2038 0.29 16. 35 43 0.74

TH 1 20 0 2337 1883 0. 31 15. 71 39 0.72
30 0 2 440 1754 0.32 10. 42 37 0.70
35 0 2 500 1709 0.32 10. 51 35 0.70
0 3 1596 1577 0.28 18.78 41 0.73
0 6 1553 1552 0.29 32.18 48 0. 80

THL 2 0 9 1504 1518 0.29 32.13 35 0.77
0 12 1483 1488 0. 30 13.17 36 0.72
0 15 1447 1453 0. 30 15.63 35 0.71

TH 3 3 — 2 270 2 458 0. 25 40,67 35 0.83
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Fig. 4 Effective plastic strain nephogram of slope under condition 1
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Fig. 5 Total slope displacement nephogram under condition 1
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Fig. 6 Relation curve between slope safety factor and slope top displacement under condition 1
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Fig. 7 Effective plastic strain nephogram of slope under condition 2
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Fig. 8 Total slope displacement nephogram under condition 2
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Relation curve between slope safety factor and slope top displacement under condition 2
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Fig. 10 Effective plastic strain nephogram and total displacement nephogram of slope under condition 3
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