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Geological Risk Assessment of Long-term Storage of Carbon Dioxide
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Abstract: The latest generation technique of natural gas hydrate extraction, carbon sequestration, and
geological remediation in the South China Sea involves the CO, replacement mining method. This
method injects CO, into the extracted natural gas hydrate reservoir, enabling long-term geological
storage in the form of hydrates under low temperature and high pressure conditions. This method can
not only realize energy extraction but also effectively mitigate the greenhouse emissions. However,
there has been limited research on the stability of seafloor slopes for long-term storage of CO, hydrates
in the sedimentary layers of the seafloor. Using the fluid-structure coupling method and strength reduc-

tion method as the basis, the stress, strain and displacement changes of the seafloor slope are simulat-
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ed at various locations and during different periods. The analysis focuses on the stability of the slope
during the complete decomposition of hydrates. Based on the topographic conditions and soil parame-
ters, and considering the area for natural gas hydrate storage in the South China Sea, the operational
conditions in various real environments were designed. The study aimed to explore the impact of
changing different parameters on the safety factor. The results indicate that long-term seafloor carbon
capture and storage can be achieved by managing the degree of CO, hydrate decomposition within a
safe range. Once the degree of hydrate decomposition reaches a certain level, plastic deformation be-
gins to increase sharply, gradually forming a connected zone of plastic penetration extending upward,
signaling the onset of slope failure. Changes in topographic conditions had a greater impact on slope
stability compared to soil parameters, with the degree of influence ranked as follows: slope angle=>hy-
drate layer thickness™hydrate layer burial depth, friction angle=>cohesion >>elastic modulus, among
which the key factors were slope angle and friction angle. The results can provide a technical reference
for the long-term geological storage of seabed sediments of CO, hydrates.

Keywords: CO, hydrate; seafloor geological carbon sequestration; long-term slope stability;

fluid-structure coupling; topographic conditions; soil parameters
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Table 1 Slope safety factor under different calculation

KEERY

methods
WiIRES N4 R W/ %

ABAQUS 5 £ 47 i 14 0.990 0
Morgenstern-Price ¥ 1.004 1.4
Spencer ¥ 1.006 1.6
Bishop 2 1.007 1.7
Lowe-Karafiath % 1.020 3.0
Janbu ¥ 0.955 —3.5
Ordinary % 0.961 —2.9
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Table 2 Table of geological parameters of combustible ice reservoirs in the northern South China Sea
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Fig.5 Schematic diagram of the seafloor slope model of the

CO,-containing hydrate layer
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Table 3 Physical and mechanical parameters of each soil layer in the CO,-containing hydrate layer model of seabed slope

+ 2 R /(10°kgem *)  FPERIE/MPa HER/N 4 FEEA /() FHE I /kPa BIBEZRE/(mes )
L2+ 1.82 240 0.31 10 280 107
B COKREYE 2.00 400 0.30 14 1160 107
i b2+ 1.85 270 0.32 12 320 107
R R 4 1.91 300 0.33 13 380 107
TE+ 1.97 340 0.34 15 450 107
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Table 4 Table of changes in soil parameters of CO,-containing hydrate layer with decomposition degree
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Fig.6 Cloud of vertical displacement variables at different degrees of CO, hydrate decomposition
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Fig.7  Cloud diagram of plastic strain variables under different degrees of CO,hydrate decomposition
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Table 5 Table of characteristic parameters under different degrees of decomposition of CO, hydrate

COREGYITMRESE/ 0 BRBIAE/m RARACELE/m RREBME/m BRGEEIENE R RN &
10 1.014 0.561 1.112 10.121 0.116
20 2.314 1.375 2.578 10.203 0.142
30 4115 2.641 4.689 10.281 0.185
40 6.740 4.702 7.908 11.184 0.258
50 10.773 8.177 13.112 18.512 0.389
60 17.072 14.921 21.690 31.172 0.634
70 27.112 26.352 35.523 57.934 1.074
80 40.331 41.922 53.841 98.971 1.717
90 52.963 56.810 71.363 142.210 2.392
100 58.471 63.314 79.002 162.121 2.695
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Table 6 Working conditions of different terrain influenc-
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Fig.8 Relationship between the safety factor of seabed slope

and the degree and thickness of hydrate decomposition
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Table 7 Comprehensive analysis under the influence of different terrain conditions

a1 ik JEEEARAE 50 mXF . HEVRASAE 100 m ¥R A AR AL 9 R LA R BB N 1X N SR
e/ 06 Gy Gl MR e 7B WRERBEL  Bm/C) JEE /m B /m
0 0.614 1.031 5.844 1.540 81.433 96.993
10 0.607 0.822 4.933 1.824 82.372 121.655
20 0.436 0.713 4.198 2.144 114.679 140.253
30 0.416 0.655 3.456 2.604 120.192 152.672
40 0.384 0.524 2.763 3.257 130.208 190.840
50 0.362 0.331 2.104 4.278 138.122 302.115
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Fig.11 Diagram of the relationship between the safety factor
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als above different hydrate layers
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Table 8 Comprehensive analysis under the influence of

different soil material parameters
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0 12 745 9.211 5.778
KEW)Z 20 54 167 51.852 13.131
o Ak 50 76 471 63.636 11.404
100 100 000 66.667 19.403
TKEY
0 8695 5.128 0.581
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