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Abstract: In order to reveal the influence of mined-out areas formed by solid mining on replacement performance of gas
hydrate CO, replacement mining, the comparative experimental study on CO,/N, replacement mining of different gas
hydrate saturations in mined-out area reservoirs and intact reservoirs was carried out. The results show that for the
samples each with hydrate saturation of 30% and 45% , the CH, replacement rate of the mined-out area-reservoir is
5.5% and 9% higher than that of the intact reservoir, and the CO, storage per unit volume is increased by 26.5% and
39.8% , respectively. The existence of mined-out areas increases the molar ratio of the replacement medium to gas

hydrate, thus providing a higher replacement driving force. Moreover, in the samples with high hydrate saturation, the
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mined-out area will also improve the diffusion of the replacement medium, resulting in the greater replacement effect of

the reservoir containing mined-out area over the intact reservoir. Therefore, CO, replacement mining after solid mining

can improve replacement mining efficiency, and contribute to carbon sequestration and formation stability. It is a

potential safe and green mining mode for marine hydrate.
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CH, hydrate recovery by CO,/N, replacement

1.2 gt

AW T 53 0 2 T 30% M 45 %0 KA PR
T BT 6] K A W 10 R0 BE 55 0 R 1 B 4 o B
CO./NLIR A (BE /R LBy 1/4) 72 H A & 1 % h
HOH Y B R, AR 2908 10 MPa ™ SL 5
TR BEPE AR 274.2 K, 274.2 K 55 10 MPa i T AR 5
N F CO/NL(T/DIRESKEWE RREKEGYHM
S il e 2 PR O B R 9 S 00 TR R T LA B AR S
i B AR R TEA COL/NLJE RIR S IK G W ot
g5 LRk SE Ty R R 1R .
1.3 &b B

(1) HERD K 200~400 H A D A T 148 ML T
24 h BRJEHE TR RE Y 5 T IR IR K FE MR A

F1 CO/MN,EMARRKARKEGEHWII A RiZIT
Table 1 Experimental design of CO,/N, replacement for CH, hydrate

e A TR % X EHRE /K BT /MPa fLBREE/ % KEWBMBE/ Y% KMIFIEE/ %
1 % 274.2 10.6 50 30 20
2 # 274.2 10.4 50 30 20
3 T 274.2 10.2 50 45 5
4 H 274.2 10.3 50 45 5
(2)% 2 BIRS R R B 2 P90, 5 R M0 2k e 2 12 B R o S0 Jd i SR

B PR i TS A AE AU 5 LT, 15 B R LB
50% o XF 9 R 28 XA i il A7 1A R 251X, A R 28
DX AN ] 2 7 BREALLAY SR 25 IXORUSE i B4 3 e,
£ 9 em, #i 25 AL 63.6 cm®#,

(3)HEAEE I 51 CH, AR = 8 B 1%
SRS O 2 TR B R B 23 0 A B b TR
PRY IS A i T R, A L i 0 3 4 T ) AR R B

CIE/S IR

EKE TR b

B2 BERNEMHRETXEERE
Fig.2 Schematic diagram of the mined-out area

prefabricating process by the high pressure reactor
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Fig.3 Temperature and pressure changes in Experiment 1
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Fig.4 Mole percentage change of CH,, CO,and N,

in the gas phase during replacement reaction
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sandy system with lower hydrate saturation
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Table 2 CH, production rate in the early and late stages
of replacement reaction and the molar ratio of initial

CO,/N, to initial CH, hydrate in the system
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Table 3 CH, production rate in the early and late stages
of replacement reaction and the molar ratio of initial

CO,/N, to initial CH, hydrate in the system
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