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Discrete element method for structural carbon dioxide hydrate bearing clay
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Abstract: The large-scale exploitation of methane hydrate’béaring clay through carbon dioxide displacement holds significant
importance in reducing carbon emissions and maintaining strata stability. The clay sediment containing CO2 hydrates during the
replacement process is called carbon dioxide hydrate bearing clay. By analysising the experimental data available in literature,
the phase equilibrium curve of methane-carbon dioxide hydrate is obtained. Relationships between condition parameters L and
the strength and elastic modulus of carbon, dioxide hydrates are established. These relationships can be incorporated into the
microscopic contact model of grain-ecementing type methane hydrate bearing clay in the distinct element method (DEM) to
finally build a three-dimensional coenitact model of grain-cementing type for structured carbon-dioxide hydrate bearing clay.The
model can consider the effect,of different carbon dioxide mole fractions. Based on the built contact model, a series of isotropic
compression tests and conyentional triaxial compression tests are conducted by DEM simulation, and the simulation results are
compared with present labgratory experimental results. The results show that the proposed contact model in this study can
characterize the changeflaws of mechanical properties of the structured carbon dioxide hydrate bearing clay, which can provide
technical reference for the exploitation and utilization of methane hydrate in the future.
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Fig.1 Schematic diagram of inter-aggregate contact forces in
carbon dioxide hydrate bearing clay
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Fig. 3 The fitting relationship between carbon dioxide mole
fraction and bulk modulus of hydrate.
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hydrate bearing clay

Byt SH AR Bl
TORL 2 fib S 3B i B, (MPa) 700

SR R B & 1.5

SR JEE T R A 0.5
Hamaker # %4 4 (J) 7.5%10°20

Eik ks B wo (mv) 100

fil 24 WL JEFE 1/ (nm) 5
UKL J5) 348 PR A R L & 2.1

ORIl 1% R 5L B 0.1

F1 AT IR ES e (nm) 0.9

WEL WSS dpe (nm) 25

IR AEYN NI EELE & 2.64

i Il TR 45 R R g 0.1
% Ik S gt 2 K HR A AN
W45 42 2B s R

VLR, RIA SO IE SR 25 e & b 1)
FEHRTE, WO Al TR ) B2 il 2 50k 4 SR 3RO e 1)
HPF T SH, BMRITE RS WE . EHEOTEL
X PR S PR B S50 S K & W HRn B L2\ 33 R4
2.2 RS

BT PFC3P6.0, GRS T B HUc R B Ak
RESIRIR: (1) ikt RADERIEERY, A
WURLEL H 4 20040, HARFLEREE A 1.50 B IET7 AR FA L
AFE, I AR L BRI R R AE 35 1 )2 )



RISk AL B RE . (2) T Bk pess s
454 1MPa LIAIUK F 1000m (AR E T LA R 100m
AR REVR RS LR R A R PIRAS, B B E R+
P HOTIARE. (3) MRS : FERURL#E fih (A T 45
S8, WIS CO, BE /R BB AR = PRS0 B 4t
KB COL KEWD & ELIAR AL .

%2 Luo FUERFEERRE N EHTTEM L TR

Table 2 DEM simulation of Luo et al.'s iso-compression test
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Fig. 7 Comparison on isotropic compression results
between the experiment and this study
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