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Abstract

Adsorption of gas is a primary method of shale gas storage in shale reservoirs. Furthermore, ad-
sorbed gas constitutes the predominant source of shale gas production in the late stage. The accu-
rate assessment of shale gas reserves is contingent upon a comprehensive understanding of the
characteristics of methane storage in shale reservoirs under conditions of high temperature and
high pressure. A molecular model of the organic matter-quartz composite pore system composed of
quartz, casein and composite pores was constructed on the basis of the inorganic geochemical char-
acteristics of shale in the Wufeng Formation (Longyi 1 subsection of the Sichuan Basin). The micro-
existence characteristics of methane molecules in the composite pore system, and their flow-diffu-
sion characteristics, were investigated by means of a range of simulation methods, including giant
canonical Monte Carlo (GCMC), molecular dynamics (MD) and nonequilibrium molecular dynamics
(EFMD). The results demonstrate that the number of methane molecules in the pore space increases
with an increase in pressure, while their diffusion ability is limited (the higher the pressure, the
smaller the diffusion coefficient), and the number of methane molecules increases with an increase
in pore diameter. It is evident that there is a conspicuous density peak in proximity to the pore wall,
which exhibits an increase in magnitude with an escalation in pressure. The pressure drop is simu-
lated by the method of applying an external force, and an augmentation in the external force will
result in an enhancement of the flow rate of methane in the pore space. Concurrently, the flow rate
of the stored space will be increased by the external force. The pressure drop is simulated using the
external force method, and an increase in external force will enhance the flow rate of methane in
the pore space. Furthermore, it has been demonstrated that a larger endowment space (pore diam-
eter) will result in a larger flow rate of methane in the pore space. It has been demonstrated that
creating a larger pressure drop during the extraction process is more favourable for methane to
detach from the shale reservoir.

Keywords

Shale Gas, Molecular Simulation, Composite Model, Occurrence State, Diffusion Characteristics

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

“H=A7RCK, REAAETUE SR T — R E R, b )1 % R B DU R R
D IRFIER B AL S, BN I P9 DU s B BRI MG [ 1] BEE B I HERS ,  TUE BRI K 1 008
AL RS, FRESL B IR T BRI S HOR I . EIEAL, VU Rk R R 2 A S kT B IR
21.9 x 102 m?, AR 3500~4500 m FIRZ TUA S 51%, 4 11.3 x 102 m? [2]. 2024 4, HifE
FAH MRS X YRR i & 1213.56 x 108 m®, ¥R H RIHRIEEE I 7K, Rrekgl ik
TUA S RIS it R 2 ot R B4R (3]

TUA SURFRIRAZIE & 2 A MU I S L8 T BUR e DU I R AR, FRIE A A E YRR . #
it IR B — IR B R o RN SR WS R B FH 2 40 2885 5 R AL R I AEAE 17T 159 DL SR BEAN R AT,
IRAFTEAS F AT . WS FERSGE RS FEAE T AR SHZEK ). 5HRE(<3500 m)iT

DOI: 10.12677/me.2025.136135 1208 i AR


https://doi.org/10.12677/me.2025.136135
http://creativecommons.org/licenses/by/4.0/

HAHE, IR (3500 m) BUETHIER R, TUARESRIERE . WAPIRAS AN S 5 R B A BT BRI 22531
(4], HAT, SRS IUA 2 R S BN E RSN TR . SR, HIR I H R 7R
JE AL 40 MPa. R FERT 90°C, SEREHIZ B S BOA SR B R 22 5, PR RS 5%
Pl EAFERONIR Z . 7 TRAINEAEIL VRSN TUE ST, RIS 7 RIFBIRCR, 7 TR 7%
A T BEVGRANARRE AR I E AL, RAEA RIS TUA RN a2t 12, 3 RO A
BRI SR RI(GCMO) M7 T3 1 5(MD) ik e 15 BNSE[S 1T GCMC it 7 Hbe A — S AL B AE
PRI BesE A IR, D ONVEAE AR W A7 LU 7 7 2 18] S A WA SRy T IR 7T
ONAWOLE Z&[6 |4 % 2 B BAR(DFT)A MD J5VERTF 1 F e /e — U0 - il A 3R B ATy,
7 T e B O EER B, L e S e A TR IR 55 T 5 AR AR TR IR PR . YU S[ 738 3d GCMC J5
20 MD J5ERIE ST T AR b AR BT pl R R SRS B AR, i T AN, 77 5 R B B2 1] SRR PEAR O
A58 138 GCMC J7i%1 MD J5iEd 7R T TUA il J2 i ETE < B 4 CH4 FROuALA] .

HRTE X TUE SRAT BT FUR 2 RS — i o TR, B AR > TR 2 E o A
LCRIIP/ IR IO EVANG P RE GG SR DA vl ST IR 23 9= R WS = N e s T/ AT { N o G RO
Yoki ] SLEL R AT ML ALAE), HIXLE LR A AU S 35 L0 AR 0™ Y 2 [ TR S5 e TR Bl 1
XK [, ASSCLADY ) it e ——Je—  BLTUA N U R, I XS T St 5 70 7150
MAEITB, B T AR —A%E AL, A GCMC. MD M EFMD J5iEwT 7t i b7 548
2R A LR R T B ROWIR AR I S Ee T HIGRT B RS AL BB TR FUHE BOVR N BR AR D A DY )1 S 0
i J2 IR A IR S 5 9 O B -

2. RBMERVTEGE
2.1. {EBEHYE

TEF S AU 2 B, 6 FTER DY )1 st FLle 2l —— 6 — ¢ W TUERE S CP YRS 4174 m)#ET
A X-SHRATH b, LB R 1 TR o AR A BT AR 2 S el i, S R I A
HooR5E s e, SRIGHEE 59.5~75.5%, FHIMEHA 68.7%;: ZhLH s S Es —, S8
FEITE 3.2~12.1%, “P¥IMEN 9.4%. HELEIEN, DY)t Tl —— e — | B UUE Mt

A6

A5

Ad
A3
A2

Al
0% 20% 40% 60% 80% 100%
RAR KA TR TR TASA R kA A Wt MRk

Figure 1. Whole-rock quantitative analysis of shale samples from the Sichuan Basin
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Figure 2. Kerogen unit and kerogen-group models. (a) Kerogen unit model; (b) Kerogen-group model; (c) Kerogen density
variation curve
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Figure 3. Pore model of organic matter—non-clay mineral composite
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Figure 4. Comparison of experimental and simulated excess adsorption capacities
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Figure 5. Methane occurrence states in composite pores under different pore sizes and pressures
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Figure 6. Methane density distribution curves in composite pores under varying pore sizes and pressures
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Figure 7. Schematic of methane molecules stored within kerogen
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Figure 8. Methane diffusion characteristics. (a) Mean-square displacement (MSD) of methane; (b) Diffusion coefficient of
methane molecules
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Figure 9. Schematic of fluid flow in a nano-slit, velocity profile and the corresponding flow regions with slip length [25]
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Figure 10. Variation of methane molecular flow velocity with pressure drop in a 3 nm pore
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