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Abundant reserves and great development In 2025, about 76% of total U.S. dry natural gas
potential of shale gas worldwide. production was from shale formations.

Shale gas plays a crucial role in global natural gas supply
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4 Rich in organic mater (kerogen) & Well-developed nanopores ¢ Complex fluid component
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Hydraulic fracturing (pressure drop)
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CHq4 Desorption

€ Heterogeneous distribution

CO: Adsorption i

High ratio adsorbed gas leads to low recovery

It is urgent to clarify the dynamic mass transfer and recovery mechanism of muilti-
component shale gas under different development patterns.
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The adsorption behaviors of shale gas and its mixture with CO, in various
shale nanopores have been extensively explored.

Limitations
®Focus on the equilibrium state and ignore the dynamic process

& Pore is relatively simple without considering pore connectivity

®Pure CO, injection involves inherent shale gas chemical potential difference
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Simulation
Workflow

Hybrid GCMC+MD

Chemical potential calculation

|

GCMC simulation

Initial reservoir state (P4=30 MPa)

Initial state=30 MPa

l

Pressure drop to 5 MPa

l

CO, soaking=30 MPa

CH,+C,H,

Equilibrium properties
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Assuming instant equilibrium in fracture region for each production scheme

Pore region (P,) + Fracture region (P,)

CH4+C,H,

Pressure drop (MD simulation)

Equilibrium properties (P;)

Pore region (P) + Fracture region (P,)

CH,+C,H,

|

CO, soaking (MD simulation)

P,=30 MPa P,=30 MPa
} il PR-EQOS calculation
l for composition determination
.............. CH4+CZH5 CH4+CZH6 l
l : : NVT MD simulation (P,=5 MPa)
l Pore region ! Fracture region CH4+CZH5
L1 L2 E
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CH.AC.H CH,+C,Hg CH,+CyHe
+
l 47 2g P,=5 MPa
P, P, provide data L,
l PR-EOS calculation
CH,+C,H iti inati
_____________ 4 +CoHg CH,+C,H, for composition determination
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NVT MD simulation (P,=30 MPa)
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H,+C,H =
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CH4+C2H6+C02 g P4=30 MPa
7 7 .
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Equilibrium properties (Ps)
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C,H; in micropores (1 nm) gradually increases during pressure drop
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CH, production dynamics during pressure drop
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C,H¢ production dynamics during pressure drop
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During CO, soaking, both CH, and C,H,; gradually decrease in all regions.
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CO, invasion dynamics during CO, soaking
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CH, distribution at equilibrium

n 600 600 600
Micropore | o ' (@) ‘
Mesopore (o) - c -
_ L 450 9 - - 450 = - 450
= 2 o . éé .
- L3002 v - 300 (o) L300
c 7 : 9
= I
150 Bw 7, - 150 o - 150
- 2 [} L U -----/-M: ----------- - . X
0 m ! ' ! 0 T T T T T f T T T T T 0
12 8 10 12 0 2 4 6 8 10 12
— —L) — Z (nm)
W A 3T T S A SR
‘. . " ce g}%ﬁ;‘{ﬁ(‘%‘x} e

o .

oo ¢ ot G 2 .
oL

M Giﬁ‘\ra&
@ Fee

5
ok o
L

i M{:E‘AEJ
P, ) ‘
|
¥
$23
B
{
1
.

'\\\

s
»
-

iz
b
-,
o
:~;’:‘$“ @ “; o,
- d 3 3 2
» S0 & hen »
s t2 AR 0L R R B A
¥

R

Py,
=
Kb'h
ap?

>
£
e

L ol 2Ty
LY w<y wwﬂqﬂa
e
-
L
Lol
P
AT s

2 b
z‘ -
g
" (,.:‘"'::n,q'\-\é'\
Ty -
qewz”wﬂ, ;
:‘\‘; L] ‘“m? m} ¢ y 5 P ot
%%
b
N
53
":::-.,
-

&
Ll
56 tp B t
l .‘ e i“f{"{,m :‘ I
3 L AP RN e &
- s ol oo g: y f-ser‘fjﬂﬁé f{'sﬁ o
< o . St hin slu S “etE” ey ¢ vl

€ Both adsorbed and bulk phase is recovered during pressure drop.
€ Only adsorbed phase is further recovered during CO, soaking.
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C,H.distribution at equilibrium

Adsorbed phase can not be recovered during pressure drop
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Pressure drop work poorly in small pores especially for heavier gas

CO, soaking work poorly for shale gas production in large pores
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Conclusions

@ Pressure drop is not favorable for C,H; production in micropores

& Shale gas production present different mass transfer pathways
during pressure drop and CO, soaking

€ CO, soaking enhances gas recovery mainly by improving the
mobilization degree of adsorbed phase.

¥ Smaller pore sizes and heavier gas component contribute to

superior recovery efficiency during CO, soaking.
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