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Stability Assessment of CO, Geological Storage

Based on a Fracture Network Model

Li Yanyan, Zhang Ziwei

College of Architecture and Civil Engineering , Beijing University of Technology, Beijing 100124, China

Abstract: Fractures serve as the primary storage space and seepage pathways for CO, geological storage, directly influencing
storage efficiency and long-term containment security. This study employed UAV oblique photogrammetry to construct a discrete
fracture network (DFN) model of a fractured sandstone reservoir within the Ordos Basin. Subsequently, a fluid-solid coupling
numerical model for CO,-water two-phase flow was established using the multiphysics simulation software COMSOL
Multiphysics, explicitly accounting for the matrix-bedding-fracture system. Key findings reveal that CO, preferentially migrates
along high-permeability bedding planes and fractures. Horizontal bedding, combined with low-dip, low-connectivity natural
fractures, impedes vertical seepage, thereby reducing the risk of CO, escape into the caprock. The fracture network accelerates
pressure transmission, inducing significant displacement responses. The initial rate of displacement increase was found to be 6.2
times higher than that observed in the matrix model. Consequently, accurately representing the multi-porosity system
encompassing the matrix, bedding, and fractures is crucial for assessing the stability of CO: geological storage.

Key words: CO, geological storage; fracture network model; storage potential; environmental science.
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Fig.1 (a) Elevation map of Ordos Basin; (b) strata characteristics of Chang 7 Member in Ordos Basin
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Table 1 Computational parameters
28 B g e L7k 59 A oF U
r, 0.4475X10°m/s AR Pavan et al. (2024)
o 1093 kg/m’ oK Nordbotten ez al. (2005)
o, 723 kg/m’ CO, % Nordbotten ez al. (2005)
s, 8.485X10'Pa-S EhKOR: Nordbotten ez al. (2005)
@ 0.594X10 ' Pa-S CO, K Nordbotten ez al. (2005)
S.. 0.2 Bk A K M A
S 0 B Ax CO, M Fl iz
T, 348.15 K fith )2 R Wang ez al. (2025)
P, 22 MPa WIR M )Z TR T Wang ez al. (2025)
P, 1.9 MPa AHEBAES
m 0.5 ERUPE e
P, 5MPa Langmuir W B i Sun ez al. (2020)
v, 0.005 m*/ kg Langmuir W% f & £ Sun et al. (2020)
@ 0.1025 b # R LB % A1 %:(2019)
o, 0.0258 U B IR FL BT 11525 (2022)
k 2X10 "' m? WHEMIRB BR 434655 (2019)
k 110 "m? TR IR B &R 13 5%(2022)
ky 210" m* JZHBE R
d; 0.1 mm RAEIT I i 424645 (2020)
E, 27.71 GPa b A Wang et al. (2025)
v, 0.241 [UEZR LV Wang et al. (2025)
o 2 600 kg/m”* b % B Wang et al. (2025)
22 GPa U b At 2% %(2020)
v, 0.25 TUA IR L Z= 45 (2020)
0. 2 650 kg/m”* R 2= 45 (2020)
a 0.8 Bito &K
6] b (8 0 ) 37 - 7 7
2 2 2
i G(2”+a” a”)—
dx dxz*  dy*  dxdy
, (26)
dla+(aP,+AP,)] N
+F, =0
dx
2 2 2
Aae\,+Gav+2av 8u>
dy x* 3y2 dxdy )
da+(aP,+AP,)]

dy
T A0 BAR S A 0 3 1.

3 BRI

+ Fy ads O

AW 58 3 T Pavan er al. (2024) (1 R 347 5

UE . IZ R R K 5 000 m B8 50 m BT . AR B A i
Bl A 5 1o ] 1 L34 S5, 00 4 R 3 19 AR A
A 7 O s S DR o 38 T A Rk, B Y
LN A TR s B K 8 AR T AR R =

0.7
0.6 R\‘ E’: co, BKE
L\
‘\.\
h=S —~— Pavan et al.(2024)
. 05F s = —— AT TR
< ~Xx
1 '\\_\
§ 0.4r Y
= 3
= .
> 0.3F 14
" 1 X
i \
0.2 i
‘L L 4
0.1F ‘k
0.0 1 1 W 1 1 1 1
0 200 400 600 800 1000 1200 1400

fi# J2 b T K (m)
K8 BRI B30 5 CO, M A S HiF
Fig.8 Verification of the CO, saturation profiles of the pres-

ent model
a 601 m
T T s
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
b 660 m

| Y |

B & 20020
0 01 02 03 04 05

9 CO, Mo
Fig.9 Comparison of CO, plume distribution results
a. Pavan et al. (2024) ;b. AR TAE

BOR A AR SCHIFSE 7 5 R Pavan 45 A () J7 2545 5|
1) CO RT3 HAE i ARk e wI s B B, — 44k
et A2 B IR A K B B 2k S, Ak
e 2k S 1) JzE A 3E RS, T AE E IR N A ZEGE)E b
SIS = (i OF | ) N RSl U R T S
Wik /b, JF HONTE AT 5 2 R AR AR SR ATV R
W D AR AR SCR 2 SRR E AR R XT COLIE B 1)
SZR PRI AR R O3 A A R 25 S L A, 1500 d
Je N B AL AR Bk P S Pavan S N 0 Y
Caseii(a) #EAT T XF E , Q& 9a A& 9b fir 7~ , P i 445
TR0 AR P I 7S 18] 43 A AR AL 6 )2 T Ak —
AL Bk A #% 09 BB BT 43 01 R 601 m A 660 m. 45 SR 3k
B, SR F 22 AL A J03 P AH 3L 20 A5 78 7 S 4L T i )
I AR BT AL S R T LA R A I AT

4 %%

AR S S B B S T )2 B 2 A A O



4 U 5 A 6 4080 ) C O T B 77 B HE BT £ 353

=25d

©|

=50d

0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0

0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0

=
0

M

-

S =
> o
£ &

E 10 AR B[R] = b b 5 A A9 1 CO LM A1 EE 43 7

Fig. 10  COg saturation distribution in three geological models at different times

ZN CO, iz # K 3R T FE J1 /Y 5% . T 84
iR LCERSN T COEABBLY BESZ
SN AR - G SR G I U 3 - A1 8 = A A o TR ) =
B X CO, 3 A7 R0 F K W 22 2 1 1 52 i)

4.1 EEFHE COMEIMEMNEIE

Bl 10a &7~ T COLTE %5 A1 ik IS AU v (1 S A4 1
R Sy A AL 2L B T AW, COLTE T A F B i 2R
8, T8 BLJR FB  ARR B X 3K (S, >0.2) . FEA E =
25 d B, COM M Bl B &P e .COM B F L7
LN RS (1) F K2 %E)Z (K<1 mD)Xf CO,
T (0] 2 B W BB A 5 (2) LB T A 36 2 W = B
Y45 ) T B0 R AR T BE AR AT
COLA S U /KT J7 [0 97 8, A2 TIVE TR 1) 6% 2
T & 4, TR TR (S,=0.340.05) & & & TR &6

(5,=0.2540.05) By 13 F1 BE 43 A R AE 45 LT A S
() 25 d W Py, COM AR 52 B 2R G0 Mk I ka 3
FLJFE R AT U398 k. (1) 3 AR J7 91 8051 & I R 558
G35 (2)3F ST IR N RS B F BUSAH 1 (3)
025 FLBR 6 41 1 % COLIY 1l 82 4R HIE Wusk A S fn
B AER R EIBE T, COS AL 2 T i
FE A IR A 2 LS, > 0.12 R P ik R S
LA fr CO, PR ) 5 KK R BB o 10.8 m.
Pl 10b JE R T & J2 B 1 09 % )2 COLf
FE(S,) [ 28 o0 A R AE . il T IEA DEE T /& B 5
P ZHFEEARE ST, COMLAEEA
BB R R RS Rl E R A
CO, P 1 Fie KK T 97 J B 25 4 2 20.8 m, 5k
Jo R R KN 43.45% . # 2k A 25 d 5, CO, 1 7%



354 HIKEL http://www.earth-science.net %51 %
020k par M A RRE T CO MY B AHIILZ T, & 28
— 3 R R A B A5 RS Hp 2 B Y R 9B B PR O COL Y 2
0.16 AN B, COLMUEY B, A F I CO,E [ I 4 5
= 7T O 5. . 52 0 2 5 ) CO, 16 5 5
= S x5 % AHAEVE A FE 97 (h=>0 m) B % 30 1 £ B 19 3%
= oo f i T, COL ML IE H 7 52 SR 6 16 A0 5 7 . % ¢ )
. f V\\ 4 L A RS 3 L0 B R AR T
/ COLM T 15, M TTHEIN T COL 9 T 1o (L A1
0.00} *I—-«JI L L \—I» 42 BEMAENKREEHWZIN

1
-25 =20 =15 =10 =5 0 5 10
il T 5 2 (m)

11 kI 25 d 5 = H 57 455 80 v ) 1 VR BE ) CO LR
BE 5y A

Fig.11 CO, saturation distribution along depth profile in

15 20 25

three geological models after 25-day shut-in period

KWK TR EREE LEE, 2B
R TR WS B OR T A )2 Y K T L B
B LA R i3 )2 B0 B 0 9 A BRODR 2 A A8 5

K 10cHn T 2% EHEES 251 CO0E %
W) 3h 71 2 FRAE .t T R4 M3 B R e T 5 Z
B, CO, AR 186 B 3R 3l T 1 5 W 24 4% W 2%
TE R 35 i 1 . 24 4E -2 B A h CO, P Y
e KOKSF9 R B B iff — 20 18 & 25.2 m, 43 i) J& &
J R TR R B R A 174N 121 4% Rk R
P4 AR R LA AR A e 850 o o B 2 A 2 0 )25 B AL I
3 R IR T 1] B BB AR CO, 28 1 T 1] B R
Pl ) b iz % ;MK A B 28 A% 0 R 1 S 4%
eI CO MMy # . E Lk A 25d 5, AWK
CO, iz B F Tl E , K CO, i o 2445 )2 H X
%ia B &m0 R AE B PE 22 5 3 CO, 7 24k
RERER R 5 SO e R S RS N AR

B RR T 6H 25 d Ja, = Fh i A58 Y (3 i
B |2 PR LR - )2 B - SR AR ) (1 C O, M AN
i ) TR v R AR AL L PR R DA A Rl
e ] 6P FR R, O T 5 W g 8 W &
(—2 042 m<<h<<—2 000 m) i fb A ( —21 m<h<<
21 m).25 dy" B G 7E COLEA H E 75 (0 m<<h<<
11 m), CO, MR FIEE 2 M T B B i A T 5 (h<<
0 m) 1 CO, M FEE 5, 3 2 T AR & IE A CO,
% E AR TS SR B, DT AR L 3R
CO, A &l Fiza® . & & T e B A3 m (A>11 m,
R % 36 J2 Bt 1m0 ) , COL M A BR R X 36 W 35 )2 47 5%
BT COMY B AE R B AL b i 2 T 1) &

W 12a BT 7R S A B R rh i A COLJE 1Y)
IKFE 3 43 A R AE AR TE AR, T A 2R B
B R X, (B AR R T R T A5 A 4R 5 B TR O
BE A, RE A b AR m sl b 3 . 24 5F
SR EAE 25 di, B R E I E 20 m JLH L 2
i )2 5ARE 3 Z B AE 2 ) JE ) 4% 3 22 2] 4
il L T 22 A T Y K T i AR B i
D7, S 3O ) R T R AR R, PR T S (E LR B 2 AR
S W 15 e SR A4S IR G Y 25 d, RGE 1 R
BRRE s[RI, i T3 7 43 AR L COLP it IR 4% B2 LA
FE w2 T O BAR K W ) R R X s B H AR
COIML = 1 B AN BH 1 5 79k &2 3o R 9% i BELAG

WmE 12b s &R L2 LI H COE A
iR OK R S AR AR AR, R R B
i 2 PR 2 BRAE Sy R ) R 5 0 p A E JE
TR AP BHER . 2B 2 AEBEZENHE
P4, 3 1) K A% 8 3z 2 5m 200 L 8 A A R
J1 BB, T BOTE ) R ) R R R AR T OKE
g A2sdn,2E A REMZmN, CO,B
WitE w2 R T B, S B 2 Y AR I R
X, 6y S (E 2k 5 B0 A9 B R AE L K O
LB AR TR SRR, AR 3 2 AR 4
A AT 25 dJF L JA B Y COFFLLY 8L, B0R
F b R S PO REAIG L (H 36 )2 T 7 19 COLBUR X R
T WG . Z TR SRS, B A CO M R B 5 2 B
M FER I ERE T ENRE, LR K B AE
(O el , W AL TR AR R IR UL
SEAT R B A 2 G MR R ) AR AR

W 12¢ B s o & 2 8- 24 8% () £ FL 3
CO, E A B W 7K R 1 o i R AE . T AR, 2
HEAEN CO,ZB M FHE, M CO,TE M %451
PR Y R e R A L H b T ) 24 4 R 4 R
] b A% 3 (0 T AE R ) 2 A% ) 5 2 B AL R R AR
BEm e i iR RSEA S AR, M2



e S L4 5 L ) C O M 77 B2 A B 955

t=25d

(107)

I .ﬂ-\ /'-Ill-nn-‘—\ /

2.0

2.6 , \
1.6
A 15
. 1.4
: 13
‘ 1.2
. S
' 1.1
. 1.0

|

i

1) t=30d (109

10.4
10.2
10.0
9.8
9.6
9.4

(107)
2.02

2.01
2.00

1.99

1.98
1.97
1.96
1.95

1.94

1.93
(107)
2.02

/ \_.-.-uu-/

2.01

2.00

&II»

1.99

e T
e —

1.98

1.97

“iﬂ‘“‘

1.96

1.95

1.94

K12 SCIF 25 d i =l st JBOsE 28 ) 2 1 T

Fig.12 Distribution of top surface pressure in three geological models after 25-day shut-in period

P AE BT R B 2 D A R T
53 AR L [E I 52 E ) o e AR FHEK E), COLFF 22
e N o & = g o BT S T A = A A e
25 d Ji , K ST U 4 k2 PN 4% R SR AR HL, S AU
ZI ARG IE A L, 35 2R COL M R & W 3
A IR RSP R TR ) 4 TN T L

RIS JER T 63 25 d i, = Fh it i 455 7Y (3%
B R AL A A BE - 2 - R AR 1Y CO,
JE 7 B ) R A AL B R AR (— 11 m<
A<<11 m) " A5 CO, E W fe i, 1M & )2 (11 m<<h<<
21 m)H i CO, FE J7 W1 b B AE A 2 b B R 0 i, X
KU HEZAHBHEIE T COR Y L. K WoR e TE
A B DT W AE, 1) T M2 T bR e e, (H
A EFEIEFEAD T KD, XFEH CO,

WESLE 2R Mg m sk VB EART, E
I A H R B R R R B R AR Y CO, R
Ty T R 3R 2 B MR8 o CO, 1Y
FEBHIMIE , CO, 3 A [ B, AR )
T 4 48 35 38 1 fe ik, CO, 0 1 4 48 B i 1 2 % A4
iR R R R EME L TR, SBUR .
TE A 77 B AR 0 CO, M 25 78 FLBR o 19 3% 3h g
77, AN 14 T 7 AN R i T 4% 44 R A H R 7 BE S [R]
M AR Ak R AW, A H R T IR I E 3.6 X
10" Pa. Bl A 1 AT ] A 380, ) 2 i 8, {H 3 -
JZ BB R R 5 - 2 - S 4 A R 88 T O R R
AR EIE S RS S B S 7 I FEHL,
- AR AT R B OB R R AR T 4
40% R W2 AN 4% W E R R T R R B



356 HiBERBL2%  http://www.earth-science.net %51 %
24 —— A 10 | B
212 == LR AR 9+ I —O— 5 -2 PR
: —A— B R - : —A— JL - P2 4 R
S8+ lM‘—;
210 e
: pasety b
= 208} /‘“:::‘ N 5 o/ i
E /v—. ~e £ or 4 |
= 20,6 - \ 2501 | o
w \ = °r el
0 = I I
= 2041 % AT if
1 A 1 : { g
2021 3] o ————1
"—*_" A/ 1
2T !
20.0F K\E: qT !
19.8 1 1 1 1 1 1 1 1 '—\I- I EAN : JF%&%@
=25 =20 =15 =10 =5 0 S 10 15 20 25 0 L L . L L L L L L L
3 T 5 e (om) 0 5 10 15 20 szs 30 35 40 45 50
I 170 (d)
A ) - IR VS ) T R BE Y COL R — SR N NI
L3 ORF 25 QR =R RBURERIRERIEN COIRID g 15 O 1 4 5 8 002 9 0 £
Fig.13 Distribution of CO, pressure along depth profile in B

three geological models after 25-day shut-in period

s L ——ERm
361+ | R
1 D B TS A
34r] i
321 l
= Il .
%30'&\ !
= 28F I !
1 26_'\\\:\'\*-\’\ 1
o N~
< 2ap \‘\A‘::‘_?;%
ool
20 t
1sf M =T paom
16 L (i 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
5 1 (d)
B4 AN R 4R A I s 7 6 et 1) 33 1k 30

Fig.14 Temporal evolution of wellbore pressure at injection

point under three geological configurations

Ak A A A H R T3 SR OF R T ) R T
Ji AAEEE CO, M P 1, & m & J# T8 ik
VNIERpa k3 LIS e S B IR i NP I
43 EEMREX LB Mm

UnTEL 15 J 78 S AN ) 25 AF T B ) T8 (2 A A 2 o
BERrh, COL AR, B AR S A X 2 — 9 A o
COL1EH G2 M ], % J8 [ A = A B/ N T
M 51 o811 52 A% f) 2 1 190y 2 it v e A B
B 45K, R AR R G B AR X D 88 ), B
AL B AR B P 2 A AR I, RS k2 T,
HRERZ W /N, BB BT TRER KBS
FUIBE A CO,L MY A Wr TE A, JE 5T 1 £L B 2 7 ¢
CO B3, CO, B4 Bl K2 9818, Xt 41 19 i 77 38
3% W78 5%, 5 BRI T RS Y 1Y R A 5 Ik
EACOJa, EA M COMEFLI 218 9 /L, i 17

Fig.15 Temporal evolution of vertical displacement along

depth profile under three geological configurations

BN B B W T — D ARUE (L, R T2 B
BT vp {3 RS RS B (RIS 7 T AR OB AL, b T
R P X R B D A A TP I, AR A
B CO, R Bode it 1 A0 X 3 i 1 38 18, CO, B2
Dy U = BRI H, A EE 2R B Al Y S R R 35
A X P B G A OB, 7 B A8 A T R A 1 75 A
[ B ] P, CO, 78 5 7 -2 B L oh B 62 07 Pt 1% 1
I T T B A T, S ] T RS G
BE & A MR E R RS FF 22 b T, HE R L 3 o
RN e, L ] Ao o 4 8 3 A /0N )R BT BROAR AT B T
CO ¥ HL (B BE & TE A B BEAT , JZ 21 B 59 1% )
B, COL MY BW 32 3 — E BRI, A7 82 4 K
PTG AFIETEA CO,JG , LB 4 K U] A8 2%
REH T RE R B B9 A7 AR A5 CO, TE 9 B
B ATy SR RE W6 A2 — 5 Y B 9 4k S22 %, {H Bl 35 1 1)
#ERL 5 ) % A A0 A AN I

e o J2= SRR v, (3 A% AL A (B S T
JZ A RUAR AT, {5 b 3 A AR R
4N CO Mz R Ut T 1E , CO,REMS M 3 iE
1o S B A AT rh I, DT A I ) P X R e A
PR BB TR Y, 1R ) A RS B PR b T R
CO MY FFEEE A, ALA% L TH 3 B TF U6 1, (EATS 9K =i
TR AL TR D D SRAE BOOR 1 ) T
CO.Mz % HEEH CO, MY 1L, 2L5% 7T AE 23 &8 70 Bk
A0 PURL AR 3 2 B SRR A B Y T ) 3 A
1 AR 118 B R A, (LA 0 KR 2% A5 1k
A COLJa LB AEY BT BEY IR A — RE Y35 K, (HL3
K B 2 s/ I TR e SRR YT Brak 22



51 2 U UG BT S A X 5 AL 1) COLHh I 3 A2 5 PR IT-f 357
007k R 033 T EAmA
: —&— 5L - HRE Y 1 SRR R AR A
—A— - - AR R 0.30 | T EARE- RN
0.06 J
S e e ey 025k ‘ A
m 0.05) //tf' S-St ' i p ot
Hé ooal / fi# 2 53 0.20f : .,f//
= o015k N’ 4
& 0.03} : f/p\,//
11 w,"//r‘m/
0.02} o.10f 15‘;/ |
P/
0.011 0.05r P74 |
AW L | 5
0.00 0.00 La ba m}// 1 1 1 1 1 1 1 1
0 10 20 30 40 50 0 5 10 15 20 25 30 35 40 45 50
i 11 (d) i i (d)
16 =l 5 8 50 v i 55 )22 2R 48 COLAR B2 B [l 3 A BI17 AT T 32 CO Rt ki 1t
KL Fig.17 Cumulative CO: leakage rates through caprock under

Fig.16 Spatiotemporal evolution of CO, volume fraction in
reservoir-caprock systems under three geological con-

figurations

B CO, M is B , i 15— F AL ik B 18 75 5 K3 N
P8 AR BE & D1 i, 0 B 1 2 Ak 3% 4 E
44 CO.HEREM

16 &R T it 5 )2 R 40 T COLMR B 43 H5 Bl 15
6] (4 AL R AE . B3 COIE A R IR 4E, RGN
COMRF TR I a3 A 25 10 R AL, CO
R EE S BEEA R, 52 COMBL 5L
TR b (AR AR R K X — %
LKW AUH D COLREB 5 3% w4 )2, R 43 CO %
AR EAFEAE)Z NS A IS, ZE N0 5 1E

M, COLME TR JZ T 7 FFEL LRI AR Wi ) 35 2 i3
5 AW B H, 35 2 COL MR 43 $4i 3
o R 002 R AR LR B AS [ M ST 25 A 1R R

(D TEA & BT R R, 6 A 451 B0 1
— G RETE  NIhRARAEE L R R A
INH B BTG, K Y CO.m 5 2 7Y ik iR
IR, K 4> COBl A7 %5 BRI 78 6% J2 P9 356

()Y EHEEZ G, BB REHN
A5 S —— T R b 2 YO AT
SRy ar A, B E RN, CO,is
B 2 AL Ty 38 A, H ) B T CO, Y A
iz %, R e Pk 2 35 )2 W CO, & D .

(3 TEH AR L5 AW R T W& s
THEE BB EGE K COHE B Ik E , iR COLZ 1Y
TR IE 5B COAE REE Y N R R 40 . T
A v S 4 57 S PR A 22 H 2 448 AR 4/, COLL
i iE B S IR R R A LT O R A

three geological configurations

SR SR R A T AR (R ) I
Tk R COL B ok A
T, T 7 1 CO, 19 e ik e e

H B R COL T 3 2 A9 T BLUAY KOs
TS GF A0S0 31 A i 3 1 46 47 L X 2 o
Ok 3 H B3 4 A M L B

e b, = (28)

injected

KV BEA 25 d G BREBFGFATEE T
CO, B, m*; Ve T A 25 d 5 BT E A2
1) CO, M BARFL, m’.

Viieerd = q X 1, (29)
AP g SR AT, FE YRR R (R A R
rw.m/s; i BIFE AR E

Vmpmk:mn S(x,t)¢(x)da, (30)

caprock

K Qo F 35 2 WYL X, S, (2, ) R B2
25 ) 7 B A 5 COLM A, TC 4 .

K17 IR T R b ot 25 48 R COL B iR B 43
QNG ST ) P RN A TR A - R L
FETEA 25 d 5, 3 A A 3 -2 B AL 3L -2
P - 2 4% B R Y 8 3R L KRl 0.279 7.0.266 3.
0.265 0, 2 I A0 3 AL, 3K — R AE 5 & B ALY
B RA B E M Bk E S 4
i 3 B B U AR S W CO2I5 78 AR ST
) J2 T b R 1) A R AE , FL S % BLAT M 22
f/NE R R, R AE A COEME N
ia A% T 43 1L, AT BRI T 1) 5 )2 T T 0 XU




358 HERFF=  http://www .earth-science.net 51 %
5 sk B 2 T e 7 K U2 B ) S B B 6 5 0

AR SCE 3P R AR AR T Aif 26 )R R G AL, Xt
LT 2 I )2 - S A b b R AR A
CO, Wz B RHAF B A 2 1R 7 00 A et R 647 T 80(E
B, IF 51 A CO.m 55 24 800 36 3% L s br , 1T &
HITAG COLM T B 77 AR E P . R BEE5 BT .

(DFER— LG E B COLME A G P 2
P59 MURAE s M 62 R B S A AR REE R A T
R ER, PR S E e EEN, &
H CO.Iz# )y ) 5 3 R A s HAR e vy Z 81
5 RAT T 10 i 8%, JF AE 28k i 1 Ak R AR RS
1 1EEA G, COL B I B AR KR 22 4 (0 32 5 ) 4%
SAEME W, ZEWifEw)E T TE R .

(2) 7 A W13, A6 kG B CO, 3R s B ek, S
it )2 R S e R TE 5 B A L R R e R AT
CO, 3K A5 5 3843 W38 B 25 8], 6 J2 16 1 3B 7 T F
M2 T Z B 5 MR, COMEIIL K mBE
AP, AT BT A CO, B 4wk i 2
JE DI AH N BE AR, R BTAE M IR 6 B 55 1 R 23 5 3
BE R S W28 M AR A B 3 A kA S L )2 R
TR EE, CO, P 7E 35 2 F J7 i i AL, sk g o
R Xk [T 3, AR G5 5 T K R ) 2% 48 [

(3)COTEANJG , B EMENRAEEN CO,is
B () 3 25 1, CO, ¥ /LI B3 K, LB & J1 Tt
L RS RO T, B RS T KO )2 4R
HEE [0 A8 I 55 18, A 2F 1 ) 6 AR S B A K

(4)CO[1) 55 JZ M 2k % T3 45 50 R . s —
JE LAY (Y 25 d ¥k b ol 0.279 7,0 5 )2 B S B
2 B R ) 0k % EE 43 ) B 2R 0.266 3 5 0.265 0. kY
T 4 A I 4 3 SE PR RN, X — e R AR T
CO, [ 1] 47 L, 5] I 400 1) R o o) B3 [ 1, K
IR LB v A K B A DU o 24 4% oy &, 01 5 R i
CO, TEAf JZ P9 19 88 1] R A, DA 3 IR T 06 3% L .
PRI, 7 B8 DX 26 R TR BB v, 0 ek e sk 4
PRI 5 il Jo 32 A A 220 1) A % 001 110 43 AT R AR

(5)FE #E47 CO, 1 A B, B 5 F b BT 45 #4) 52
fr2ESem A5 T 24 % B R E &m0 X 5, N
R E e NG Sy B A S I I R S O
SRS B CO, 1 R [ 9 8L, W) i Bl 1k I 5T %
PEEE T DL A A B 5 X8R, Tl Y R
N B R ) BB ORI AS ) R AH X 22
ALV, 785 A 2 S 1 AR K T A R AR

B, 5% CO, I B I 13 8 1 7 8, 3 K ik
FR, DT 3 ARG I T Jmg 9 s 0 e i) 0k G XU

References

Bai, Y., Bai, B., Xu, W. L., etal., 2022. Pore Characteris-
tics of Shale and Occurrence Mode of Shale Oil in Mem-
ber 7 of Yanchang Formation in Southern Ordos Basin.
Acta Petrolei Sinica, 43(10): 1395—1408 (in Chinese
with English abstract).

Bigi, S., Battaglia, M., Alemanni, A., et al., 2013. CO,
Flow through a Fractured Rock Volume: Insights from
Field Data, 3D Fractures Representation and Fluid
Flow Modeling. International Journal of Greenhouse
Gas Control, 18: 183—199. https://doi.org/10.1016/].
1jgge.2013.07.011

Cai, B. F., Zhang, L., Lei, Y., etal., 2023. A Deeper Un-
derstanding of the CO, Emission Pathway under China’s
Carbon Emission Peak and Carbon Neutrality Goals. En-
gineering, 9(11): 27— 29.

Du, S.H., Shi, Y.M., Guan, P., 2019. Fluid Filling Rule in
Intra-Granular Pores of Feldspar and Fractal Characteris-
tics: A Case Study on Yanchang Formation Tight Sand-
stone Reservoir in Ordos Basin. Earth Science, 44(12):
4252—4263 (in Chinese with English abstract).

Fu, J. H., Li, S. X., Niu, X. B., et al., 2020. Geological
Characteristics and Exploration of Shale Oil in Chang 7
Member of Triassic Yanchang Formation, Ordos Basin,
NW China. Petroleum Exploration and Development,
47(5): 870—883 (in Chinese with English abstract).

Han, L., Shi, X., Ni, H. J., et al., 2025. Fracture Initiation
and Propagation Behaviours of Supercritical CO, En-
hanced Fracturing in Layered Shale of Horizontal Wells.
Geoenergy Science and Engineering, 252: 213938.
https://doi.org/10.1016/j.geoen.2025.213938

Hyman, J. D., Jiménez-Martinez, J., Gable, C. W., et al.,
2020. Characterizing the Impact of Fractured Caprock
Heterogeneity on Supercritical CO, Injection. Transport
in Porous Media, 131(3): 935—955. https://doi. org/
10.1007/s11242-019-01372-1

Jiang, L. L., Tian, L., Chen, Z. X., et al., 2025. Research
on the Micro-Pore Structure and Multiscale Fractal Char-
acteristics of Shale under Supercritical CO, Action: A
Case Study of the Chang 7, Submember in the Ordos Ba-
sin, China. Journal of Natural Gas Geoscience, 10(3):
159—178. https://doi.org/10.1016/].jnggs.2025.05.003

Kong, D.H., Wu, F.Q., Saroglou, C., 2020. Automatic Iden-



%13

24 U 2 45 R 4 R 1 CO M TR B 17 B 5 £ 359

tification and Characterization of Discontinuities in Rock

Masses from 3D Point Clouds. Engineering Geology, 265:

105442. https://doi.org/10.1016/j.enggeo.2019.105442
Kong, X. Y., Chen, F. L., Chen, G. Q., 1999. Mathemati-

cal Models and Feature Parameters of Non Newtonian

Liquid Flows in Porous Media. Journal of University of

Science and Technology of China, 29(2): 141—147 (in
Chinese with English abstract).

Lee, I. H., N1, C. F., 2015. Fracture - Based Modeling of
Complex Flow and CO, Migration in Three-Dimensional
Fractured Rocks. Computers & Geosciences, 81: 64—77.
https://doi.org/10.1016/].cageo.2015.04.012

Li, D. C., Saraji, S., Jiao, Z. S., et al., 2023. An Experi-
mental Study of CO, Injection Strategies for Enhanced
Oi1l Recovery and Geological Sequestration in a Frac-
tured Tight Sandstone Reservoir. Geoenergy Science
and  Engineering, 230: 212166. https://doi. org/
10.1016/j.geoen.2023.212166

Li, S., Chen, J. B., Wang, H. Q., etal., 2020. Experimen-
tal Study on the Scale Effect of Strength and Deforma-
tion of Chang 7 Shale in Ordos Basin. Journal of China
Coal Society, 45(12): 4121—4131 (in Chinese with
English abstract).

Liao, Z. W., Yang, J. M., Zhong, X. Y., et al., 2024. Re-
view on Research Progress of Carbon Dioxide Geologi-
cal Sequestration Technology. Chinese Journal of Un-
derground Space and Engineering, 20(S1): 497—507
(in Chinese with English abstract).

Liu, Y. Q., Chen, J. P., Tan, C., et al., 2022. Intelligent
Scanning for Optimal Rock Discontinuity Sets Consider-
ing Multiple Parameters Based on Manifold Learning
Combined with UAV Photogrammetry. Engineering Ge-
ology, 309: 106851. https://doi. org/10.1016/j. eng-
£e0.2022.106851

Nordbotten, J. M., Celia, M. A., Bachu, S., 2005. Injec-
tion and Storage of CO, in Deep Saline Aquifers: Analyt-
ical Solution for CO, Plume Evolution during Injection.
Transport in Porous Media, 58(3): 339—360. https://
doi.org/10.1007/s11242-004-0670-9

Oh, J., Kim, K. Y., Han, W. S., etal., 2013. Experimental
and Numerical Study on Supercritical CO,/Brine Trans-
port in a Fractured Rock: Implications of Mass Trans-
fer, Capillary Pressure and Storage Capacity. Advances
in Water Resources, 62: 442—453. https://doi. org/
10.1016/j.advwatres.2013.03.007

Pavan, T. N. V., Devarapu, S. R., Govindarajan, S. K.,
2024. Numerical Investigations on the Performance of Sc-

CO, Sequestration in Heterogeneous Deep Saline Aqui-

fers under Non-Isothermal Conditions. Gas Science and
Engineering, 130: 205437. https://doi. org/10.1016/].
jgsce.2024.205437

Qin, X.J., Wang, H., Xia, Y. X., et al., 2025. Pore-Scale
Investigation of Water-CO,-Oil Flow in Shale Fractures
for Enhanced Displacement Efficiency and CO, Seques-
tration. Engineering Geology, 348: 107969. https://doi.
org/10.1016/j.enggeo.2025.107969

Ren, F., Ma, G. W., Wang, Y., et al., 2017. Two-Phase
Flow Pipe Network Method for Simulation of CO, Se-
questration in Fractured Saline Aquifers. International
Journal of Rock Mechanics and Mining Sciences, 98:
39—53. https://doi.org/10.1016/j.ijrmms.2017.07.010

Rui, Z. H., Zeng, L. B., Dindoruk, B., 2025. Challenges in
the Large - Scale Deployment of CCUS. Engineering,
44: 17— 20. https://doi.org/10.1016/j.eng.2024.11.031

Sheng, D. N., Wang, H. M., Sheng, J. C., etal., 2025. Ef-
fect of Random Fracture Network Orientations on Seal-
ing Performance of Caprock in CO, Geological Seques-
tration. Earth Science, 50(1): 349— 360 (in Chinese with
English abstract).

Su, X.C., Gong, L., Fu, X.F., etal., 2023. Fracture Distri-
bution Characteristics and Effectiveness Evaluation of
Tight Sandstone Reservoir of Chang 7 Member in Sanbian
Area, Ordos Basin. Earth Science, 48(7): 2601—2613
(in Chinese with English abstract).

Sun, H., Jia, C., Xiong, F., etal., 2024. Numerical Model-
ling of CO, Leakage through Fractured Caprock Using
an Extended Numerical Manifold Method. Engineering
Analysis with Boundary Elements, 162: 327—336.
https://doi.org/10.1016/j.enganabound.2024.02.013

Sun, Z.D., Song, X.M., Feng, G., et al., 2020.Influence of
Supercritical, Liquid, and Gaseous CO, on Fracture Be-
havior in Sandstone.Energy Science and Engineering, 8
(11): 3788—3804. https://doi.org/10.1002/ese3.736

Wang, H. D., Chen, Y., Ma, G. W., 2020. Effects of Capil-
lary Pressures on Two-Phase Flow of Immiscible Car-
bon Dioxide Enhanced Oil Recovery in Fractured Media.
Energy, 190: 116445. https://doi. org/10.1016/j. ener-
2y.2019.116445

Wang, W., Liang, Z. Z., Zuo, J., et al., 2025. The Pore
Structure Changes and CO, Migration Dynamic Charac-
teristics in Tight Sandstone during Supercritical CO, Ge-
osequestration: A Case Study in the Chang 7 Layer, Or-
dos Basin, China. Fue/, 379: 133019. https://doi. org/
10.1016/j.fuel.2024.133019

Wang, Y., Li, T., Chen, Y., etal., 2019. Numerical Anal-

ysis of Heat Mining and Geological Carbon Sequestra-



360 HERBL2E  http://www.earth-science.net

51 %

tion in Supercritical CO, Circulating Enhanced Geother-
mal Systems Inlayed with Complex Discrete Fracture
Networks. Energy, 173: 92—108. https://doi. org/
10.1016/j.energy.2019.02.055

Yang, S. Q., Hong, W. X., Sun, B. W., et al., 2023. Ex-
perimental Study on Triaxial Mechanics and Failure
Characteristics of Shale in Different Brine Environments.
Chinese Journal of Geotechnical Engineering, 45(11):
22172226 (in Chinese with English abstract).

Yang, S. Q., Xu, S. B., Liu, Z., 2022. Experimental Study

on Mechanical and Permeability Behaviors of Sandstone

under Deep Saline Environments. Chinese Journal of

Rock Mechanics and Engineering, 41(2): 292—304 (in
Chinese with English abstract).

Yuan, Z., Ren, P. G., L, J. H., et al., 2025. Research on
Whole Strata Geological Modeling Technology for CO,
Geological Storage in Salt Water Layer. Farth Science,
50(5): 1987— 1998 (in Chinese with English abstract).

Zheng, F. N., Jha, B., Jafarpour, B., 2025. Mitigating Cap-
rock Failure and Leakage Risks through Controlled CO,
Injection and Coupled Flow - Geomechanics - Fracturing
Simulation. International Journal of Greenhouse Gas
Control, 144: 104387. https://doi. org/10.1016/j. ijg-
gc.2025.104387

W X5 % STk

H2E, O, RIEA, 45, 2022, BS/R Z W7 A g i 4 K 4 7
B U AL BRURR AE B T SA i WA oK il s, 43
(10): 1395—1408.

FAE, KR, -, 2019, KAk P LI A 7 v A &
I3 T AR AE - LR IR 22 3 4% 4B K 21 B0 D A 6k 2 R
HERF 2, 44(12): 4252—4263.

P4t , 2 bht, 4N, 45 2020 MR Z WA =S R K
7 B DU I M TR AR S BB A R ST R, 47
(5): 870—883.

FLRET, BRIGE , BREAL, 1999, JF 4 0 i A 3B W 0 H it &
B R B R [/ R 2 R K 2 AR, 29(2):
141—147.

i, BRFEN, I, &, 2020, SR 2 7 B vl
SR 5 AR T RS sk B A R E AT L B R A i, 45
(12): 4121—4131.

BUEAR, CERE BT, 45, 2024, AR AR R R B EER
o8k i3k . N a5 TR 2R, 20(S1):
497—507.

BEPHI, THER, B4ae 8, &, 2025. CO, M5 £ 77 R HL 2
Bt 0 24 56 ) %) 5% 2 8 B S L b BR B 2E, 50(D):
349—360.

WA, L&, AT K, %5, 2023, SP/R £ 40 = 3 b IX 3
K4l 7 BEECE W % 2 R i o A FR AR OB R PR
HERBL 2, 48(7): 2601 —2613.

Wk Ar, wEER, FMESC, 45, 2023, AEERK G R A =
By R R R R B R A TR, 45(11):
2217—2226.

¥ %2, VPO, RIAE, 2022, IRERER K B T b S &
BiEREE R . A A S TR, 4102):
292—304.

YL AT, X 4eAE, % 2025, JFOKE CO,L MR B 77 4 4
)2 b TR AR R AE S . M EREL 2, 50(5): 1987 —1998.



