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Stability Assessment of CO, Geological Storage Based on a Fracture Network Model
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Abstract: Fractures serve as the primary storage space and seepage pathways for CO2 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 COz-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.
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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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Fig. 2 Fracture mapping from a sandstone outcrop of Yangchang Formation using unmanned aerial vehicle photogrammetry
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Fig. 3 Selection of feature points from outcrops of rock fractures.
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Fig. 4 Representation of the rock discontinuity orientation.
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Fig. 5 (a)Geological section. (b)Spatial distribution of natural
fracture traces with red segments representing joints and blue
segments indicating bedding planes.
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2 B S A Y

YIIRAREY
AHIEFEHE T T0 AN LKt # 2 1 Hh J5T 5 R RS
HARULEEAL T 6362 RAM CO, M EA7 — 4ERUE A
M. ZERE BT FHESSE . DaEEAKEER
M, HhmatEEa s aniEn. BEMRRRGESE
LEN. EEHEA 2021m, #ERELH 75°C,
BRSERN 40mX 42m, KA BRTME S, L
B 41,942 MR TTHN 3,407 NLFETT, WK T Fis.
B BN FCN TR ENIA T, AT KR T
Tt MEEWIEMAIEE R 1, YIWEE TN 22MPa; EASF:
AT RERI L, EREEAN, BT RERE 25 RiIEA
JHAN 25 RYHUH. BT ARBFCIXECY “A R RHE,
s ZHR N 2021m, [HlE CO, Al Fk 25 (Nordbotten
et al.,2005). AT RGX CO, IBEIFEMT, B
FLRTE T =R EOAR A, A B R A R AR
R EBRAIZRRA,

[TRIYE RV SV VN 8

(1) 52 RNEK-EBIR A CO, AR, ks
A I 7 5T A

2.1

(2) AT R K b B A7 R R P (A B 17 A
W AT

(3) RGuilh R FIE E s

(4) AR R A Langmuir 7% B

10m

22 m

[N
t

- JE I Il L ‘

; = - JECGE AT I -

w“,r\\\\ i & — B y ;
Wl = B o \ - y >

fﬁ = IL J--_\l/l/“‘ I/ \\'//./“\1 L.‘ s ] ?\h‘,v\
E
g
A

b 40m i

& 7 YR

Fig. 7 Physical model.



22 HEFRE
221 AE RIS RIAL

COMSOL Multiphysics /& — k3t T HIR T L%
VB R & DT B, K2 AN Z A (Porous
Media and Subsurface Flow Module) 7] & RS -/K
FRIRBNILRE o KR F* CO,-Eh /KA J2 RIS A% 1 2 ot

SPAE TR B ETT R, MR T — S AR T

PY. LGRS 5L A AT SR SR

sc-CO, AHMIER /KA ) Joit 22 531 77 12 9 -
g(gopisi)_'_v.(piui):Qi ()

KH: o AZAN TR, BN SN i M
MR, TR poN i MR, kgm’s O N i H
(RIAHARII, RS sc-CO, FIER/KIARAE, (RIE 0i=0
w; N i FHIIA PO E, ms.

1 8 R L T I A AR AE 2 AL A
s, HAEH TP, LIS 55 (Kong et
al 19998 T ¥ R IE VI e/ R, it 5] AFEXZ
B RFR IR B RE ) BRI AR, S5 S BE R 1%
AR )2 5, e & T2 MR iRz i i . i
AN T5 R FHIE TE B R R

u =219 (P pg) ®)
/ll
Rofts & HEZIARBBEE, ms b, i HIHRT

BER, TEN; w N i Mz 1B, Pas; PN i
Jj_ijj7 MPa; g%iﬁﬁu@rﬁf m/Sz.
B (8) AR (7) K, wRAEBIPAR IR 5 -

é(wpiSi)_v[pi%v(E _pig):|:0 )

2'-(11?}1&11%):[?/\ mﬁﬂ(ﬂzn sc-CO, PitE G=w, n),

DRl 7K A sc-CO, 1R 56 A HI3F 78 1 FLIR 2% 1], AR AN
FEZ AN 1, f# 2 B AN T RE N -
S, +§ =1 (10)

BUNE ST P AT LA E SO 77 2 2%
P=P-P (11)

c n w

R UK ZE R ETEMR CO, HB5 LIR N S FEE T

FEGT, REFEMZETR COo, BEN CO,
ﬁmwﬁiﬁcmwwwﬁ%Zﬁ@m@amgm&
B, BAL ST CO, e i AR A

m, =¢p,S, +(1-9)p.p, (12)

PP

A H: P2 Langmuir "% 77, MPa; Vi &

Langmuir P fHARL, m’/ke.

BHE ) P S5EFNREE )X Z R A Van-Genuchten
B, P FE R AR SR SR KA AN S, FIE ) P
R, 4 R AL AR 2

EhIKAH P17 7 72

%(rﬂprw) - V[pw %V(R, - pwg)} =0 (13)

sc-CO, FH 1T 77 2

8 P P P dp
— S V 1_ L _—n___n 7
at(q)pn n)+pnspc Ll:( ¢)(P+PL) 6t P+PL af}
_V {pﬂ kkrn V})W’ +V(pﬂ kkrn : aPC VS" _p"gJ} = 0

n lun aSn

222 RIRAABR I AL

HE - E RN W AR, A SCH
COMSOL H 7 A PU e - A48 3 1, B A
BRI EE 1R, REEEAE BRI NA T, K
fiff 2R B AL B T S o B A B A8 I g5 20 =X
K, HBER S5 dili R R

@:%% (15)

HB R E T R 4R

SRAKA T 2

3

d,
d; %((p,»pw,) +Vi [ —5 AV

17 Ve J d,Q, (16

sc-CO, A P4l 7 #2:

3

0 d, OF,
d, 5(‘/’1'/% )+V, [—Epn (VTPW + gvTSn H =d,0,

n

e d AREETTE, m: o NREEALRER (K&
PRGN TLEAR T, Fib o=, TEN; ZiHik
FE—#O, REEBEER.

223 thEE TR =H T AL

FLBR AN .

¢>=1—(1—¢o)exp{—(€v—Evo)—%(P—%)} (18)

e o WHIGSLEREE, TCBEM; & AN,
evo NVIIEIATANAS s K e i ZE AR & Py W)
GRS ST, MPa. i, [P R AR R x, y
PIANTT A3 0 8w, v, HRBN AR AT 3RS

_du  dv (19)
dx dy

1BF HAET R AL B RN N



k_(gY

P ‘[%] (20)
K k) AZANTRIVIGE BB, m?
TEFE S 2, X TR IR ERRL, 3 22 P 1

TEN:

o, +F£=0 (21)

b oy RN AR E, 125K R mFEE, /I
;=000 » TEMN;: F, NERIHE, N/m’.
FRYE) LRI, BTSRRI RN

o, = 4¢,0, +2Ge, (22)

v
A A VhiMEHHG 0, 79 kronecker delta 775 (4
=i I, 9=1, Mi# i, 6;,=0); G NEIVJRE, GPa.
ARG 5 AL 9% R TR R
& = %(“i,/‘ +u,,) 23)

5 & LB AR T F BORE R, 49 BT RN ) 5 T
KEN:

o, =0, —a-6,-(AP, +AP)) (24)

KH: o Bito REL

7 B 2 S BN TR A K BRI AT, 1R
B AR R ) OB e e A, A, A9 30 AR
SEVAVSF

P
oo :—(/1+2G)§[5L P+PJ (25)
i L

¥l 33 A 26) 1, /3] x, y 7 L/
2339 U5 R

2 2 2
lag+GPau+au+av]_

2 o o a
a X X y X0y 26)
(AP, + AP
[0,’ ( W+ ”):|+F;ads :0
ox
2 2 2
/188” G 6_\21 26\2/ ou |
0 oy~ oxody
27)
ol a-(AP,+ AP
[a ( W+ ”)]_i_ﬁvvaaﬁ :0
oy ’

TR BARSHOLE 1.

* 1 BENESY

Table 1 Computational parameters

ZH EUE S X S

Fin 0.4475X 10 m/s FEN T Pavan et al. (2024)
D 1093 kg/m® KB RE Nordbotten et al. (2005)

0 723 kg/m® CO, %% Nordbotten et al. (2005)
1y 8.485X 10" Pa-S ThIKCRG Nordbotten et al. (2005)
73 0.594X10*Pa-S CO, KL FE Nordbotten et al. (2005)
S 0.2 AR Eh K LA

Sy 0 B 4x CO, RN

T, 348.15K i 2R E Wang et al. (2025)
P, 22 MPa WG R S Wang et al. (2025)
P, 1.9 MPa ANOEBYES

m 0.5 EN PN

P, 5 MPa Langmuir W 1% 71 Wang et al. (2022)

v, 0.005 m*/ kg Langmuir % F AR Wang et al. (2022)
o, 0.1025 W AEWIIRLBR Wei et al. (2024)

2 0.0258 TURWILRFLRR % Bai et al. (2022)

k. 2x107'0 m? W BB B R Wei et al. (2024)

k. 1X10" m? TURWIIRB TR Bai et al. (2022)

ky 2X 107" m? JFEIBIER

dy 0.1 mm BRI Fu et al. (2020)

E, 27.71 GPa WA A& Wang et al. (2025)

v, 0.241 =Rl /N Wang et al. (2025)

Pr 2600 kg/m’ A Wang et al. (2025)

E, 22 GPa TUAEM IR E Li et al. (2020)

v, 0.25 JUA AL Li et al. (2020)

De 2650 kg/m’ TUHREE Li et al. (2020)

a 0.8 Bito &%

3 AL

AT HEE T Pavan £ A\ (Pavan et al.,2024)FAE Y 3E
FTHRAE . ZAA YK 5000m, & 50m HIHIE . BiR R
PR 2 e [R) M LY, MU B B e Sh /K AR AN . 7



BAY e 3d FE DAE e S 2y N A, AR B R
AR T . B 8 R TAMFASECT, #
FAAR SCHIFF2 77 15 R0 Pavan %5 A 177145 E 1) CO, A4
BAE B FRGE . EERIREIT B, ARG,
Rt A BEIRK Bt 2. B, gk s iz ibiE
¥, JFEEIER T AMTEME LR R, Ak
T LRI S N B3 3R 3 Fgne >, FF BE NI R
B AR BT > o AR T AR SR R
FEASARSKT CO, B HIsEma, PR AAR AT A E 3R 72
Fto UEAh, 1500d JEE AN S AL Pavan
S NTRN Caseii (a) 34T T XTEE, 41 9a 11 9b fir
VNPT i N = R 7 il [ i = K L P 7 = M v
FrAb — A BRIT RS (P EE 25 43 79008 601m F1 660m . i 51 45
REW, KHZAAN PRSI BER I T 64 E T
) b T B A 07 T R R8I T S .

0.7
0.6 b = =okE
Pavan et al.,2024
= 05 % &YX TR
w L
04 |

0.0 . 1 " I ba o 1 1 R 1 " 1
0 200 400 600 800 1000 1200 1400

fif 2 ERME (m)

& 8 1E8 Fih R CO, tBFIEIEIIE

Fig. 8 Verification of the CO, saturation profiles of the present model
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Fig. 10 CO: saturation distribution in three geological models at different times.
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Fig.11 CO: saturation distribution along depth profile in three

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