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- CCS =78 T4, Kl TOUGHREACT ECO2N #y3E /% & 47 4 CCS 4% & K B 18] /5 51 89 7K -CO,- #e- 1L 52 B A8 6 BE R, BF T A%
B ERAEFT Wyt CO, RRMEI B H G Hon, [ARER] 5 R 2 20K RAM EA A T CO, 895 LI &,
1000 <F B 69 5 403 A F ik BIEANTW 64.02%, HEE T T MG REE hEke GREFSELHEERNBRENER, £
REME BOEERAMNBEBIRE, pOFERIENEAET M, KAHMROHAETRR, RRATE 15Skgm®, KB 4
¥ B ATy G W A8 BT AARAIE R B Hrhs D, ST I AR vh, GRGHAES T 3 FEEH X YRk K, %
GRG0 AR KON 1.9% F+ 55 5 8.4% BF, 1000 - i 7 L 4 4 & A Tx10° kg 7 & £ 1.6x10° kg, T A& 34 5] 9x10° kg,
(&it] RAEFT Wi EAe b B A2Hrh CO, RRAMEMNMNGHEE, FFRRRTHEARACIA CO, #H A TRK b
FIER Ak CO, 374 R ik ik 694R 3B, BY ) 2L 0 B 25 F A B 47,
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LiX Y, Yue G F, Song S H. Numerical simulation study on the influence of primary mineral components on CO, geological
trapping forms. Geological Bulletin of China, 2025, 44(5): 921-934

Abstract: [Objective] The increasingly intensifying global climatic change necessitates carbon capture and storage (also referred to as
CCS). The mechanisms and processes of CO,~water—rock interactions not only directly affect the safety and stability of CO, reservoirs
but also determine the injection efficiency and storage capacity of CO,. [Methods] Based on China's first whole—process CCS
demonstration project in saline aquifers and using the TOUGHREACT ECO2N software, this study constructed a
water—CO,—thermal—chemical reaction coupling model for long—term CCS in reservoirs at the Shenhua CCS demonstration site.
[Results] Using this model, this study investigated the influence of primary mineral components in reservoirs on the transformation of

different CO, capture mechanisms. The results indicate that the deep saline aquifers in the Ordos Basin are favorable for CO, storage
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capacity through the mineralization mechanism mineral trapping, with a storage capacity reaching up to 64.02% of the total injectivity
at 1000 a. The calcite, orthoclase, albite, chlorite, and kaolinite in the reservoir undergo varying degrees of dissolution, resulting in the
precipitation of montmorillonite, iron—bearing dolomite, and analcime. Iron dolomite is the main carbon fixing mineral, with the highest
storage capacity in the water gas two—phase zone, reaching up to 15 kg/m’. The changes in the content of plagioclase, albite, and calcite
have little impact on gas and dissolution trapping, and have no effect on mineralization trapping. The variation in the content of chlorite
has a significant impact on the three types of trapping forms. When the initial volume fraction of chlorite increases from 1.9% to 8.4%,
the mineralization trapping amount increases from 7x10® kg to 1.6x10° kg at 1000 a, with a change of 9x10® kg. [Conclusions] The
types and contents of primary mineral components can affect the sequestration capacity of CO, by different trapping mechanisms. The

results of this study can serve as a reference for the design optimization of existing CO, storage projects and the proper assessment of

the siting of future CO, storage, assisting in the achievement of China's carbon neutrality target.

Key words: CO, geological storage; primary mineral composition; mineralization trapping; numerical simulation

Highlights: The transformation of gas, dissolution, and mineralization in the process of CO, geological storage, as well as the influence

of primary mineral components in the reservoir on the transformation of CO, trapping mechanisms.
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CO, HE A+ A (Al Baroudi et al., 2021; Krevor et al.,
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fiAE CCS /R T EAH 2 =& R XK
ZH (MR 1576~1699 m), & R AU A T W42 (R
1699~1990 m) , £ & F2H (B 1990~2232 m), LA}
JECHR B4 L1 P 2H (HEYR 2232~2330 m) .

1.1 fEEHRYFE
1.1.1 BERENFIE

MR8 50 7K 22 Hr 35 i iy 3904 b 30 00 i 45 2, 46 b
PRS- 247 i YA B A 2.58°C/100 m, Hb I A 5 2341 X ]
4 2.0~2.8°C/100 m. %545 CCS 7Rt b it 2 1Y
ST, A I X A B IR AR N 2.68°C/100 m,
R AR 7=0.02684+10.5, Horh b b2 HER
(%f_\‘i m) o

XN TR E F1 49 157.6 bar, 1L PG 40T
712k 233 bar, fFAHKE I A, 7T DARYE A X
P=p,gh I 4 MEZHET 15040, H p, K
(PR kg/m?®), g ME IINEERE (9.80 m/s?) .

1.12 HEWAILMEFAE

XIZWA AT A& FARLvEd 4 ~4
SRR 754 m, S0 FLBREE Sr A u B R 2.2%~
12.9%, BB %K 0.04~6.58 mD, I FLIREE FIB %
RIMH 7.68% 1 1.78 mD.,

AMEZ AR A B2 &, & —E
TR A R, RIEFLB RN 4 823008
AN FAg)Z T 552 (R 1), SBCLBR R &R 1)+
G EME ARG EZZ B, £ 18 T AW
FRI G FA6ZFLBRAE . ARKBFFT BN B ARfk
2 EERE N 67 m, FLBRETE 9.3%~12.9% ZIH], B i%&
FAE 1.57~6.58 mD Z[a], F-HFLEE 11.35%, “F-3
BiE%E 419 mD,

®1 FREFLSHEE

Table 1 Porosity and permeability of sub reservoir

1.2 BRI E4HE

HRAE 4 AS2H B9 ERE G 3B, XUV | A T
HIA G THFHZUS B R A S KA S B
A E, H Y& L EE R AIE(11%~45%) KA
(6%~45%), LIV H ¥ i 2 A Bk b, &A8E Ak
IR 2,

4 A b R OK B A A A5 R R, KON
24.52~76.42 mg/L, Na ¥ & & 2356~7816 mg/L, Ca**
el M 1067.33~14511.02 mg/L, Mg®"l 4.47~894.6
mg/L, TFe 4 2.24~27.27 mg/L, C1"} 5339.34~
39739.84 mg/L, SO,> N 46.28~2075.01 mg/L, j
TDS 4 9510.38~65111.14 mg/L.,

2 AEAUHST
2.1 HEAiER
ARRWFFEH BARE AL TXRIZWA . A TIEH . A
ATFHALVGH, BIEE N 67 m, HIEHF S
ZEN AR, AN THES I N —167Tm
)2, WA At R (1),
£2 EELEAS

Table 2 Chemical composition of reservoir

= TZESS  BEE/m  fLEE%  BER107m

PUPRGE 1 13 10.0 2.81
2 5 12.4 5.74

3 6 9.3 1.57

T 4 5 9.6 1.77
5 4 102 2.36

6 7 112 3.52

7 7 12.9 6.58

8 11 12.6 5.99

fAmETH 9 9 12.0 4.57
10 12 12.2 5.03

11 6 12.5 5.7

thag 12 8 113 4.48

Ab2iel
)2 -
Si0y/%  TFe/%  (Mg+Ca)%  (AHNa+K)/%
XKL 60~69 6~8 46 15~20
AT A 60~72 5~7 4.5~8.5 15~18
fA&ETa 59~68 7~13 3~4 17~18
1Li7E2 62.52 9.25 2.35 20.46
CO,7EA

0 B 7K 3 B 10000
1
Co, JE
i JJLJ
A 9
7
—-67 —
! 7K 21 A

K1 AR R

Fig. 1 Schematic diagram of radial model
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BT IR ERRL, 5T JiK-CO,-#ia - fh 2k
N B A o Hor SR RO A 1Y) o i S A
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5t CO, FHIZ B o R WA (3), A s 78 fi
MR AK(4) . S EH LI 3.

oM,

- _VF 1
o «+ 4 (1)

0
a (¢ (S lplel + Sgpgxwg)) =

k,
-V (lepl (—k;l (VP, —P/g)) +
1

Xyves (—k'z(vpg - pgg))) (2)

d
& (¢ (SlplXcl + Sgngcg)) =
k,
-V (Xp (—kﬂ’ (VP, —mg)) +
1
k,
XegPg (—kﬂg (ve, —pgg)) ) +(qa+qe+9qe)  (3)

4

0
o (8 (SpU+SpUg) +(1-9)p.U.) =

k,
-V (h,p, (—k—’ (VP, —p,g)> +
Hi
k,
hep, (—k#—g (VP,—p,38) >> —AVT (4)
8

B
Si(x,2)+ S (x,2) =1 (5)
Hu R IK TP Bs B A  O7 REA :
V(¢DVC,) - gVC;+w(C"; - C)+ ¢R, =

=i P =1,2,0e N 6
¢8t . ¢ (6)

K, N, AR, C o E o) j e Pk
B, C*, Ay j WIRIET, D 4y j W oR HK
R, ATy j A ROV AR, ¢ ARIE LB .

WPV e TTUTE SR FHFA T 1 22 Al RN 51y ) 2
Y- 2 AL 220, For, A 2B A TS YA SN,
P T RN

S1,=1og,,Q, =0 (7)

Kb, m RN WF5, ST R W) i Fnfs
B, Q Wi
222 A FAEKSBA T

(DA YIBFRIIE B ) 27 A

TEA WIS A TLE BN 127 RN, 40 S v 8 .

-(2)]

rn:iknAn (8>

R3 AEPHSHEX

Table 3 The meaning of parameters in the equation

2 EP Hpy S Epd A
M YR kg/m’ 2 PR REL W/(mK)
F JFR i TR R A kg/(m?s) k BiBR m?
P £ bar g &y mE m/s?
q I ke/(m’s) Thx £4
s TR g AR
X bisgiyid 1 WAH
T T C s [T AH
P Gl kg/m’ w 7K
@ LB c Co,

U Mk J/kg r A2 S
k, HARTIBIE 2R
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K, n BB r, IEEACRE R, TUE
FRABVTVE; k, NN R HEEL A, FET 52 KT )
F N R A K, N n B985 0, MR
FHG 0 i SR 2 00 1 R AL, — BT R 1.

BRI AL k:

nu _EZH 1 l
kzkzse"p( R (?_298.15)>+

i (9)
i “E(1 1
Zkﬁe"p< R (? - 298.15)) [14;

K, kys A 25°C B4 S 0 R HHLG E, Ak
fig; T AR R AR B nu AR PENLEE;
i FE R AN A5, ASURBA T T T R E (H) A
PE(OH )2 FpL3H,

(2)BiEF, B R

AR FE R B AR FASAH AH XT38 385 SR
Ay 924 van Genuchten-Mualem #5751 (Van, 1980) Fll
Corey #%I (Corey, 1954), B4 IRk Van
Genuchten #% (Van, 1980) .

223 AR Foid R A
YR I ST BB AR 4 i A R
Wk %A

Se(x,2,8)]2o=10

Si(x,z,D)l0=1

P(x,z,0)| = T FVE

T(x,2, D)l cp= TTHRWE

RN

S, 2,0,20=1, Se(x,2,0)l,-0=0
Si(x,2,0,7= 1, Sg(x,2,),-7=0
$1(%, 2, Dlxi0000= 15 Sg(X, 2, Dlx=10000= 0

P(x,z,1)|,-0= ﬁ%&/ﬁg ,

P(x,2,0) eer= T HRBE +p,22,
P(x,2,Dlxeyo000= 7 R BEE +p0,82
T(x,2,0)|,-0= JTRBE,

T(x,2,1)|,-7= 7 R BEE +0.02687,

T(x,2,0)ly_10000= J7 ZEWAE +0.02687

LEIYIESER
Si(x,2)+S,(x,2) = 1

K, x AR MEEES; 2 YN FE S ¢ yitTal (a) o
23 HEEER

XA R A T35 532 ) 2 67 m, #4324 10
N2, B 6.7 my BRI BEESA 10 km, AT A%
TN, BER2Y 0.3 m, 3 25 3 A5 1) 2R F A g
Bod G5, 2 50 WA, BIRg T 500 A& 1),

AR 5T K 22 A0 3t 22 21 53 B I PR AR 4D 3R
TOUGHREACT ECO2N, Ref& A i M4l i 5K 2
KA CO, TR Ay $ ) BRPE 5, LB AN 7 3 I AE
10°C<T<110°C, P<600 bars.

TOUGHREACT 2k )25 [8] B§ 5 J7 % 4 IFD
(Integral Finite Difference) J5 i, i J5 ik L S 7E T
RE A 35230 A 0 0] (g B 401X 38, - i 25 B8 22 M i AR A
2 1) S LI . LB A BT 1Y iB #8 KoK A RO
2. TOUGHREACT R fiff J7 1y B s ] AR 32
K BT S A AR S A e 2 [A] AR
NI 1A% 12
24 EWFREEESEH
241 EEhF ERSIERE

T — A T R AR R IR BRI SR
WG AT, IRIR A2 LB L B2 | IR B A2 e
T30S BERHIACE- Y45 Y EERERLAL T 2 (base-
case) LT S U W% 4. AR SEPR 2 A B
XRD G35, LI i AT S4B S Bl 58
PIRILR B, 450 W B0 1 2 S HORE B (E (Xu et
al., 2004a) (3 5); SEMHZ /K TDS SEHIE N 58 g/L,
B b W) 4G 7K A2 20 73 R IR0 15 1 mol/L 1Y
NaCl £h7K (58.5 g/L) 53] (F£ 6) .

AR TEA DT AR TR, BIRIER
AHIF AT 2, [ R A 2 Bed it Co, I

R4 EMiFRMBRSH

Table 4 Geological parameters of the base-case

SR i fE
BBEF/m 4x107"
FLBEE 0.11
A EGR R EyPa 4.5x107"°
HAEE/(kgm™) 2600
REE,C 65
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Table 5 Mineral Kinetic parameters and volume fraction of primary minerals in the base-case
7] WIRIRBUN 0% Alem*>g™) rhEBL FRVERLHI BRI
ks E, ks E, n(H") ks E, n(H")

Bk

JrfeAr 72

A1 22.8 9.8 1.023x10™  87.70

ez 10.0 151.6 6.918x10™ 2220  4.898x10™” 659 0777  8913x10" 179  -0472

R 14.9 151.6 1.660x107"°  35.00 1.047<107" 236 0.340 3.020x107"7 589  —0.400

WA 10.0 9.8 1.445x10%  69.80  2.138x107"" 650  0.457

A 10.0 9.8 3.890x10"°  38.00 8.710x10"" 517 0.500 6310x102 941  —0.823

kA 5.0 9.8 27541077 69.80 6.918x107""  65.0  0.457 2512107 710  —0.572
A 7.7 151.6 1.660x107"  35.00 1.047x107" 236 0.340 3.020x107"7 589  —0.400
AT 7.7 151.6 1.660x10™" 35,00 1.047x10" 236 0340  3.020x10"7 589  —0.400

giRa 47 9.8 3.020x10"°  88.00 7.762x107"%  88.0  0.500

U_EE
KiLkEra 9.8 1.260x10°  62.76 6.457x10*  36.1  0.500
BH=A 9.8 1.260x10°  62.76 645710 36.1  0.500

Az 9.8 2951107 52.20 6.457x10*  36.1  0.500

ES7UA 9.8 1.260x10°  62.76 6.457x10*  36.1  0.500

ES- 2N 9.8 4571107 2350 4169107 144  1.000

Vi (DS H BRI . D472 R kU ARHEELEE (25°C) T M S REHURE EL, S mol/(m?s); £, TR ALAE, A7 Kk)/mol;
n(HY A% ORMEABIELIT, SR 2 E o TH B

&6 VAT KUFEAS

Table 6 Initial chemical composition of groundwater

KAy WEE/(mol- L) KAkZEESY W /(mol-L )
K* 5.9x10°° Si0,(aq) 9.4x10°*
Na' 8.9x10™" HCO,” 4.1x107°
Ca?' 5.3x1072 so,” 1.0x107%°
Mg** 1.1x10™" AlO, 6.1x1077
Fe?* 1.0x10°* cr 1.0

AFL, AR 10x10° t/a, T ABEEE K 20 a, B
T+ 200x10* t, BAURTE 1000 a.
242 RAFHEH AT I GRS E
JRAT A Sy i A | R A RS ) i
XFTFH A0 SO Y & A BAT i 2520 (X et al., 2004b;
Wang et al., 2016) . RIEFHIZ AL R, SF
4 PP S X ], WE TR A KA TR
A1 S e A R TR BB R T 28 . BT

PRBT BB AR, 24 LA S 4b 58 sl D RAIE S )
AR ECH 100%, TEAIRT 28 L4 7.

3 GEREMT

3.1 KRiEEHTE CO, 7RI

CO, VUl 5 B e A BIGE 2, A
T BRI B 1R K 3K, FE T AR B Y L T
33X JoKRY4l COo,“ FIX 7, /K-CO, BIAIX . 4li
KARIX, HillE 5 CO, MM A E B 425 ) R 2 1)
HOmAS /N BEE CO, BIARWIEA, “+T X7 ALl
B K (K 2-a~d) . B TEIGFARER CO, HE
FEAK/IN, AR CO, SSTETE ST HIVE T & L 2
RIS, 7 1000 a B, #IG A CO, Baifia
ZHRZIRTBE 2-0), ARG CO, HiE 2
JEHR 15.5 m; [, IR CO, i mmihizF,
20 a A HEiiz % 2 600 m([&] 2—¢), 50 a B i 700 m
(&1 2-d), 1000 a B fzzg ik F] 1000 m([E 2-f) . i
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Table 7 Simulation scheme for the transformation of the impact of mineral components on storage capacity
AL i 5 pES S0
FLBE 11.1%, 8554 mD, #iJ#65°C, £ 71200 bar, #£#1 mol/L NaCl, ¥J a1 )443 W36
BT ARFRII L 4%, FTSEAHRAEIN, HoAb Flbase-case
B AT EOE H7%, ATAARIIE N, HA [Flbase-case
WA R EUE H13%, A SR>, HoAb[Rlbase-case
B AR EE H16%, A FAHRLI D, HoAlh [Flbase-case
R A RFRII S J20%, £ S ARRE /L, HoAlF]base-case
R A RFR TR J92%, A SEARRHE N, oAt [Fbase-case
B R AT T EOE H9 7%, AT FAHRLIE D, HoAth [F]base-case
T AT AR ARSI L 2.6%, AT SRR N, HoAb Fbase-case
D TRATRAR G B2 F 1%, A DEAA R 2L, FoA[F]base-case
I FRARFR B ]916.5%, A HEARR /b, HoAli]base-case
SRIRATRFI S N 1.9%, A BRI , oAbl base-case
SR RFITEUE R8.4%, AT AR RIS/, HoAth [F]base-case

1. (base-case)
2. (Oligoclase-4)
3. (Oligoclase-7)
4. (Oligoclase-13)
5. (Oligoclase-16)
6. (Oligoclase-20)

7. (Albite-2)

8. (Albite-7)

9. (Calcite-2.6)
10. (Calcite-11)
11. (Calcite-16.5)
12. (Chlorite-1.9)
13. (Chlorite-8.4)

- CO, Wiz FE M R 1) . T /K BRI 8 CO, 5
P DX, T ETER . 1000 a B, MG 5
CO, (8 r 2 [HE AR/, CO, A AL B
HEAR 13.32%,
32 BRRETE CO, D TRIFE

EAFERHE R “TIX7 N, 5§ CO, K 0, ZBiIn]
AR RIK-CO, WiAH X B ff CO, WREEAE K, 290
1.6 mol/L([&] 3—b~c), 7 Wi AH DX ik i 2 4l K AH X, ¥
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