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Abstract: CO, geological storage is one of the most economical and reliable techniques for reducing CO, emission, and the
understanding of CO, reactive transport in reservoirs is critical for that. Dardis’s porous model, coupled with our previous CO,
reactive model, is presented to investigate the reactive transport in throat fractured media. According to the velocity field results, the
velocity in fracture is much higher than that in matrix and it reaches the maximum value at centerline in throat. The main dissolution
reaction occurs near the inlet region, and along the upper and bottom edges of the fracture. There is nearly no dissolution along the
edges after downstream throat, which is mainly affected by the throat. The concentration of H' ion in fracture and throat is higher than
that in the matrix; while the higher concentration of Ca®" ion occurs in the region of downstream matrix. And then, the comparisons
among different throat positions are also made to analyze the effects of the throat position on the distribution of dissolution rate and
species concentration. Finally, the fractured media with sudden reaming is simulated, and it is found that the velocity and component
migration in the fracture are enhanced, which is totally contrary to the case with throat fracture. All the above results show the
capability of the present model in simulating CO, reactive transport in complex fractured media.

Keywords: lattice Boltzmann method (LBM); CO, reactive transport; throat fractured media

a8 o= FLHBHE (CCS) BIRZ—, BATZ N ir
S B, R COp fEMREAFIL R
CO, M Tt 7 H AT BV Il 5Ef COLH 2 qa) E‘J*HFM’E)EH LT R HALHUHRL AT R 2

ks H I 2016-07-28
HEETH: EHEAREEIES (No.51104133, No.51474137); 0K F ) )24 5 H 5K 8 0K S TP B0RE (No.2011DA105287-KF201304).

This work was supported by the National Natural Science Foundation of China (51104133, 51474137) and the Scientific Research Foundation of State Key
Laboratory of Coal Mine Disaster Dynamics and Control (2011DA105287-KF201304).

AEFM: WA, %, 1980 R4, tL, EIZER, FEENTE LBM A KA N 5T I HFT TAFE . E-mail: zwtian@cug.edu.cn




664 b +

o 2017 4

AR A Sz B T,

H 1T O [ FT COL b T A7 1 E 2 ASE R 3 o
AI43 N 3 KB KBy AR kU s AR |
RV . b [ NOT B AR 2 | PR ISR (1)
gty ] LU Hh R AL 27 e N R sl BAaE
{E A 2 A M S ) R e LB R T Y

¥4 Boltzmann /7% (LBM) B 1OWe S —Fhn
MHUEVHEAN M, B — RIS 72
FIANEA T, H 20 AL 90 FEARAHE H 25 4 H
57 G [ A AT (R P, Kang 2151
KHFLER LBM BER 2 FLA N COL AP R Y,
T MAREIET 7RSS, J-% 18 T 5 s %
ISR L S iBiE R AR (EBER i A O S )
KA RN, RS T AL B AN EIE 1

FEAE R LSBT 8 T AR, 4 Guo 2
) ZfLAr it LBM B JE 2] T CO, R NI
IR, AL T s i . A i S L
Hmshfa s, HHFETILRE ., BiEEAL
R FE S e o hAh, I 2 ] 2B A o Y
(1R TR REAT T AR OB, WP T 246
(IAFAENS T S BT R (1 it

£ Guo (ARl AR T LA R FLBRUSE 9 28
b, 0T ELRBRA FUEA TR, (AR AR Ak )
WP IKE) ) G EME LR AARFE N HEL, semy T 3%,
HARAEBA PR T . Bk, 7R R
Dardis” 12 fLA TR AT (1) CO, R NAT R
RUAHRE G, DdE— D0 2 i 4B (1) 52 A% s 1)
RN IEAE SRR AT AH Y. LI 5T o

2 ZALAJE LBM Bl

A TR Z AU A IR SR REA T LU 7T,
Dardis %5277 1998 4E4EH T Z AL TR M
LBM B8, 12K F ik 1 R ) 220K 8y, nnHE
LIS BB IR AT AT O BEAL,, s A 7 B
N

f,.(x+ce,.At,t+At)—ﬁ(x,t)=—%[f,.(x,t)—

5 0]+ A™ (x,1) (D

A f A5 53 500 DA A R BSR4 28 3 A pR
x A 3 3 0 22 TR BRI 8] ¢ A e, 7353l A i At
REIE K BT )5 7 R R R R St I 1)

BN Af™ (x,0) AR T 2 AL R A kL
bRl ERES AT dvd

MM () =n (D[ £ (0= fi(x—e,n] ()

X =i Ky MR . n(x) € X LA
[ A SR 1) A1 2 5, JLHUEYE R 0 < m (x) <1,
IR e IR RA: n(x)=1-¢&(x) » Xn(x)=0
i, 3 (2) RN AP () =0, 2 (1) B4
bRvE LBM AR Ak 5 RE, BRI TEA R B i sh;
M (x) = 1IN, WUSERY [ RETRT,  JCRAARLL .
TR (158 5 RS I T 23 i) o SUAY
p=21 (3)

ulece,.fi 4
P i

55 GuoP BRI EL, %R A e AR
MG —Ma 1), A EE S LB ARG, 7]
TR TS0 T R s AR BT ST, PR, 7E
AR SCH R FZAR R X B T B A A TR, T 2 A
R4 AT LA S5 SR [21-22]

3 CO, NiFF Ay

N T % COR R N Hb T A J2 R R A T AL
58, IAEIB I LBM B BERE T A\ ik & [
IR, FEAT AN RN &

3.1 CO bR MNzh T %

11 COp M REAF L FE A, 55 M T /KB A 2 &
BRI R P AR IR R o RS s b ) e
NIRRT ) A4 CaCOs,  AHM A S B 1] e oR

CaCO, + H" < Ca*" + HCO; (5

FEXT CO VEN T S NTRS 1 FE BB AL fifi i
F, RNEN S RIS HOEPRAG AT S R I
fill, 72 CAT R SCIR A A RDE R, Hop
JS2 P ) 1R S A T SRR

R = (k. +hotty o + k3)(1 - %J (6)

e b HRNVRFEEG o May o 505109 H A
H,CO; IR BEE P K, PR N 0 Wik
WA ESFEE (TAP).
3.2 RMNASIEER

AN GALE LBM B (R HELE T ey R figt
FIRNASY (B oA e . x5 125
2 ALy (B, Hasib R LR R N

8y (x+cAt, t+At)— 8y (x,0)=

1 «
_:[ng,i(x’ t)_gyjq,i(X, t)]+wiRjAt D

J

b Y 8RR T 5 j 415 (H'. Ca® FIHCO; )



53

RS . B R ARE A T CO, e AT F 4% 5~ Boltzmann BAUHFFT 665

WIHLMRIE: g,y WAHALINY 1 7 I35 B
g, WIS TRA DRI ©, %A 0T
ST R, o #4140 S
AL WREE Y, T DA Ak E ek
szz(gyjqi(x,t) (8)

FEAEE N (5) F T AT AL o 2 iR PR ]
DLz BT SRS 2], Br T EAHEE BT CaCOs.
B i P 3k — 2D RN IR 58 5 (At S S U5
DL L5 FLRR B RNy 2 AR OE R o
3.3 FEHEREE R AR ERL

[ AH CaCOs [RIVHIR R 5 R vl ik 4B

% _pr.r, (9
ot
A Y. o8 CaCOs i, TEFTA T E A i I
BUEAER DTS 3 AT R (S8

Yo(x,t+ A =Y (x,t)+ AtM R, (10)

A+ AR T AR A A2 N E 1)
N Z; MR CaCOs 7T Hs R AZMIA% mi F [
HH CaCO; I

Bifi 5 [ AH CaCOs (PR B N, L [l AH IS 0 1 4
BB kb, LB BERE 2 380, iR s N s (1)
FLIBR T LI ik [ AH A 0 AR AR 2 B B oG &
AT

s:LO—GD—sQlL (1D
YCO

BRI R (R LB B AEAE AR AN B )20 5 3 347 5
o

FLBR BE RS AR S5 B e PE, 7
ARSI % 5 e 0 3k v A R T R ARE RE A o
AF™ BB (0 oy A AR . BRI, ANBER AL
A 0] DU R AL e NIT sk RE R R & A B R
T ULl R [EAR A B R FLBREEAR AL
CL B IIE ER5

4 ERSHITE

TEASH 53 rFoRe R F oA 2853 4 7R BV P (e A
PIFFT . ABBECO, 5 K AL i) A N B I s S e
R Z2 T, RAAHRN AL S NIER LB D,
i J2 L 5T HH 40 1) 1 )5 CaCOs 4 B, W HAFLBR i
0.3, FERA 121121 (1) A% 58 A ¢ AL 5T o
5 [ N A R 1A R (R G A, 2 L SR
[23-25]: ki~ o Sehs HOAEL 23 ) 19 8.9%107°, 5.0x107°
F16.5x107"" (mol/em®s), Koo #93.47x107°. [AH,
1T CaCO; R i AR 2218, 7oA B4 X

ATHB I3 (K CaCOIE TR AR, 1T AN AR e o

7 RE 1

B1 SERBREN RS R
Fig.1 Schematic of the computational domain
with throat fracture

4.1 EEGHAR

W 1R, 24885 HN0, R TR
H/20, KPR L3, ArFsfrE (B L3 & 2L/3
Abd. B 2 BRI U SES AR, WM
(10038 S W S T i P R R, AR R e
IR . B3 Wk X=L/6 (SEZR) Al
L2 (L) A LLE, fE X=L/6 4, Z4Rh

1.0

U
0.009 5
0.9 0.009 0
0.008 5
0.8 | 0.008 0
0.007 5
0.7 - 0.007 0
0.006 5
0.6 0.006 0
0.005 5
>~ 05 0.005 0
0.004 5
0.4 0.004 0
0.003 5
0.3 0.003 0
0.002 5
0.2 0.002 0
0.001 5
0.1 0.001 0
0.000 5
0
0 0.5 1.0
X
B2 UvEEHSAE
Fig.2 Contours of U velocity field
0.010 [ X<L/6
----X=L/2
0.008
0.006
>
0.004
0.002 -
0.000 =TI =
0.0 0.2 0.4 0.6 0.8 1.0

YIH

B3 X=L/6,X=L/2 kb UEEH i
Fig.3 U velocity profiles at X=L/6 and X=L/2



666 b +

o 2017 4

LRI TS U, = 0.006 77; 1fI4E X=L/2 WEi 04k,
LT BA R TR Horp Zedm s B2 U, = 0.009 73, 24
B UL 10 1.44 £5.
42 NERIABES0

B 4(a)~ (c)FT 7~ g ANIR] I R) 25 I () 0 544 s
HNAEAE . RN (LB 4@)), BT
H Y SO TR, g S v = B AEsp e N LT
AR DA K BB b R I T Sk, B

1.0
09 F
0.8 F
0.7
0.6
>~ 0.5
0.4
0.3
02 F
0.1 F
0

0 0.5 1.0
X

(a) 3x10% 4

0 0.5 1.0
X

(b) 1x10°

0 0.5 1.0
X

(c) 1x10° 4
K4 FTENRNEE

Fig.4 Contours of non-dimensional reaction rate

IR NHLEEAT, WERRRIN b NS IR K
N, I R EE I LK 4(b). 124 Y
IRFEARFE IS I 4(c)), Wi S N AR A TGS
B W P 111 3100 T 3 O A VI~ <
JU T AT R A A SN

MNAFLBERE P73 A B -t T DU, AH S R R4
(LB 5), FLBSURE (AR A = BAE R AR N R A
R L S i 2R b N, MR R
()3 S It 3 FLBRBE J LT A AR AL

1.0
0.9
0.8
0.7 F
0.6

~ 05
0.4
0.3
0.2
0.1F

00 0.5 1.0

X

FLERJE
0.900
0.800
0.700
0.600
0.575
0.550
0.525
0.500
0.475
0.450
0.425
0.400
0.375
0.350
0.325

Bl 5 FLEREE A EI(2x10° )
Fig.5 Contours of porosity at 2x10° time steps

43 BHSIKES M

SN AE Sy HR BE RIS 0] 2D s A A,
K 6(a)~(c)FT7v o 26 NATIA, H EEHTRBUTR,
15 5x10* B i e TR i BIA L) X=0.8L &b 1]
F RN H AT B OT B 2140 X=0.15L 4b. Bl IR 20
(X, Hw FHEEENER, Rk B A ok ik
far, UL AR S IR A kv TSR
(1, ANV T RBUE I R s Bl .

VR A A 53 Ca® (R B o A s HH e 4
AR LK 7)~(d). 1ERNMFIY], Ca™
FEAE TN BT R, e (R
OIATEAR TR P IR . Ca® IR IRt 2 0 itk
ITBET I RS, i B I AR o
o, AR FE X Sk B AE SRR DB R, 5 H TR
IWRFED LU N s[RI I ] AT 2E R B, W5
Bt AR R B 3 AT 47— [R5 )

K 8 FIRs g Ca® U JEE ot e (R LT 170 25 (38 4k 23
ATV, 78OS IAE E) Ca R BRI, Bl v
(HHT Ca W E i b Wi TH i, A5 5x10° i)
B a el LA R AL, BN a1
1 o



5 3 3] RS . BRI i CO, e AT # ¥ 4% 5~ Boltzmann FAUHF

=

667

[egen
.

cococococoocoocoo
ANV IJ0 00O
NOUNOUND N NO W

0 0.5 1.0
X

(a) 5x10* 25

1.0

| DEEEEEEEEREEED |

0 0.5 1.0
X

(b) 3x10° 35

0 0.5 1.0
X

(c) 1x10° 4

K6 HWRESME

Fig.6 Contours of H" concentration

4.4 A RIGHALE XT3
T3 B M T AN RIS B B A T 6] EAIF

Wikl 9 FR, SEEk A AMEERALE LI6~L/2 [H) )R M. %
Mgk, Mgk B DT RIGESAL T-rl, siE2k C XY
WEEBAL . L/2~5L/6 Wo KIAE LUFBE (X=0.15L
ZHD VAR DT, OV Z oA it 2 )L

Bro UL BHAS [ R A 1 %o i B8 A %t T
A DA ) s Y 2 43 AT LA RE R o T R iR B B

1.0
09F
0.8 F
0.7 F
0.6 F
0.5
0.4 F
03F
02F
0.1 F

0

0 0.5 1.0
X

(a) 5x10* 25

0 0.5 1.0
X

(b) 2x10° 3

0 0.5 1.0
X

(c) 5x10° 25

0 0.5 1.0
X

(d) 1x10° 35

Bl7 Ca™WREES

Fig.7 Contours of Ca** concentration



668 b +

o 2017 4

0.6

05

0.4

o/.
i
ol

4

Cca* /x10™*

0.1

0.0

50 100 150 200
I )25/ x10*
B8 Ca™VREEBHIES A

Fig.8 Maximum concentration of Ca’"

0201

0.15F

0.05

0.00 I I L Mo 1
0.0 0.2 0.4 0.6 0.8 1.0

B o R FIMEDALE HIZL BRI B (Y=0.45H) [ i3 f L ]
Fig.9 Comparison of reaction rate of fracture edge
(¥Y=0.45H) for different throat position

TR B RIAE, Mgk 2IAFEP 340, HTL
T HH WG B PR T G AR I 485 AR A Js 1 %6 2 3 B 4
R Bo T MR IA S HOIREE 50 A 8 10 A ]
DL R 78 1x10° 2501, A BRI K
BB 6 43 A JLPAH A, T 26 MR SR B 1R B
TR R R, AT LA ) AN [R] e A7 2

1.0¢
08

0.6

H/x10™

0.4

B 10 AFEIMGHRAL B ZRBRIA S (Y=0.45H)H TR EEXS LL I
Fig.10 Comparison of H' concentration along fracture
edge (Y=0.45H) for different throat position

4.5 ERY AR RNITB
FESEPRZ AL, B T WRHRARERAN, A

RY LI (B 11 B, PR IR N 1Y
S R AT X0 LEARAULAIE 9 o

Y BEH 21 5

— EALls —

B 11 FRT AR RS rEE
Schematic of the computational domain with
expanding pore fracture

Fig.11

Bl 12 Bros L U et A, T LA £,
FEZ BT PRI PSS ) Sl vy T R AR, i A )
R LIRSy, WA T BB, X5 Mk Al R4 1
iy 27/ SR AT ERTAI D = A W s I T A
Wi AR TR 25 ST LR B Y P e AN [ o7 11
U, ATUUABL, SR sk, &5
P AR R R LML TT 4G R, RYfLa
MM . BTE . &Ry LR
i TR (R, XU TR LKA AR
P TR T .

1.0
0.9
0.8
0.7
0.6
>~ 0.5
0.4
0.3
0.2

0.1
0

0 0.5 1.0
X

B 12 SR ILREE URES 6 E

Fig.12 Contours of U velocity field for expanding

pore fracture

#£1 FOEARFE XME UEEXE

Table1 Comparison of centerline U velocity at

different X position
Rk U BKE X=0 X=L/3 X=L2 X=L
IR B A 0.00687  0.00849  0.00973  0.006 94
GRYILHEBA R 001869  0.01676  0.01253  0.01887




53

[, SN R (P o A R I AN TR A (AL
Bl 13), 5 FLJE BRI A IR AT BH S (1) v I
I, TP 4(c) AR BT Ui 2R B ) LT
RN, XU T 584 FLEABREE = T VR s Y. 1)
K, K14 W HAE ¥=0.45H RbZL B S [ v 5%
AT TR, BR THE L3 %2 203 LB (O
HA 0 ZHh, oY LR ) RN R B S
TR BRI N 2, JUH RS L (ERR)
ZJE IR U X R A

1.0
0.9
0.8
0.7
0.6
>~ 05
0.4
0.3
0.2
0.1
0

Bl 13 S5 TR R N5 A (1x10° 35)
Fig.13 Contours of reaction rate for expanding pore
fracture (1% 10° timesteps)

— YL
=== - R

0.00
0.0 0.2

B 14 SR LR SRR ¥=0.45H
AR G R % L

Fig.14 Comparison of reaction rate of fracture edge
(¥Y=0.45H) for throat and expanding hole

Bl 15 Jirom AL S ALK HVREEX L, wTLL
R, AP HVRBE S A i TR
JRA IR EE,  TAESRA LB SRR B N, LK
JSE A At 5 BLAARAR S (AT R FLBLA H
A2 1Y Sk 35 T R S 2R L B P AR S WA I S
REEHL] TR FLRBRR R T RN AL TR
WHE— P IGE 15 FLARB A IR S 3 B ey 1

PSS S kR A BT CO, S ML A2 (#14% T Boltzmann BT T 669

1.0
— gL
--- - WAL

=
0.4F el e
0~2 1 1 1 1 ]
0.0 0.2 0.4 0.6 0.8 1.0
X
15 SR LR SRR ¥=0.45H
HBRIA LA H YR BEXT LLE

Fig.15 Comparison of H' concentration along fracture
edge (¥Y=0.45H) for throat and expanding hole

2R

()]

(1) K H Dardis #: 5 CO, Jx NIE AR AH#

s R Er M SR o R ST A e R A T AL
o BRI TH R W TR TP R, AR
TR B RIS B i L, 7E X=L/2 WO A
FEAE A 2B S Td FE ARV 1.44 £ .

(2) 383 5341 s 3 R FLBR S (1) 73 A i A AR
H, RIRIEAR SN S ALBREE (AR A E A h A
BT PR A J5 DX L R s B G Bl PR 2R BRI 2, 1T Wk
BN W RIS ) L AN R AR N

(3) ESBRUIRIE 1 [ A HHRE W S i e
JFUb g, UiEH T RBUR L e B IE 1A R
W) Ca® 1) ol FEE DX ) HH LA R X v, AR P X i
AR

(4) PANIF]GE A B 0 LA R B, X
BT B T R 23 A L P38 58, 7B
W) 5 BAS [R] 1 53 A A

(5) SRR i, 29 FLARRER T 24B
WK S 3 iT %, ey LR I R,
BRI St BT B A PR A IR N S PR BE R o, 5
LB HR B R .

2 % 3 MR

g o

[1] METZ B, DAVIDSON O, DECONINCK H C, et al.
IPCC special report on carbon dioxide capture and
storage[R]. Cambridge & New York: Cambridge
University Press, 2005.

[2] GAUS I, AUDIGANE P, ANDRE L, et al. Geochemical
modelling and solute transport modelling for CO, storage,
what to expect from it[J]. International Journal of

Greenhouse Gas Control, 2008, 2: 605—625.



670 b +

71

2 2017 4F

(3]

[7]

(8]

(]

[10]

LI Q. Coupled reactive transport model for heat and
density driven flow in CO, storage in saline aquifers[J].
Journal of Hazardous, Toxic, and Radioactive Waste,
2011, 15:251—258.

BN, R, UK. COy M BTENAF )27 10 ) BB A
PATTIELHR. A%, 2016, 37(6): 1762—1772.

LI Xiao-chun, YUAN Wei, BAI Bing. A review of
numerical simulation methods for geomechanical
problems induced by CO, geological storage[J]. Rock
and Soil Mechanics, 2016, 37(6): 1762—1772.

WASE, gefe, dhid, & E CO, HUTr R iR
TR AR IL RN [I]. A 025 5 R,
2014, 33T 1): 3077—3086.

XIE He-ping, XIONG Lun, XIE Ling-zhi, et al.
Preliminary study of CO, geological sequestration and
enhancement
China[J]. Chinese Journal of Rock Mechanics and
Engineering, 2014, 33(Supp.1): 3077—3086.

EAS, ek, FKM, 55 e R A
CO, VEANDARRIT]. 1%, 2014, 35(9): 2623—
2633.

KUANG Dong-qin, LI Qi, WANG Yong-sheng, et al.

of geothermal exploitation integration in

Numerical simulation of distribution of migration of CO,
in Shenhua carbon capture and storage demonstration
project[J]. Rock and Soil Mechanics, 2014, 35(9): 2623
—2633.

SR, FRE, BV, A TEAGIRTEN RS EARTE AR
PRIERE T (D2 LB 1%, 2014, 35(10):
2888—2893.

ZHANG Fan, ZHOU Hui, LU Tao, et al. Analysis of
reservoir deformation and fluid transportation induced by
injection of CO, into saline aquifer (II): Case study[J].
Rock and Soil Mechanics, 2014, 35(10): 2888 —2893.
CHEN S, DOOLEN G D. Lattice Boltzmann method for
fluid flows[J]. Annual Review of Fluid Mechanics,
1998, 30: 329—364.

RN, HAEJG. T Boltzmann Jy i ) R B K& B
M. st B AL, 2009.

GUO Zhao-li, ZHENG Chu-guang. Theory and
applications of lattice Boltzmann method[M]. Beijing:
Science Press, 2009.

TS, F5H, 25K, K1 Boltzmann J7i5E KBRS S
M. st B AL, 2009.

HE Ya-lin, WANG Yong, LI Qing. Lattice Boltzmann
method: Theory and applications[M]. Beijing: Science

(11]

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[19]

Press, 2009.

FR R, W, XPDEEE. SRR A FL A TR
LBM FUEARI[T]. B4k, 2013, 38(8): 1376— 1380.
TIAN Zhi-wei, TAN Yun-liang, LIU Zhao-xia. Numerical
simulation of coalgas seepage in fractured coal by
LBM[J]. Journal of China Coal Society, 2013, 38(8):
1376—1380.

W, P, S, & AT Lattice Boltzmann
JPR K BRI L[], AR, 2014, 39(8):
1446—1454.

TAN Yun-liang, YIN Yan-chun, TENG Gui-rong, et al.
Simulation research of gas seepage based on lattice
Boltzmann method[J]. Journal of China Coal Society,
2014, 39(8): 1446—1454.

D7, EER, %, BT R 2% 8 T7ARILE
W IE R AR GBI (BB, 0%,
2015, 36(H4 T 2): 689—694.

SHEN Lin-fang, WANG Zhi-liang, LI Shao-jun.
Numerical simulation for mesoscopic seepage field of soil
based on lattice Boltzmann method at REV scale[J]. Rock
and Soil Mechanics, 2015, 36(Supp.2): 689 —694.
R, BT, TER, & HETHF Boltzmann J7
Ptk CT BV eSS ERD]. &+
J1%#, 2016, 37(5): 1497—1502.

CUI Guan-zhe, SHEN Lin-fang, WANG Zhi-liang, et al.
Numerical simulation of mesoscopic seepage field of soil
CT scanned slice based on lattice Boltzmann method[J].
Rock and Soil Mechanics, 2016, 37(5): 1497—1502.
KANG Q, LICHTNER P C, ZHANG D. Lattice
Boltzmann pore-scale model for multicomponent reactive
transport in porous media[J]. Journal of Geophysical
Research, 2006, 111(12): B05203.

KANG Q, LICHTNER P C, VISWANATHAN H S, et al.
Pore scale modeling of reactive transport involved in
geologic CO, sequestration[J]. Transport in Porous
Media, 2010, 82: 197—213.

KANG Q, CHEN L, VALOCCHI A J, et al. Pore-scale
study of dissolution-induced changes in permeability and
porosity of porous media[J]. Journal of Hydrology, 2014,
517: 1049—1055.

TIAN Z W, XING H L, TAN Y L, et al. A coupled lattice
Boltzmann model for simulating geochemical reaction
transport in CO, injection[J]. Physica A, 2014, 403: 155
—164.

TIAN Z W, XING HL, TAN Y L, et al. Reactive transport



53

FE R At MR

Jit CO, [ NIEFE K% F Boltzmann #4457

671

[20]

[21]

[22]

[23]

LBM model for CO, injection in fractured reservoirs[J].
Computers & Geosciences, 2016, 86: 15—22.

GUO Z L, ZHAO T S. Lattice Boltzmann model for
incompressible flows through porous media[J]. Physical
Review E, 2002, 66(3): 036304(9).

DARDIS O, MCCLOSKEY J. Lattice Boltzmann scheme

with real numbered solid density for the simulation of

flow in porous media[J]. Physical Review E, 1998, 57(4):

4834—4837.

DARDIS O, MCCLOSKEY J. Permeability porosity
relationships from numerical simulations of fluid flow[J].
Geophysical Research Letter, 1998, 25(9): 1471 —1474.
CHOU L, GARRELS R M, WOLLAST R. Comparative

study of the kinetics and mechanisms of dissolution of

FEF 62T

[10]

(11]

[12]

[13]

P, H ) d e AT IR ke A T D IR AT BR 6 23
Hr[D]. Fe#B: PY)IK=E, 2006.

LIU Xia. The finite element analysis of the gravity type
rockfill dam and the rockfill pressure on the back of
gravity wall[D]. Chengdu: Sichuan University, 2006.
R P s T R IM. Jb PR
Tk HifAE, 2005.

GU Wei-ci. Handbook for calculation of earth pressure on
retaining wall[M]. Beijing: China Building Materials
Press, 2005.
EM1110-2-2502
Washington: [s. n.], 1989.

JTEE. RS AL (1 b I A R A T,
2004, 25(4): 586—589.

Retaining and flood  walls[S].

LU Guo-sheng. A calculation method of earth pressure
considering displacement[J]. Rock and Soil Mechanics,
2004, 25(4): 586—689.

HEFE e, 2R, 25 B ALRS S ) sy e 557
D). E 1%, 2001, 22(4): 83—85.

MEI Guo-xiong, ZAl Jin-min. Earth pressure calculating

method considering displacement[J]. Rock and Soil

[24]

(23]

[26]

[14]

[13]

[16]

carbonate minerals[J]. Chemical Geology, 1989, 78: 269
—282.

PLUMMER L N, PARKHURST D L, WIGLEY TM L.
The kinetics of calcite dissolution in CO,-water systems
at 5~65 C and 0.0~1.0 atm CO,[J]. American Journal
of Science, 1978, 278: 176 —216.

POKROVSKY O S, GOLUBEV S V, SCHOTT J.
Dissolution kinetics of calcite, dolomite and magnesite at
25 °C and 0 to 50 atm pCO,[J]. Chemical Geology, 2005,
217:239—255.

YIN S, DUSSEAULT M B, ROTHENBURG L. Coupled
THMC modeling of CO, injection by finite element
methods[J].
Engineering, 2012, 80(1): 53—60.

Journal of Petroleum Science and

Mechanics, 2001, 22(4): 83—8S5.

IR, Midh. BRI 8 I I 5
JHE]. # R 715, 2009, 30(2): 553—557

LU Kun-lin, YANG Yang. Approximate calculation
method of active earth pressure
displacement[J]. Rock and Seil Mechanics, 2009, 30(2):
553—557.

SROCE, W7, EORH, A5 JETHEai Ltk
SRRV S Vg T MNRTIN PN = (SR R TN
2005, 33(5): 575—579.

ZHANG Wen-hui, TIAN Jun, WANG Bao-tian, et al.

considering

Relationship between earth pressure on support structure
of foundation pits and displacement of earth mass[J].
Journal of Hohai University(Natural Science), 2005,
33(5): 575—579.

GRIE 2. B AL I IS v AR TR P
M. &t TRE2ER, 2013, 353 F1) 2): 693—696.
YAO  Guo-sheng.

Application of earth pressure

calculation method considering displacement in

excavation engineering[J]. Chinese Journal of

Geotechnical Engineering, 2013, 35(Supp.2): 693 —696.



