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Effect of CO, geological sequestration in
deep saline aquifer on formation pressure environment
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Abstract: The process of CO, sequestration in deep saline aquifers involves fluid migration and pressure
transmission. Based on the field data of CO, sequestration in saline aquifers in the Frio region of the United States,
a two-dimensional multi-lithofacies model was established. The variation characteristics of the rock permeability
during CO, injection, the variation characteristics of the rock pressure, and the evolution of the CO, plume were
simulated and analyzed. The results show that the formation of a funnel-shaped diffusion halo was observed when
supercritical CO, displaced the salt water, and salt precipitation due to evapotranspiration mainly occurred in the
single gas phase region near the well. As salt precipitation increased, the permeability near the well decreased and
the pressure increased. If the permeability of the cap rock is improved, the pressure in the reservoir will decrease,

but the possibility of leakage will increase.
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Table 1 Parameters of model

WA BBEE/D LB X BB RS TAEHSH

A FsbA 0.310 0.26 1=0.457,5,=0.20,5,,=0.20,5,,=1  A=0.457,5,,=0.15,5,,=0.999 p, =50 Pa,p,,, =100 kPa

B 2HbA 0. 346 0.26 1=0.457,5,=0.20,5,,=0.20,5,=1  A=0.457,5,=0.15,5,,=0.999,p, =50 Pa,p,,, =100 kPa

CEhen 2.740 0.32 1=0.4,5,=0.06,5,=0.05,5_ =1 A=0.4,5,=0.05,5,.=0.999,p,=7Pa,p,, = 10kPa
TUH 0. 001 0.14 A=0.557,5,=0.40,5,=0.05,5, =1 A=0.557,5,=0.35,5,=0.999,p, =3500 Pa,p,,, =100kPa

TE: (a) WURZEA: WK R F1 434, IR BRI 30 °C/km  HBERIRIE 10°C S, =0% , Xy, =3. 2% (b) HISKAF LD RIAL R HH 50 R
CGEFEBI) , Hfls % kit 5
HAbAR R S EOEE R 50 PR 2600 kg/m’, 5 )2 PUE 32, 51 W/ (m - °C) , A1 WORL AR k4G
920J/ (kg - °C),CO, ¥ ELRE 107 m*/s,CO, HEABHFE 1. 85kg/s,
ARSCAERPLE R 2 T FLBR AR fe, Bl A A e L
LR SK A Z M B kAU, XH Verma ( @:@ @:@ ) @:@ )
A=) 45 S R (tubes-in-series ) (& 2) $f iR L B i - / \

I HREE BRI AL, R, r 4 51 9 AR 4 3 0 FL B | % ,
FAt, CO, WK R 2 rh, —J5 2 A 78y ) BREEREEE
CO, 38 1 i i VR A ROK I W 5 o9 — T Tl ok T Fig. 2 Sketch of tube model
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55 6 1] AL G REREUKZ CO, b IS 77X M2 He ) BREE (5 ) 515

1-7I+ 52
kﬁ = ¢ . (2)
0 1 -1+ r( j
0+w -1
1
Horp P J
I-¢, 1,
@,
L b——8H 2B &R h——8 2V 6B 3 %, 1.0
Fr—RALZEEE K5/ LR K A, 08
o,—— BB AT LB 5 W1 A LR A H 4 <
o (ARSCHIX 2 NS EIEUE 0. 8) gon
IR (D M) R SRbns E R ]
M), A&l 3 Fra . DAIEL 3 RIS AR IR RN EE A 0. 2 B £
(BRFLBUR R IPIER LR 0. 8) ,BiBHEN 0, 0.2
3 E*Eiﬁﬂ;u Eﬁ#ﬁ&i’:}ﬁ%g'ﬂi 0 OA(I)S 0.10 0.I15 0.20

Il ARSI

3 ALEEBRLESERBMEXR
Fig. 3 Relationship between rock

FIREA BB, CO, W LK 1Y 1 7 2 P il -
HZ IR RS . 1EZ8 AR K P 17K
I AWIEA AR UK BIEE BEA W T 2Rk ik
FVFVIRZS I, FHEA CO, A T, XA
o Bt 17 5 i AR P8 ) TVl BT, e 4 B FEDCRET ISAL , JBOKBHET , AR AN BE AR B A S

MIELS WTLLVE 7 A SR DT A B AL TEEA T A 5 X, WIERIEARY CO, 28 % T HEAJFHEE
JRIKH K Sy, SRR B TTE RO R . WUERERUIVEAY B KB —5E BO{E, 2 RN BERRARE A A [ 148 2
AT AR ) 3 32 B

permeability ratio and solid saturation

0.010¢
S,
0.008} 0.007
- e
20,006} 003
= 067
2 0:00T
= 0.004]
i)
0.002|
0 100 100 100 100 10° 0 200 400 600 800 1000 1200
A ) /s 54 /m
B4 FENFHHE S, BERTEZT{L Lk Es5s EHENESH=E(FEN100d)
Fig. 4 Variation of solid saturation S Fig. 5 Distribution of solid

near well with time saturation (100 days later)

4 CO, PRHIEE
AR CO, TEABEEIX 1. 5 km BIGEHREUKIZ I, 22 B CO, IBBATEUK R . 18] 6 AN
TEARSZY AR EE R 7 A RAAE , o TR o S AR IR 18 AT LIFE iURsIm 5 CO, M iil&l
MIEL 6 AT LU SRS ORGSR A0 < A A R CO, BT AT BT FLBR B ROK R IF A 4
fLBRZS 18] i TR ZEAFAE, CO, 2TEIF I TR THAZ T, i 0 2 REA ROt CO, k& Lk,
SR TIT CO, PR —E I, 2 ek BEBERE AN T 346 B2 B4 T R AE 8K R 9 B, B — 2B i Tk



516 IS S (SN S RE A S N T8 Ha4 6

Kigt CO, EARUKIZG IR 3 AW A X5 B X GBI 2 ) - AR DRI AR X, R X 22
IIARAEE AT, IR PR X A8 704 -5 ORI AL AEE ) 3 A — 55, IR XA A TR KR Js e B R DX

o

w
*

POOOOOOO0
—hobosinoyvaoolo
COOO00000 |
—hoLrRLovaco

VREE /m

0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
A5 /m B /m
(a) HEA100d (b) #EA2a

Ee6 SHEMMESH=E

Fig. 6 Distribution of gas saturation

5 EAZUHIR =S EFE

CO, TEAfJZ N IR SRR 4 [R] f 2 P T ) A%, HLR I M 3R A s i e R T o, SRR L, 62
K SCS B X T T AR A E RS, 18 7 A CO, 1 a o , AN SR Z B E R b, TSI (AP)
s ) oA = 18, AL 7 AT AR Y 35 2 B B AR (107'D) |, JE [a] IR 12 WS Y R B TR )2 . 714
BB T, i T Z B GEZ s # 1 200 CO, $eftt 723 8], 1 AT I s J 48 I i FE AR B/, 8
JZBEAREUINN (107 D) BHPS T RUK B9z 8, s R TE 2 N, 0 B R sh BN, A PR B
T RIS NEE R T LR Z 6], B W)= B SRR, )2 T A UK A LB E T Y
AN, A AT DURE S AR R N B R TR T

A P(MPa) 0
55

45 -10

135
25 =20

£ 15 = 15
b . o -~
2 % 05w 0 0.5
—40 -40
-50 =50
—60 L 1 1 A| 1 1 1 -60 L L L L
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
BB /m 5 /m
(a) k=10"D (b) k=102D
0 A P(MPa) 0 A P(MPa)
5.5 5.5
-10 45 -10 45
3.5 35
_ 20 2.5 -20 2.5
£ 15 £ 1.5
o 1 ’
w 0 05 é -30 05
=40 -40
~50 -50
-60 1 1 1 1 1 -60 1 1 1 1
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
FEES/m #EE/m
(¢) k=10"D (d) k=10"D

B7 EHEMZEDHZE(FEAN1a)

Fig. 7 Distribution of space with increasing pressure (one year later)



55 6 1] AL G REREUKZ CO, b IS 77X M2 He ) BREE (5 ) 517

8 N[ )R B B AT I I 34 i i 1] fr) 22 Ak 8
AR, TR A BT A9 AL, 740 ) 2 R s 9
SN, P T SR T AT J] LB K 5 25 T A Bl sk
Y )s CO, A R HYIZ R 2 MRS, FHEA CO, Biex
N ERDRZ K818 TR, K 8 bl LU
H, SR B 2 A A BT e 38 i ) i LA AR

SR, e 38T A 06 (L B 5 i J= 5 5 23R 14 1 ik
g BEAI ARHEHTSCHY 73 A al AL B CO, AN 9RER ol

JE 13 HN{E/MPa

K AETE A BT 2 (B R T3 A B, S R VT 0 100 200 300 400 500 600 700
O B — 5 111, 2o I 2 R A0 v AT T BT 103 1 I
ORI N e b IWLNTIGEE AP Ip AL JIE SN B8 EAFRLE B E N

Co, A GE 295 5 A AR 1 Rk 2 ’ A K Fig. 8 Variation of pressure near well with time
R TR KRR 0Tl BE 2 R BUE A B9 IR, eI 51 AR | 52 0 3 77 A RO R 2E 4k

6 & it

AL Frio CO, EHAFZ MK SCHEFURHE il i BUARAUIIIE T CO, TERUKZ I EfF e, i A
B CO, P13 A0 32 B B R 388 e st () A0 25 18] _E B9 0 AR AE , A SCER AT R X5 )2 FLIB YR RE AR IR,

a. BIE A CO, FERE BRI IR M i A v, 32 % B 2 VR B 22 I ) 22 AL [RIVE ) TR A 7 B £ DX 3
IR YR . BeAh, DEA IR PO 3 B A0 DX BASCRH DX -V PR A XORT B
X,

b. IR LR A2 A AR ST AR TE , 1T HL U 3 0 T AR A A X, ARG VP AL )
[ P 0 R N9 355 3 2 B ) S R T X4 AR RN SR 3] 0. 2 15, B B Kk O, IATT (S AH 1 3 8h 32 B, e
TBE,

. W ZBBERMIE S LR SR EE W, b )2 B BRI, 482 T i sUK EA LR A
FEs i aigin, WaSEMAERE, BEFN 107D )2, A MHL A E S BRAH 8, K 7T AR
UL B 1 ERA )2 18R R 107D KB IE )2  TEA ML R BRI, R ok g w2153 3
A2, IR R | IGB 15 56 5 2 B ) R 2 L 59835 T S D, S IsF 1] PN TE T

d. HAAGHE RN ECEE —HHHEMRBEEIE T COo, FEHAMA RN I — I m i ik m
BiEMSSFEAEZEN B R ET), 50 S AT, WisEm Co, HAFm &L aetE,

Sk :

[ 1] VAR, BRICE], oA, S5 COM T # B A7 IR BAN S5 [ 0] PR il R 24 ( HARBE/) , 2009, 31(1): 91-
97.(XU Zhigang, CHEN Dai-zhao, ZENG Rongshu, et al. The theory and conditions of geological storage of CO,[J]. Journal of
Southwest Petroleum University ( Science& Technology Edition) ,2009,31(1) :91-97.(in Chinese) )

[ 2] WUHERE, mdRic, Bhfh. CO, b B /7 N AMIFSEME L S R T [ T]. BREE TR AR 23], 2012, 2(6) : 503-507. (ZANG
Yaqiong, GAO Zhenji, ZHONG Wei. Overview of research and application of CO, geological sequestration at home and abroad
[J]. Journal of Environmental Engineering Technology, 2012, 2(6) ;: 503-507.(in Chinese) )

[ 3] &/, FEW. R E Co, BB RMIIR[T]. &1 1%, 2007, 28(10) ; 2229-2233. (LI Xiaochun, FANG
Zhiming. Status quo of connection technologies of CO, geological storage in China[ J]. Rock and soil Mechanics, 2007, 28(10) .
2229-2233.(in Chinese) )

[ 4] RERH, BE, BI0K, . R X ESAE CO, T B I [J]. AT, 2009, 23(2): 359-364. (ZHU
Yanming, ZHAO Wen, ZHAO Wenyong, et al. Research of geologic storage of carbon dioxide underground disposal in the south
of jiangsu province[ J]. Geoscience, 2009, 23(2) : 359-364.(in Chinese) )

[ 5] fthds, 2230, kM, 45, A 3R UTTEXT ROK 2 Z Sk 5T 3 A R RS2 . UL B[] . b BrRH1E 4R
2012, 31(3) :109-115.(KE Yibing, LI Yilian, ZHANG Wei, et al. Impact of halite precipitation on CO, injection into saline
aquifers; a case study of jianghan basin [ J]. Geological Science and Technology Information, 2012, 31 (3): 109-115. (in



518 IS S (SN S RE A S N T8

#
:
gl

Chinese) )

[ 6] VFERI, FRAVET, B2t CO,RMLTOHAE S B IRAL A HTERE [ T]. HERBLA LI, 2007, 22(7) : 698-707.(XU Zhigang,
CHEN Daizhao, ZHEN Rongshu. Geological storage of CO, and commercial utilization[ J]. Advances in Earth Science, 2007, 22
(7): 698-707.(in Chinese) )

[ 7 ] JIANG X. A review of physical modelling and numerical simulation of long-term geological storage of CO,[J]. Applied Energy,
2011,88(11) : 3557-3566.

[ 8 ] ZHANG Y, OLDENBURG C M, FINSTERLE S, et al. System-level modeling for economic evaluation of geological CO, storage
in gas reservoirs| J |. Energy Conversion and Management, 2007, 48(6) : 1827-1833.

[ 9] ¥, FEWE, P, & BiIGFET) COMERERUKZE Tz B AT )]. TRMY B =R, 2012, 33(11): 1971-
1975.(MA Jin, XU RuiNa, LUO Shu, et al. Core-scale experimental study on supercritical-pressure CO, migration mechanism
during CO, geological storage in deep saline aquifers[ J]. Journal of Engineering Thermophysics, 2012, 33(11); 1971-1975.(in
Chinese) )

[10] JUANES R, SPITERI E J, ORR F M, et al. Impact of relative permeability hysteresis on geological CO, storage[ J]. Water
Resources Research, 2006, 42(12) :395-397.

[11] GRUDE S, LANDR@ M, DVORKIN J. Pressure effects caused by CO,, injection in the Tubien Fm. the Snghvit field[]].
International Journal of Greenhouse Gas Control, 2014, 27(27) .178-187.

[12] OTT H, KLOE K D, BAKEL M V, et al. Core-flood experiment for transport of reactive fluids in rocks[ J]. Review of Scientific
Instruments, 2012, 83(8) :084501-084501-16.

[13] LIUH H, ZHANG G, YIZ L, et al. A permeability-change relationship in the dryout zone for CO, , injection into saline aquifers
[J]. International Journal of Greenhouse Gas Control, 2013, 15.:42-47.

[14] TORE A, JOHN G.Demonstrating storage of CO, in geological reservoirs; the sleipner and SACS projects [ J].Energy,2004,29
(9-10) :1361-1369.

[15] VERMA A, PRUESS K. Thermohydrological conditions and silica redistribution near high-level nuclear wastes emplaced in
saturated geological formations[ J]. Journal of Geophysical Researcha Atmospheres, 1988, 93(B2) . 1159-1173.

-
hBEAFE/KBIETSFERTSELEZBF

2016 11 A 10 B, P RTH LK OB EF LT ELTBIT, KFAZRIFRKEEF, L b Rk
b BRI A AKF IR AR - G AR A S A BE S K AR SR R BRI R B

E R RA R A BL RO ELY AR, ST, 2HRTREMN R AR 0F
P B 2T RIS RREZELRTERALHREIR, FEABUTZHE TR THEDERER
T¥ Jedfshtb RAESHRECEATERBRRARGEARBR, HLTHLE FiE 227 HREFT4HFT
YR LR E N Gk EARE A FTIRS) 69 KR Rk A AR T 3] 2020 42030 AR IR AL B AR IR A0 AL ML HE
@ B AR, SRR R T A E R,

ARt A0 TR E LS FARREA AT T 2, N &N F B KR B 2 Fe o Kl AU T R 0 5
FAAE RN T W B B RARRE G AR IE FTAARA By R R A 3 AAE T AL ARG R 28, F
Rt — P IR BB SRS AT T ROK TR A & ZIRERT SRR,

AHitA L 13 5P RBFE RAKHEFESEEESKE REMBRIAE Kb s A5 PUEME
TIRAR T . PR E KA T GARAH FBF LA A Ak 038 150 4 RAS AT A,

CSIEE S T



