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Recent advances in geological carbon dioxide storage and utilization

WANG Guangfu'"?,LI Yang’, WANG Rui',ZHOU Yingbang',JIA Ying'

(1. Petroleum Exploration and Production Research Institute, SINOPEC, Beijing 102206, China; 2. State Key Laboratory of Shale Oil and
Gas Enrichment Mechanisms and Effective Development , Beijing 102206, China; 3. SINOPEC Corp. , Beijing 100728, China)

Abstract: To promote carbon dioxide (CO,) emission reduction and achieve carbon neutrality, we analyze recent
technical advances in carbon capture, utilization, and storage (CCUS) , highlighting existing challenges and future
directions. The findings indicate that the global CCUS industry is undergoing rapid growth, with the number of large-scale
CCUS projects worldwide reaching up to 392 by the end of 2023, twice the number in 2022, demonstrating the
preliminary commercial viability of CCUS. Significant progress have been made in the research and application of the
geological storage and utilization of CO,, including (1) the use of representative elementary volume (REV) in the
characterization and modeling of geological CO, storage reservoirs, enabling the application of microscopic properties to
macroscopic geological models; the utilization of strain tensors in the dynamic characterization and monitoring of storage
reservoirs; the comprehensive application of many techniques, including geochemical imaging, micro-seismic, fiber
optics, and geothermal and atmospheric monitoring for leakage detection of the CO, storage reservoirs; and the
development of simulation techniques to simulate various CO; plume migration scenarios and sequestration potentials in
the storage reservoirs, tailored to the various types of sedimentary reservoirs; (2) the wide application of big data
technologies and artificial intelligence (AI) in CCUS, including the development of proxy models for the rapid risk

assessment of CO, sequestration based on deep learning and coupled geomechanics and the utilization of machine learning
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to predict or assess the CO, enhanced oil recovery (EOR) and storage efficiency in residual oil zones; (3) significant
progress in the new techniques for CO, EOR and their application in new fields. Emerging techniques, such as
alternating injection of CO, and low mineralized water, CO, micro-nano bubble flooding, thickener-assisted CO,
flooding, and CO, foam flooding, have shown promising results in field tests. Furthermore, the application of CO,
flooding has expanded from medium- to low-permeability sandstone oil reservoirs and tight sandstone oil reservoirs to
residual oil zones (ROZs) , and shale oil and gas reservoirs. However, there are still challenges related to the safety of
the long-term sequestration of captured CO,, economic viability, and technical uncertainties. Therefore, it is necessary
to further improve existing laws and regulations while vigorously developing new techniques for the geological storage and
utilization of CO, by conducting multidisciplinary research and technological innovation, and promoting international
cooperation, with a view to ensuring the safety of the long-term storage of captured CO, and enhancing the economic
viability of commercial operations.

Key words: safety assessment, representative elementary volume (REV) , micro-nano bubble, residual oil zone

(ROZ) , geological storage reservoir, CO; flooding, carbon capture and storage (CCS), CCUS

SIAES: TN, 2200, £80, 4% . Sk T3 - SR AT e L) ). Arih 5 R LT, 2024 ,45(4) : 1168-1179. DOIL: 10. 11743/0g¢20240419.
WANG Guangfu, LI Yang, WANG Rui, et al. Recent advances in geological carbon dioxide storage and utilization[J]. Oil & Gas Geology,2024,
45(4):1168-1179. DOI: 10. 11743/0gg20240419.

. 00w
1 CCUS *EE{R 350 - :%E;;E
300 =R iR
EESRHEE S ILE R . fEA AR RE 250 |-

TREEF AT T, Akl 5 R 5 B (Ccus)
B ARG A R A H S A B HER AR 22— |, S X
SRR EE TR " E—-RIEIRER
HOEMEZAERECOR ST, CCUS K T e & e
A HLI

R 2023 4E S, e Bk KM ccus T H i ik 3
392 /4~ (& 1), 1 2022 4F 346K 104 % , 3 42 fiE 13 ik 3] 1 2Bk CCS/CCUS KAY/RIE TR AR iz 8 Bk CBd
3. 61x10° t/a, 5 2022 AFEHIK: 49 %, LMK AT 2024 RV T RIS A BB )
5 2, Horh B 52 R G 21 A TR B L9 b T Fig. 1 Status-quo of the construction and operation of global large-
BB B, 80 Ak TR BE T & B B, 92 4~ 4k T H A 4l
BrBeo Dkt B B4, S 694, CO,L Hiik

A A1/(10° ta)

0
20102011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
10

scale CCS/CCUS demonstration projects (data sourced from
GCCSI™*)

SEAF 484 & VAR = 254 kLT 5 HGER
28, RARALHE 164>, HHT, 2 BRop iR sl ik 1)
500x10* ~ 1 000x10* t/a (AL BEAL T H A7 24 1), £
A3AETACSE WU R K i X, 0 5% [ 28 Y v A St
Ship Channel CCUS " MP A FE (R 7E £R 36 F : 1x10° t/a) |
& [E Summit Carbon Solution CCS F=\VFERE (1 000X10* t/a) |
fof 2% FEAFFE Aramis CCS 72 MV AE#F GE IR /R /5T : 2 000%
10* t/a) 4 )& Longship CCS 7=k £ #f (150x10* ~ 500
10* t/a) . [ 73 4% 2% Acorn CCS 7=l £E B (500%10* ~
1 000x10* t/a) K [ 48 2 Ml X 7= b 48 B (1 000
10* t/a) %,

EOR SRR & . R AT, 2ERAH 1401
Bl R Rk 22 B AR A R i - HE sl R . EIPRAS R
AN T 2 Gy AR B BUVE R B ), KO R R
CCUSHIAR . LT F N BT 37 Rl Ak 4 mil S5k
PrbLiil & etk . WK B AR T A I 50 SETTA g R &2
90 70/t , AR U E A B AN A% B 1R 22 70 ~ 140 3570/t
T KA s SR LA VR 58 (CBAM) 7 ikl i,
ST X R K S35 w8 A 8 1177 S AE MSCRR 107 6 9 P i it
BB R A BE X CCUS F AR & J2 . 5 [ I AR HE
R HAR SRt A Hig it S L
T AN FRFRBEOR , 2008 4F H & 45Q 4%, 3T 3 07 Y



1170 £S5 KRR R

45 5

JH T i 2 Ak T 45Q AU A1 BE 3K i M 35 SE T/
JINZE 60 JE 0/, Hb 47 M\ 50 JE 0/ 3N 2 85 I TT,
B S CO M F IR A AN 135 30/, T 5
FEEI AN 180 2670/t AN, RER 2020 72 2 X WA 45
BHAE A B BB AR A BT, LA H Ry
BT T HREEE ), CCUS HARAQF iz L i, =k ik &
JEAHARIE T H AR A 2P L E il
53 o 5 ML % 22 [ QW 35 38 9 % (Clean Competition
Act)), fAIFR CCA ] 5 ER B CBAM 248, CCA Xt #F 11 3 &
fiEds co, HER 28 F, IR B I AR BE S R R PR, B
BRI, RS e ik R L 5 KRR FE S T B IR 45 4
B AL, , XA SC B R A i (2 B T 2% i 1
G T 53 e e HE A 5 ] 0 3 Wl S ot A 2 B
Gy AT R o AT R B A A F G Sy O s 9% 7 i
BN I CCUS H AR I & $8EA KR 3 i RS
SN A RE TR L HIAT T IR SR

H [ 1 CCUS $ AR 1E &b T Hea & e B B, UM
T CCUSFAR , I8 LA Ay 52 3“3 ™ H A Y
FERAR, OXZATUR 25 CO, M IR 377 38 g it
117 VAR o O B Co, 1l 4 R 5 A7 48 B i 45
(2023) Y2 e 42 3 JE CO, M T B fE 25 & 0 (1. 21 ~
4.13)x10" t, W FH M AE K Z . Har, D &w e
BT RRA AR R S B i AR AR AR R Bk A
BT 24~ CCUS /Ryu It B, Wik A e 5 W g fAe 48 T
TEg CCUSH H |, 5RIK 22 Wi i) CO, b 57 577 TR ik
BT AR R AT . 702 Pk WD I AR R &R TR I
S WA 7 T8, 7. T — RIS bR R APE 1%,
RAE B AR S0 BUAS AR 2 A M IEAN 7 IR SR
T Wi 1 229k

2 CO, MR EAFH A it

2.1 CO,MEHFMHEMRRIE

CO, b Jif f 77 A2 1R L AE AL 45 CO, Hb i 5 77 3 ik
ST VEA . CO, M TR BHAF AR RAE 55 A%

2.1.1 COR 3 A bk B #7130

FECCS T H i, ik AV S P 2 30 H s sh B B

B XHEEMWIGL IR, & B2 m I H W25 17
PERIIAEE 2 . Bachu 78 2003 474 H T 20 H 2 i 1
Sh5 s BB R4S N85 (CSFL) FIRK B i Fe AR 52 i 7
AR R 2 T AR A 7 b R bk R 5 B ks ik
2041 (1SO TC265)7E 2011 4E ST T CO, 17 1Y [H Prds

i, LR /INER 3 N RS B T O, (LS AR S BRI R 85
R, RZEXTHUKZE COMBTEAF . CO, M BT AFE )
PO BT IEAS AR IR) ) ARG A SRS [R) T L 23y [ K
G AR DX IR AN I, TR B RS R A
] AT 3 Ry PR B A TR R A i IR B B A R

HATC R T — RS0 e AL TR, Loy
BORFIAEBA T 2 BUPRE | T 5E ) 3 5B 70 10
W, 145 GIS H 5] o A X 4l (AOR) #E A PPAl T 5¢
R A BB 0 A A R ORI R PPAG A5 B
Hiu A5 AE A BRSO AN K SO SR U T S0
IR G- B9 28 31130 1, i vy 3t i e A 300 H ek ik A
B A R R SRR AR

CO,BF M A7 Tt — 2y . L5H
CCS )= T2 AT M Z AL A thyid , e AL s £L
Bt o B A B IR £ e S K E  FRT S 4RI AE CO, il £7-fik
JERTE Y R T ARG G FOAET , KR RSE LT
AR IR ER 5 )= L TR R B B0 3 DXE i 5k P
S 2zl /N RUBE BT 28 LA T b B s A e ik 0 534,
FRAR T (ROZ) ZEAS ] X I R A 1 CO, 1 5 354 47
Gk, [ 3 BE 4 g S >R Wi 5, B AT e 14 1oz i
SO TURHZ R AT RE 2 N CO, M A Y — Fif
AT

2.1.2 CO,M 3 Atk B R AL 34

CO, b J57 B 74 J2 R AE 5 AT AL 45 XA [4]
J R 1 B A 2 R R A T ER AN A, DA 70 1 R
Wz LB & FH T W AR A B oR . H TSR )22
FAE P HARAE CO, B A7 IR 1 7 L i 58 MBI & T
Vi T 222 BHE BCRAE XS IEAG (2 Al 33 DL I
A DU RN R R ) F A PEAG CO, T AT
PR A b TR g o AR SRR TR 2 R AR A RPN
X T e KA B A7 25 0] S 4% CO, P it # () 22k,
iR CO, 1YL 2R R

1) B Z 5P A B RAE CO,BHAA . dnfedt
B CCS T H H , #F Broom Creek )2 1E h #1147
CO, IRt )2, R T A& Mo ot A W B 50 o0 B
LT )AL DT EEIATRAE . CCS A A By
RAEAR) TALGEM A, PO HT# [ R A AR, R
FE D778 T3 7 5 2 R A, R ) T
MR R S12Y BeAh, N bR Ak 2 5 B mT DL S R AR
)2, ARG CO, A WA R A

2) JETUURUWE R AL 3R AE CO, B AR RAE S BTt .
OB — B CO, M BT E A7 19 4K, DUBUEHITE CO, 1l
TR AR TP RS2 H £5  FERE Quest T H AE



5 4 1]

EOAE, A AR BRI BT A S ) B 1171

TEERGR A (BCS) HAE T 1L 700x10° 1 CO,, £ XF
AN FIGTRR S A A J2% e FLAE B4 BT MR s, 400 T AR
WATEY CO, PR IER G S M EAEW J1 . R T ek
TR e = 1 [n) 0, TR0 4 Fp e B AR S R A0 45 1
A AR TR LA R R DO . AR
O PRI T TURUE I B X FL B RS 15 R I 5
e, AT 2B < B RV D X0 15 375 30 4 DB i 42 il 1
B DU B S N 2 % ~ 3 %,
123 (i 32 BB 35 R KO8 38 R0 R 3 D8 9L
CO, b T A7 — AR AR B, TOBEE Y ik
23RS COFEHL T BYIERE 4047, 1 AL CO, P AEAN ]
RO R AL sk A8 1T 4%, f AL R AL VIR AR X it
X CO, Mz B ML A A EEAEH. AR
DU RIS T CO, 1A A R A B AP R L i AH DT
A Bl ) 2L = B A 20T 2 22 i Bl AR DTS, Bl AR DT
TR XGRS A0 T = O . DU A Py e J2
A LME R CO RS 1Y BB, A A B A7 2 i C o,
TE M B 20 A R0 AR RO, PR R 0 e 2 %6 T4 1k
CO,TE NSRS FIR i BT RCR B2,

3) S FH Z Rl RIFZR CO, b T B AR R @A 7 vk
P B RUBE S5 1 0 T SRR ST (REV) HR , S8t
s AR TRy 1 RO RAE 4 o RLE 1) i 1k 12 FH 7%
LR () Hi SRS R, R 25 5 ¥ R % 5 647 Co,
M EAE AR s 22 9 P18 I B b 2 Bl i N
CO, 1y b BT B A7 Skl > 38 2k 53 B P18 ¥ FEA O AT
SYMT, BT 3% M XU AU Hh KU D R S AR AR
PSS R 2 A, B 5 FL3B  TIRT A , B B
U R GHOULFL BR S5 4 , BFFE i FH Micro—CT 3D EUE Y%
TEAAR T4 A S o0& P25 AT T RO, 8 T DR
IREEXT CO, T A5 2 o peAh, XF I 73 B ek
TR )2 AR T, 58 HEICHE AT I ASH S PR R AR BOHIL
D7 THI 8 22 5 5 R R DUA SORGE I A CO, TR 24 1) 4 3 72
BEAUL, X5F CO, A AN EHF BRI TITA

4) 3l 3of b ST ) 2 A ST T ) 2R AR RR
T CCUS HA a1 R 7 AR e £ B8 0047 ek 2R A A1
DB T5 1 o B DX RARE 0L 3R B 00 £ R At g % )22 f
A5 5 A 0 T R FRAE AR A W ) B A AR S e fiE
% figt DR IR CO, 35877 19 i S5 g 2 KU, 7 J2 o0
TR R MR . PRI T S ATkl BT ) 2 KU PEAS AR
UL ) [, o PR & B —7K - 07 24 ok B At W
2 FE I A S I v 0 (s, IR R T AR
PR TR o X W7 24 K T i DX R b T ) 2 A
UNFRAEAH)Z AN 178 55 )2 v R SR 24287 7 ) Lo A
N T DEN A2 G154} CO, i A HEAT = 4 fif )2

Jit 2 AR, WF 5T R IR RLAE XS CO, T A B A7 RE I Y
SR LR RO

2.2 COMRHEFEREMEEMN

CO, M 5T 4722 A PEVV M v KM T 22 A PRI
M 2% AV I LA R 22 PN 25 34T T .
MR AN AL SR AR B A A, Mt
Ll RO AR M 2 A NI, I (] 2 PP A T
X BT S8 A AU XU, B9 DA

CO, 3 3 730 F 4 AP iRy

i T B2 AR VPAN I S CO, M B B AR OC I 22
A, AR 55 )2 B B AN B A PERE TR TR
I8 o £ DX IO 5 BB A A BERIL I R £ 31 % 5
FIAg XU TP Ak R A 8 8 A )2 40 3 TR 1 ik & A 1F
HENT | CO, M ST EF A7 T i B AR AU 55 KU P A, LA S 7
CO, A [B] A7 FH e 17 T 7 125 T 22 J2 R 0 3 )2 5
PETF IR R AITAL

TE CO, i JTT 30 77 G, B DR B 47 i i ) AT 4 22
KHEE G5 2 A A S B ERESE W2 B P DL R0k
A M e AR U e B PEAL R R AR L
FEHE R R A O R SR ) A CO, AR
B AL CO MUK A7 A 2P PERE , BN O 25
JRTE R BT R D R PE A b . IS K2
P fif A itk 25 £ 2 77 € SALSA (semi-analytical leakage
solution for aquifers ) & 5 X} % 1H - CO, itk s %) XU 12F
FEPTAG S0 RS DX I ) AL ) S0 7R 5 5 445
BEORE 22 4 PEDE O 7 T JT A T — ST PR AL,
NRAP-Open—TAM 5 #Y>f jij FH e 7 1 i o] A i fith
FEIH IR A TPl CO,7EHL T AR
RS ENE , AL 1E SR A SS BRI CO, YA T o

2.2.2  CO, M3 A Mo @ 5 At 3+ 2 )

2.2.1

CO, Ml 5 35 77 b 17 22 AP DA 32 2 S itk st 00
Tt T RIS M 00 AR AL O R B AR DGEF ML
KA LA B ERA AR . 2R G m R
T CO, M S5t B A7 (19 22 2 PR W I, A el R B S /9 Tn
Salah Tl H 75T HER A2 AR BN I CO,
FRRI % T B, T T 2 iU e 51 25 Ml Bk A 2 T B
K V] A R 2007 47 BB I il A 5 = A A TEAHY
ANER AR o 530, BT 2 T B R AU, e
JEE TR ZE M 2% (CNN) 9 U-Net 2844 , PO ITAY CO,
Mo ST v A 3 5T 2 KU ik DR A% TR 5 22 R TR T
LA B CO, BHF A TH R AR 2 3



1172 £S5 KRR R

45 5

it S5y 2 RSl 1 337 . COL MR EE (2 L A%
FRYEIE I8 25 R, 7 800 A i 8 A A TR B4 i A
T BEAT T VA —Ak, ISR i

2.2.3 CO,M 3 A8 22 MiFm

CO, Ml 5T B 7752 PR 3R A IR v i A L CO,-
IK=E AR AR T 25 o TEAR) CO, TR T 22
TRV A, AT REXT R A0 2 S22 AR SR N T,
BOF R SRS, CO, 5K FI A A H AR 2 2 5
Il MBS I A A S DL KR e A R
MRENE . L2V & O 24 it &
LLATFE COFEH T R FLE AL PRI T Ty A B9 PP A
HFTRETE. @ YRR . i 5256 % B
TR 7ESE PR B F R I 00, 00t s XUz . ) M
TR o R HBR= W T M 000 45 B AR S ek
IR, Bt e BT AE 1 [

R SERAMENTTE BB A0 AR RS HE S T AN
Mo BT, CO, Mo 77 I fa7 58 Bk W A5 210 L2 7 vk
ARG, k= IR S B L 2 TRV J7 1%, Xl e
CO, JBK JZ= B I I 15 58 BEVEPRAN 51 X P AN 5, ik £
s CO, B e P IR S8 BRI T7 1, O CO, 5
I H B PSR T AL St A O

2.3 CO,MRHEHEFEHTE

2.3.1 CO,¥ B3 B iz N PEAE B

CO, M 5T 35 A7 A PRI A8 it 1 S b BT )
SRR BUE A 7 i Al 1 % SR 1Y, 7E CO, b
T A, T BRI AR TR 3 (CO, 3B R4 1) Fl
b ST 2 CE A 288 AT 28 B9 AR BAEH] , 2 56 T
[ HE G TR AT B SR IR S A BT ) 2 i G s, A
FH I 500 1) A — R i A Y A B8
SRR R B S, IR S OB AT E , i T
Hi T GE T ARy AL A A b A X A
ARSI AG S5 A AR 4l B 7 00 1 A0 SRk v s A H At
G S A R A TR UERY o AL AL, o0 M i )2 N
JZE SR VPG W JZE 7K A2 AL B g 36 5 i RE ) DL e
CO,VEA LI TR AT BB 2L A b R I Ol o

5T R, KIBIR CO, 7 E A S5 LT He ) R
IS AR I AT AR B M 5T g 2 KU G 3R P
o)A LA CO,, BT 2 B 5 R R T
Bl AU 1 2h A B N b 5T ) 2E L T BT DITE
il 3 SR XUBS: > AH T A TR (R R 22 58K J2 K
FIRL CCS BT T I ME s 2 — . Terada S54F 2023 442

T — Pl LUUAR S TR ) 23 6] AR A (PSS-SIM) HY A
553l 5y e PR AR A AU T 0 L I 0 3R T CCS il
(4 T s =X, A PSS e ) A B AR IR AT B )
(DTOF) A Ay 25 [a] AL A (9 a4, B ASIHE COLIEA ST
A 25N 3 RS- 24 187 1 A8 Ak 5 A 25 R 4% [i] S PR Y
[T, AT LA S A0 A T i e — R L L, OF
FOVFAE TN E PN PR A CO, T AL A b 5T
J12E A

2.3.2 COMFEH G AEASNIE

T B AE I E A A A SR P 7 A8
CO, P A E B 2 B ERCR I . TR
TR i AR T B2 SR R AR 2 415y AR S IR ALY
S AR TS AR I . UL, Takuto ™ 2 H T
— b TR 2 o BN T AR, T TR R o
T2 B COPITE AT AL . T A FURR b 4o 2 X 45 A5
R ) FH W DS CAn SHE IV e T R ) 1 R A I
LSO 4 8 AT ] (DTOF ) [BIAE R % 4 14 A% 22 7 3
FE RS o 3 o BERE A T DTOF & (I 28 s A A
A, TEUHEAR RAG E . AT UM LATR 24N 5 1
PR AR O A A B R K 24 o, MM
IR P, el FH 26> DTOF B AR N 8%, DTOF J2&
JE S WA (4 2 3k Bt 18], AT PR s HE 0 7 (FMMD) B
B0 = N e ) = MO < £ o 7 =) O A e
DTOF G, H L AF i AN AR 2 PR AR @ X
i SRR HEA T OUARRELAR , RO BRI T N 2R 5 1 A
BA SR ALy 5, B R B b s/ Rt [
FRARBRF I i AR 45 W Bl 1 i 22 B Mk o

2.3.3 RHIERALE L CCUSARIRG B A

B A S AL B AR I PR & 2, KB i N T4 fig
TE CCUS &5 i 0 28 20 ke, E SR IAE LA 34>
J7 i

1) B FEF IR EE 2% 2 RN A H 0t 722 1 CO, 35447
JRURS: B S DA% AR AR (U-Net) ", B RDEL 5 15 K
TR 55 5 5 B AH I H R Rt A, 0000 e ) i o
BT ) 2 SR 25 50 A . XTI R AL
CO, VRN BE A 00, FE S A T AL 38 8 00, W5 42
BRI R AT RE . A 200 IR S 1
PEASG T MR FH T30 24280, s
A EH A CO, MR A OB PR S o 32 H Y U=-Net
ARETRY 7 A 0 R0 55 S B g AR B R R R ) 5
LSS AR R MO R B REAE 0.9 LA | BF5E
TEF T T Y U—Net A5 R7E 0000 45 Fh Mo ™ S50 10



5 4 1]

EOAE, A AR BRI BT A S ) B 1173

AR, o i A R T AR S 5t fE .

2) FIFHBLAS2F 2] F A T S04 6 4% (X CO, 2
SRR B AERCR . R CMG GEM 44 A 5
RSB AR AR IE R B3R LI JKARER AT
RN BE (Sorw) A AH 5% 4% Tl AR A1 BE (Sorg) | 42 7 BHP
(FIRFE) JEA R Z KT LSS5 W
BREADLAE B B8 05 42 I 0 N T 0 22 1 4% (ANN) £
BB AR TN BRI A AR K TR CO, i DA SR
BA ity S5 TR AR COL 5o T T & (AN T 25 I 245 A5 75
587 R B v R TROORG B, AH O R B R A AE 0. 90 ~
0. 98, 2 I AR AR AR v 9 52 22 6 R 07 THHR A 301
BUAb, BT A AR () SF- 35 4y LU AR R 22 3/ F 10 %,
TESE T H T 5

3) iE B TR 2] B IR BRI EUK 2 COo,
EAF IR . CO, Hb T B AF B A A U — R 5E CO,
KI5 AR FEIHR HUSAR M e . #F &
— R T HLAS 2 S AR AR, N — AN T 8
2510 CO, fiff 7 BT AL 7R i A S 850k CO, 78 4% 1o A
FE KT8 05 32 ) 50 R T FLBREE )2 K1k
JE TR FFERT 5 S EC BRI AR A 1S AR
FEHOA CO AR, TR R BB K
BT IR A] 8 BT LATET E S S0 6 B, ORI
LAl SRR, AR bR v A b T 5 R K )2 AN A
b B CO, B T .

2.4 CO,IR4E = R Z AR A i €1

CO, 3R 7H1 42 /=1 SR W2 H HT CO, BB Ak 354 77 A1)
ME—Z8 Be Al AT B, R JRt s Hv RS W ™
Ko BE 2022 4F K, EHBUA TR 1T CO, BRI H
139>, 2022 4F38 12 CO, 3R 2 = SR ISR FL A 1= S ™=
24 24. 5%10° bbl/d (3. 5x10* v/d) , /5 35 [ [5) 40 J5E 3 =
15.7 %o Hirp — & A ML 5 )5 77 5 16. 2x10° bbl/d
(2.3x10* vd)™, [ 52 CO, 3R ik 2 H 82 4™, 78 5
i 2. 2x10% t, B31E CO, T 800. 0x10* t, Eif14 3
150. 0x10* t A =, Hirp 2023 4E7F €O, 150. 0x10* t, 4E 7%
T 50. 0x10% ¢ 4121 Fifi 25 CO, UK 48 1 SR M R 2 AR W
FUBLR L B, CO, BRBT H AR A WHH I, CO, BRAEE 7
B SR R 1 g A

CO, 3R 54K A7 ¢ B K BR A IE N
CO, K=K A I A S 08 T AR T, 97 R I M
1A RO = R E N 5 bS8 7Tz

RIS AR AR B K K, R T i T A E i R T
JERI K BARRAT A B 7K, A B R R , B g D R

2.4.1

R, Hol AKB B T AR5 A a0 A 5l
SN T BN I G 5 (R Ak 2 0 EX PR A, BIFgE R
W], TR 2 CO, -7k S8 B T A Be g v oK BrIE 2L
AR AR K B 28 SR A /K 3R 5 €O, -k 28
BEATA, HMET CO, - K AFMEH L)
JKBR A A BB B A RO . A
KRN E AR i HARGSHE I CO, 1 AL
T e Ak B N | BT A4 A o S U R L O
i AL 58 R — /K 3R T A ™ B R (] A
o T AR EE K A CO, RS A IRB R EE /Kl CO,
SR TR E R IR 4.5 % ~ 9.0 %, [ K 55
+ A S AEE IR TR RS B R
AT IR HUZ K S AR K P 2 s E)
TRAHZAE I R S SR DL R R KA A S EE
R, REZENLRABEARPRI T R A1 9K
AR B2 B AT E AR 0 Sl g3 it =

2.4.2 COBEEEBIEAR

CO, AR T H AR — P B A0 2 R R 4
AR ZHATEEAG LA ZF AT il fLAk
R P IR 1 0k AR RS AT B B oK L i AR
ARG, BERRAE (ST LT K o iR R 2D
IKFELEAR , T o3 O (R ok RO OB 25) e
IHTRA R R o R SO B A S 1 4 BEAL 2 1
Jot, AR A HE 3 R AR AT 7 e A B A e A A
RHOR SR BT . RIS, AR B TR LIE REE
Pt NS [FIBURBE T FLBR 2 18], 2 s figg =ik, e A4
ROR FERE B, LR 18] b [ 3 R R KO R A
W AL TR ER K R UL, CO, TR K I B AT ik
FI P A PR S A B HICF FD f FE TR R
FHELZ R ARG HA BN )T R R AR e 1
LEA, KI5 P PR R 3 TR P 591 AR 0 K AL 5545
AREA P BRI, RS T A 2 (0 F03 17t i v i
MRWCR . ENLRBITLRY], CO, KRS A
ROE G TR R, HAE FEM I R MR IR BE UG HEH5 52
IS (1512)

2.4.3 CO,EEHMBEAR

[a] B A 5 CO, OIS & Y B R, AT LR 5 CO,
AP PERE L BEE . CO ISR BN R 4 Y 9K 2L
RPN H AT E COME R RE IR R N T
BEBRIAREE PR, O REWHER FEE S
AT N B RE S B2 005 AR AT, iR T CO, R T
WHFEE T3 G G IR 5 CO 3 FE . @ /N1



1174 £S5 KRR R

45 5

g
!

-___Z‘EF!H)EEZJJ

&2 CO,AKAMEEH R EIR

Fig. 2 Schematic diagram of CO2 micro-nano bubbles

B R R B A GG R /N TG 1
EARSEL R AT LI i T4 B R RS ] X 45 2548, DA
LA S AR R BE , AT 2 Ak A Y A AL R
5. LG A — A E B CO, AUk I ]
(AR (EERE ) B, A AR 43— 1T DA o S Bk 4 A 8 i 2s
[i] 90 45 235 4 52 (B) 3 T it P 5] 32 3 3k s I e
TE CO,H IR AT R SR S5z fise oAy 2 T 346 2 7]
T Co, mZkE

FOFT R T — R AUICR YRR B T —Fhoks
BT 1-BIG AR Y, A BN T i etk bl
A3 RGH 38 R S B R R AR fh i B (B 7R 4 v
FIEAET B PR AR LR . P 3L P A R
AFIT CO, IR MER G . FXT 3 Rl R Yk
SRR R S TEVR R 1.5 %I, BERSE CO,
BRI S A5 2547 o ZIR RAERD A FRTR L A h R
AR T ARH AR AR B | 77K R R A BT LA 22 BEAS
A7 STk T, AR B i R L A ol R R 25 4
T, B KA BE B AR 30 %, AH AL S5 CO, 3K, %
WCRATHR S 10 % 2i 475,

2.4.4 CO,@EBEHAK

FIH CO, TR 3K W] A7 20047 il e R AR AR
R e i v B 0 B R . BN SR
R, CO IR IR GRS KU a3 , 3 i €O, 3K
TMRCR, AT ANRER 40 % LA ARG . TR, O, ¥
RIKBERSAEHLIR RIS )5 B T R A B 725 [a), BRIk 4

TR R . FE VA S BRI S A AT T CO,
R iR 5, R E 1 587 m, B &R (1 ~ 250) x
107 wm?, FLERE 3 % ~ 28 %, A R 33 m. IR )
U R J1°8 17. 2 MPa, H T E 18 23. 4 MPa, 1K
TELE 40 °CL JFIM B FE R 0. 870 6 g/em®, HLJZ K1k
FENT0 g/l HAEHE3 O -KLEEAH, 4 O7E
K5 FM I o W IRBRSR FH 2 106 M ) - AR S 1
AL TEAC 10 d CO, F120 d G PEF], 73718 56
M 2019 4FE 5 H FFG , 2 2020 4F 8 J 45 8, J5 424 KK .
Wi 45 R 2RI M T 5 KK, CO, I TR DK 12
140 %R R i, 6 4F 5 TS 7 IRl 5%10° bbl, H
25 R A8 20 Yo, T 2 1A T55 P4 7R A5 A8 o 114 ST AR A
2 ~ 53E70/bbl, 275 A s AE 0. 01 PV AL (AL PR AR RS
B0 B AT R |55

2.4.5 CO,3K i 5 F ARR R B 48

HHT, CO, 3K 3= 220 FH TR 2 375 RN 3503 T e 4
ORISR IR B HE ARDIL AR B Be . [FIF CO, 9K %
1o R MR ) g FH TS W 4 L 6 FH T i - K o
HIERA T (ROZ) | U HIE R SR A AG o

1) ROZ

ROZ i F F A M0 =K 1m0 LT, 3 e gl hy
ANEFDIFRME . I 104E, 76 ROZ S50 T CO, 4R
IR, &5 R CO, RLRERS A SR & i R ISR 1
HAESZEL CO, By 1 o 47, JB/R RAF R BRI . 98
] 782 JH PG 35— 7 San Andres ZH 5Ejifi ROZ CO, 3K i
TRBGT A I T A 250%10° bbl, 1) €O, 14. 6x10°
t, TS 1. 0 HCPV (R 28 L BRIRFL) R K 8B 1
A, e 48 77 J5 3 26x10° bbl, B 4% 25 R % 10. 4 %,
EEXT H AT ROZ Y CO, UK B R IR AR AL E =&
FEHb B AL HET N RIS RAFRCR

2) JUATMAE

M T U A A 2 A B IMANKRILER, B R
A%, HEER W & RBCR — KT 10 %. i
AR, DU TR CO, 3 B R SRR AR 58 iR #4
o CO, B M FE AR P IN A 2 T A = R SR 1 7
K Z—, CO, MR A BRI T4 B REAR
R TR AH 3 I A LT Al B2 L DL B2 CO,— 7K X i J2 11
SRR A

WF5E R, HATRe I R ALBREE R E 4. 4 % B i
FALZE 0. 000 4x107° wm? {Y T A7 CO, 2 N 5256
A 2B S B I 245455 0 e FH T DU i b o g A (H
S o Hi TR H pl T DA ) 0 R A HL A A BRI
TR K BRI R . A, B AL



5 4 1]

EOAE, A AR BRI BT A S ) B 1175

S RAFE—E 22 5. Bk UL, TUA IR
1 CO, FF it BERS R 2] — & Y B I RCR , HACR 547t
JAAOEAL Rk B e/ MRAE ) R E R AR R Y
PLEEM 25 AP R BB ARG

H i, 5% [# Eagle Ford, Bakken 1 Wolfcamp 55 71 75
TR TF R T 1 CO, $2 R R MOCR B 71056, Ho P Eagle
Ford i 56 45 2 4 T Bakken , Wolfcamp 9 CO, 7 20
St Rl TR VS 3 M AN 5 b 2 T e 1Y) DU €O,
TR, WA A ROCR o TUA ML TE CO, 77 i
ORI 1 PR AL 32 B4 - O Al 7 A CO, A
SRR 2 A E ML 2 b S M 2 8 I RS b 7T
@ AnAar ™ R WAL B, 38 i DL A5 5 B dn el FRAIR A4
TEAFIERAE A

3) KAR

X TR K ST A, IR HE 25 T 3B K K
JE BT A0 R PR ARl R R AR AR K S
BT 1A CO,, SR K HEE | AR K, 385 <A
BURAE ), S i mUBCR MR, W] RE A% 52 L 70 CO, 3
F o GBRARACAT AL E TR LA E RS
ORI AR HLAE | BEAE ARTHE L 1Y 32 5 ORI AL
o BFRERB, CO, AT R A HORET A
I EABHL R RIRTTF R P sl R 3

3 )R AR

S CCUSFATE R T ARAL A ol Il 2 AR HE
BB FBeZ — o SR, BRI A 1 Sk R
CCUS BN IR R Thi e 3 — 2 51 [ RE AN PR

3.1 BURKEEGEM

CCUS AR 1Y) & i 5 245 B BUR 1) B3R S 4 AT
JilE it , AL RS B BRI S5 . CCUS I H (1) 300 75
T R N 58 AR OC A IR AR, B I ) W SRR
TG A KSR JE % . Ak, BURHREET T CCUS
TH e B E

H A, B2 O ST T 3Tk o B B ARG
e300 R T B A5 25 A s i i F-Be L I TE AR T
DA 285 TRl FE 30 A A% 00 14 T L 57 ) BE 22 Mk B TN
HCCUS = b Ry Pt A J o il an, 92 [ 3 2o Gl 6% g ik
RS ik 28 ) AR A7t 4 5 B A7 B S BOR $2 I B R
o, TR B AR AEHE SN AR OGS . R Qi = %17
B X CCUS M vE RLHEZE , B 1) PR 45 Of 4 1 73 AT RE R
PR AT BB WA 35 T CCUS Ay JE 28 J7 1, {1 B AT % 1 %)
CCUS Hi A B RRaRM: , 1 4n ] BEP K 31 A 3R 358 IKUS: A 3¢

AT VA a8 [ 8, 7 T fin LA A 32 R B Al AR [
B, 80 36 & R rh 2 e IR AR e O 2Ll CCUS 45
B2 AR e S R 58 3 R B e A R A R R
FEME =T, BAR HET CCUS &5 M ib AF 1 BRI 4+
W AEAERERIEE N CCUS P2k E 914 B4 75l fkia
B K.

3.2 AXINE

CCUS T H Al PR 558G 45 RN AR R4 52 5t ke i
0 H RE T I ) S HE R . A ARKT CCUS M AT AR
FERBAE LT LA 70

D) ARG B RE = . BT CCUSH AR M & 24
PE, A CCUS EEAR M T it 5 0 AN 2, A 56 % B 3
IO FH PR3 DA BT AR 0 B BE AL 2 g i AR . 33
N ARARHE 4 1T G2 VE AL ) RN S R S, BN %
BEARMGOANRFEEZEMK . T CCUSH A= K
(4 T S 0 A1 B AL S B AIE , 28 A6 LR 2 4
PERTRERF IR BESE

2) BB HEAMNH . ARATRESH CCUSHEAR
() AR 55 T P A AR VR AT LA DB HE B AR R AT LU L A
HEWHAE ., A, X T CCUS H AR M AL 25 Al
R G IR, 2 AT BEBL = JE 05 B9 LRI O

3) #E S MBUAMIEZE . CCUSEARMME AL
it AN TG B AR R 4237, I T LU ) A 4%
B2 0S4 . FERLEE LT, CCUS HAR n] R4 i ok
FI PR 2L Ak DX A sl Al ) 255 4 G 3 1) B %

J T SR AR, 7 A e E A L LR
A RAONT CCUS AR Y JEAS T it , 4 Ml FNBOR R $2 it
HERG B AR S, BB A AR ST . i s [ Y
ST CCUS T H 22 4], B3R A A He AR {50,
T B SRR RN 28 B SRR A G, B2 R CCUS R B 4 9%
W5l H1 . it IX 25 cCUS W H |, #4435 3 52 i fig
g kAt S APkt . Wit bR, ol LA R R
B AN CCUS $ AR AN TR 37 B, Ry H A RS
BRI St ) 15 A R A S A

3.3 KEZRE£HEF

CCUSERTG ZR LR BIAY CO, Z 2 EAF THUT
it PR DR L S5 A PR R S ) A, 5 3 R 1 58
Rtk WrRRTE SRR . 380, TR R EAE Y
CO, Azt B R, 5 28 5 i g R 2 S5 IR ) s
TR B DRI A T 152 WA, R 22 B AR T
BRI A EFIBET o [RIF B BRI A AN AT, 0
CO, B LRI .CO, & R n] B SR 5 1 45 , o KW %2



1176 £S5 KRR R

45 5

LEAFRAE TR REE . CCUS K 27 e —
AR IRIRR , 75 B MEOR (R 5F  BOR IR AR U5
ZANMELGEE G W AW R AT
JRAS IR ECR SR AN e RL AR, K2 BT
ST AT FIATSE

3.4 A

CCUS $2 AR [ 4 35 WA S 52 M) HoK W e 4 A7 1)
RN R, S CCUST H B, 75 2 ik 47 4 1 A9 $7
VN2 1B S L ST S RN NN S R SR 7
AHAF o [RIB, N A RO kA A o PR 2
3 FE SR 2008 4F H & 45Q 12248, 3 3958 6% g ik 4
il vk ZEsm Ak 17 45Q #h: g BE L AR 3G E Ay cCus I H
AR EAAA 2w O E Cco,MEMM S 17
(CCUS) FFEME (2021) ) Fiit, £ 2030 4F 1 [ 4>
TR CCUS T AR BA K310 ~ 770 5C/(CO,) , 3 2060 4F
W% A [ 22 140 ~ 410 6/ (CO,) o B H A AR 19 75
LR R, CCUSTH N ) A Bt — 24T, Hit,
FAAR A2 S I CCUS KM 22 e B I S

3.5 BATHEN

CCUS T H 7 S it i 72 v I 5 B R P AR KU
— BT H 7E R B R RE IS 2 FU B A5, 10, Gorgon
CCS T H S0 T 1A PG b 358 1 2 5 () R R AR
FEETH , HE IR A RIS E I8 TR AR L F M
FEMRAF Z RN I 5 FE . Gorgon T H ) CCS
I3 B AEN D RIR ST R AR A B v 7 A il 2 <A
HE o ARHEI AR, 566 Je 23 F] A 2014 4E 3] 2015 4F
TR, ) B 5 MR K 2 A I S CO,.
SR AE 2018 4, Y T UM IE A R G819 HOR 0] B,
Gorgon Tl [ [0] R BT 950x10° t CO,, 7E £ A
BRI AL R IR FIE CO, H: 22 6] (45 18 rh A7 e it
KRR T, SR R A T R AR i . D
T THU TR ESOE UHE TRIVE MRS, 1L,
T H AR E R4S Bon , 76 20204E7 H 1 H £ 20214E6 A
30 H 1249 H B, Gorgon CCS T H B it HEHF T2
226x10* t CO,, AL T H A 4F 400x10* t 1Y H A1 AE
Gorgon CCS Tl H J& —> HA HFL S Uiy 22k, &
BRI F A CCSHAR L RAN AR EES
SN

4 H5E

AT I T B A BR IR ), CCUS #k

Ry 2 4 Sl RIS AL R HE () S BRE FT AE L R R CCUS KA 1]
R AR AL G AT & A AR, i A T He s &
BRI , Ak R B AR SE BRI ) S04, Bk H
I CCUS 28 B M A7 AR B R 1 4 0, (R AE A BRYE [l Y
CCUS 7=k 412 H & Rl Ak iz 5 i HoR 2514, ccus
R XAl b & Ery % H 25 B, CCUSHIAR L&
N R — N E R e, W B A H B AR &0
R RIS S 2 07 T PR 2 3 A I B PR 2 56 201
i B bR A AE S5 3C , Inss B AR & FBTHT, HEdE i
SEFUFIFH ) 4R

CCS/CCUSHEAR BARFEIS [ nl AT, (HAE PR H H
PTG VF 2 5 AR A Gk, CCS/CCUS BRI LAk
IO FH A 78 A B, A 1 i A PR oA STk R T A2 A
X CCS/CCUS M H My L) 2O F 21, 45 I Pk
%, (H E PRAE IR & (IEA) S HLA58K Nl CCS/ICCUS $£
AREW DR ESEHR A EEFB 2 —5, fEepkek
OARBRE R 5 R, CCS/ICCUS B AR A il L RE VR
R ) H B VERE

CCUS i R4 & CO, T =77 H7 AR A s & i
15145 T 2R FNIG . TELEA 5 BT PH ik
A A AT AR E SRR R AN E AR Z Y
SUN N R S BRI NN INY R I s N T S P2k
HAEA RS = CO, T 1028 A FARCR | [ B2 2
W S CIESEE 510 a8

2 % x #t

(1] 2. sep S Bl A B AR M. Junt: P
iR, 2021: 9.
LI Yang. Progress in carbon neutralization, carbon capture,
utilization and storage technology [ M |. Beijing: China Petrochemical
Press, 2021: 9.

(2] ak¥t, Bmess, B4, % o E AR ER TS B 17
(CCUS) AR EEdR A (2023)[R]. dest: i 21 A2 R B h
L, 2023.
ZHANG Xian, YANG Xiaoliang, LU Xi, et al. China carbon
dioxide capture, utilization and storage annual report (2023)[R].
Beijing: The Administrative Center for China’s Agenda 21, 2023.

[3] 1IEA. CO, emission in 2022[R]. Paris: IEA, 2023.

[4] Global CCS Institute. Global status of CCS 2023[R]. Melbourne:
Global CCS Institute,, 2023.

[5] Fhigee, shiEd, 24y, . FIE CCUS ™k Ak & e A7
PrEas ()], AT, 2023, 43(12): 1-6, 10.
SUN Haiping, SUN Yangzhou, ZHOU Yanxi, et al. Analysis and
suggestions on development prospects of CCUS industrialization in
China[J]. Modern chemical industry, 2023, 43(12): 1-6, 10.

(6] M UL, BRéE, tA%t, 5. WEMB/RA IR EIKZE CO,H B 7
TEFE L SV [J/OL]. RPATIM BT S I %« 1-8[ R 245



5 4 1]

EOAE, A AR BRI BT A S ) B

1177

(8]

[13]

M) H 998k 2% 1. hitps://doi. org/10. 19597/J. ISSN. 1000-3754.
202308035.

XIAO Bei, CHEN Lei, YANG Huang, et al. Suitability and
potential evaluation of CO, geological storage in deep saline
aquifers of Junggar Basin [J/OL]. Petroleum Geology & Oilfield
Development in Daqing: 1-8[ P Z& 5[] H #HIHE 1. https://doi.
org/10. 19597/J. ISSN. 1000-3754. 202308035.

EAER, B U, 2200, 4. T X RS 3 R
COMAF AT BT I vk B JH [T ). i e, 2024, 31(3)
78-84.

WANG Xiangzeng, CHEN Xiaofan, LI Jian, et al. A calculation
method of CO, storage capacity in low permeability reservoirs
based on “four-zone” method and its application[J]. Special Oil &
Gas Reservoirs, 2024, 31(3): 78-84.

YR, R, ML, % N H CO, IR TRAR SR i 5T 17 0
JIRE RG] Wikl 2018, 25(1): 89-92.

LIANG Kaiqiang, WANG Hong, YANG Hong, et al. Preliminary
evaluation of CO,-EOR geological sequestration potential for
Yanchang Oilfield [J]. Fault-Block Oil and Gas Field, 2018, 25
(1): 89-92.

B, EBL BIER, . S UK )E AR A
DTl ARSI K, 2023, 50(2) : 424-430.

LI Yang, WANG Rui, ZHAO Qingmin, et al. A CO, storage
potential evaluation method for saline aquifers in a petroliferous
basin [J].
(2): 424-430.

GANJDANESH R, HOSSEINI S A. Geologic carbon storage

Petroleum Exploration and Development, 2023, 50

capacity estimation using enhanced analytical simulation tool
(EASiTool)[J]. Energy Procedia, 2017, 114: 4690-4696.
GANJDANESH R, HOSSEINI S A. Development of an analytical
simulation tool for storage capacity estimation of saline aquifers
[J]. International Journal of Greenhouse Gas Control, 2018, 74:
142-154.

MIDDLETON R S, CHEN Bailian, HARP D R, et al. Great
SCO,T! Rapid tool for carbon sequestration science, engineering,
and economics [J]. Applied Computing and Geosciences, 2020,
7: 100035.
LENG Jiangiao, BUMP A, HOSSEINI S A, et al. A
comprehensive review of efficient capacity estimation for large-
scale CO, geological storage [J]. Gas Science and Engineering,
2024, 126: 205339.

GORECKI C D, SORENSEN J A, BREMER J M, et al
Development of storage coefficients for determining the effective
CO, storage resource in deep saline formations [ C ]/SPE International
Conference on CO2 Capture, Storage, and Utilization, San Diego,
2009. Houston: Society of Petroleum Engineers, 2009: SPE-
126444-MS.

ZHENG Y, MCNEASE J, HUANG L B. Mapping small-scale
fractures for geological carbon storage site selection using elastic P
and S waves with double-beam neural network (DBNN) method
[C]//Anon. CCUS Conference 2024. [S.1. ]: [s.n. ], 2024: 10
TS B

YANG F, FRAILEY S, GRIGSBY N. CO, enhanced oil recovery

[22]

[26]

and storage potential in a tight and fractured greenfield residual oil
zone [CJ//Anon. CCUS Conference 2024. [S. 1. ]: [s. n. ],
2024 BURTEHEIERS .

BME, R, RIS, & PEAEZ CE IR TUE UM
TPk #E e R B[], A i 52 56 3 Bt 2023, 45(6) @ 1039~
1049.

CAI Xunyu, ZHOU Dehua, ZHAO Peirong, et al. Development
progress and outlook of deep and normal pressure shale gas of
SINOPEC [J]. Petroleum Geology and Experiment, 2023, 45
(6): 1039-1049.

B, X, B TER, AF . - R AR T IRZ A 52
BE ) BALRRAE LD ). i 5 RAR I, 2023, 44(5) : 1321-
1332.

ZHAO Shan, LIU Hua, YANG Xianzhang, et al. Evolutionary
characteristics of sealing capacity of deep salt caprocks under
temperature-pressure coupling[J]. Oil & Gas Geology, 2023, 44
(5): 1321-1332.

FRF, BARR, aTEA, & TUE A H S SUE RN
POWHLEEATTE T ], Al se s BT, 2023, 45(5): 821-831.
GUO Xusheng, HU Dongfeng, YU Lingjie, et al. Study on the
micro mechanism of shale self-sealing and shale gas preservation
[J]. Petroleum Geology and Experiment, 2023, 45(5): 821-831.
ALWAGDANI H, NADER F. Enhancing CO, storage complex
characterization in the Williston Basin: An integrated approach of
petrophysical evaluation and core analysis [ C]/Anon. CCUS
Conference 2024. [S.1. ]: [s.n. |, 2024 TURERIELL .
EWING T E, GALLOWAY W E. Chapter 16-Evolution of the
northern Gulf of Mexico Sedimentary Basin[ M ]//MIALL A D. The
Sedimentary Basins of the United States and Canada. The
Sedimentary Basins of the United States and Canada. 2nd ed.
Amsterdam: Elsevier, 2019: 627-694.

SARWAR G. On the origin of mini-basins in the Gulf of Mexico
[J]. Gulf Coast Association of Geological Societies Transactions,
2006, 56: 743.

FOOTE N, LOCHAN A, KOSTIC B. Characterization of a saline
aquifer unit as a prime candidate for CCS: Case study of the basal
Cambrian sandstone, Canada [C]/Anon. CCUS Conference 2024.
[S.11: [s.n. ], 2024 BORSE R .

ALMASGARI A A, ELSAADANY M, ABDUL LATIFF A H, et
al. Application of seismic attributes to delineate the geological
features of the Malay Basin[J]. Bulletin of the Geological Society
of Malaysia, 2020, 69: 97-110.

ABDOLHOSSEINI QOMI M J, MILLER Q R S, ZARE S, et al.
Molecular-scale mechanisms of CO, mineralization in nanoscale
interfacial water films [J]. Nature Reviews Chemistry, 2022, 6
(9): 598-613.

TANG H, TENG H, BU C. Chemostratigraphic analysis as a
powerful tool for real-time reservoir characterization of injection
wells: Enhancing data acquisition for EPA class I and class[C ]/
Anon. CCUS Conference 2024. [S. 1. ]: [s.n. |, 2024: T 5%
HERBERS D, HAUCK T, GORDON J. The effect of natural

fractures on the CO, injection and storage capacity in a tight



1178

EERIIESIPS

7

W

N

A B

45 5

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

sandstone reservoir, implication for the identification of new
geological storage zones, St. Lawrence platform, Quebec [C1//
Anon. CCUS Conference 2024. [S. 1. ]: [s. n. |, 2024 TUH53E
Pl B2k

MOOPEN S, SURYANARAYANA P V, JEPHSON J, et al.
Stochastic leakage estimates from a carbon storage reservoir using
NRAP-open-IAM [ C |//SPE/AAPG/SEG Carbon, Capture, Utilization,
and Storage Conference and Exhibition, Houston, 2024. Houston:
SPE, 2024: SPE-CCUS-2024-4014492.

MIDDLETON R S, YAW S P, HOOVER B A, et al. SimCCS:
An open-source tool for optimizing CO, capture, transport, and
storage infrastructure [J]. Environmental Modelling & Software,
2020, 124: 104560.

JEARIE, EBL, MR, %L RUKJZ CO, M BTE £ 7 22 51 73
BT BT EEL . B SRR, 2023, 30(2): 162-167.
ZHOU Yinbang, WANG Rui, ZHAO Shuxia, et al. Analysis and
comparison of typical cases of CO, geological storage in saline
aquifer[ ] ]. Petroleum Geology and Recovery Efficiency, 2023, 30
(2): 162-167.

JEERFS, 8L, BRALHE, 55 B/R KA In Salah il FH CO, T
BAERIE RN G R ], WERE S 5B, 2023, 45
(6): 1368-1379.
ZHOU Yinbang, WANG Rui, CHENG Chuanjie, et al.
Enlightenment of CO, geological storage demonstration project in
In Salah Oilfield, Algeria [Jl.
Environment, 2023, 45(6): 1368-1379.

TFHE, Sz, bk, 5. CO, M T EAE A A ) 2 ] B 5
BERE[J/OL]. 5 ARR &2 i G BRBRE /) < 1-15[ 28 5 10) H
B ], hitps://doi. org/10. 13278/j. enki. jjuese. 20230272.

YU Ziwang, LU Shuaiyi, BAI Lin, et al. Research progress on

Journal of Earth Sciences and

rock mechanics of CO, geological sequestration [J/OL]. Journal of
Jilin University (Earth Science Edition) : 1-15[ %55 [n] H 15k
4% 1. https://doi. org/10. 13278/. enki. jjuese. 20230272.

R, %, B, L 90K Si0, 5t 4k CO, M FUE A TUE
)2 E R ALK [T ], o E AR R (A R
fi), 2024, 48(2): 92-98.

LI Ying, LI Maomao, LI Haitao, et al. Experiment on nano-Si0,
enhancing sealing capacity of shale caprocks for CO,geological
storage [J]. Journal of China University of Petroleum (Edition of
Natural Science) , 2024, 48(2): 92-98.

e, UE, BUEA, 55 CO, M T I A7 I DG e f 22 4 1k
PN RERELT ] AR 5TT &, 2023, 13(3): 269-279.

LI Shilun, TANG Yong, DUAN Shengcai, et al. Progress in
source-sink matching and safety evaluation of CO, geological
sequestration[ J ]. Petroleum Reservoir Evaluation and Development,
2023, 13(3): 269-279.

ZHENG Fangning, JHA B, JAFARPOUR B. A deep learning-
based surrogate model for rapid assessment of geomechanical risks
in geologic CO, storage [ CJ//SPE/AAPG/SEG Carbon, Capture,
Utilization, and Storage Conference and Exhibition, Houston,
2024. Houston: SPE, 2024: SPE-CCUS-2024-4003166.

SAKAI' T, NAGAO M, CHAN C H, et al. CO, plume imaging

with accelerated deep learning-based data assimilation using

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

distributed pressure and temperature measurements at the Illinois
Basin-Decatur carbon sequestration project [ C]//SPE/AAPG/SEG
Carbon, Capture, Utilization, and Storage Conference and Exhibition ,
Houston, 2024. Houston: SPE, 2024: SPE-CCUS-2024-
4014874.

AL-MUDHAFAR W J, RAO D N, SRINIVASAN S, et al. Rapid
evaluation and optimization of carbon dioxide-enhanced oil
recovery using reduced-physics proxy models[J]. Energy Science
& Engineering, 2022, 10(10): 4112-4135.

BAHRAMI P, SAHARI MOGHADDAM F, JAMES L A. A
review of proxy modeling highlighting applications for reservoir
engineering[ ] |. Energies, 2022, 15(14): 5247.

YANG F, FRAILEY S, GRIGSBY N. CO, enhanced oil recovery
and storage potential in a tight and fractured greenfield residual oil
zone [ C]//Anon. CCUS Conference 2024. [S. 1.]: [s. n. ],
2024 TURDLFRBR .

Advanced Resources International. The U. S. CO, enhanced oil
recovery survey[R]. [S.L J: [s.n. 1, tHRRAEBEGRAG . DUASE R
Bk

SR, INVETE, BARNE, L SRR AR R S R
7l & T 3 K v I 4 PR S RS LY. A i 5 0T
&, 2023, 50(5): 1083-1096.

DOU Lirong, SUN Longde, LYU Weifeng, et al. Trend of global
carbon dioxide capture, utilization and storage industry and
challenges in China [J].
Exploration and Development, 2023, 50(5) : 1083-1096.
Gz, RN, EmeE, S OCT o R RS e IR T S
AR [T]. RIS RAR UL, 2024, 45(3): 593-599.
JIN Zhijun, ZHANG Chuan, WANG Xiaofeng, et al. A pathway

and countermeasures Petroleum

to China’ s energy transition in a carbon neutrality vision[J]. Oil &
Gas Geology, 2024, 45(3): 593-599.

JARRELL P M, FOX C E, STEIN M H, et al. Practical aspects
of CO, flooding [M]. Richardson: Society of Petroleum Engineers,
2002.

KAKATI A, KUMAR G, SANGWAI J S. Oil recovery efficiency
and mechanism of low salinity-enhanced oil recovery for light
crude oil with a low acid number[J]. ACS Omega, 2020, 5(3):
1506-1518.

MA Shijia, JAMES L A. Literature review of hybrid CO, low
salinity ~water-alternating-gas
hysteresis effect[J]. Energies, 2022, 15(21): 7891.
CHATURVEDI K R, RAVILLA D, KELEEM W, et al. Impact of

injection and investigation on

low salinity water injection on CO, storage and oil recovery for
improved CO, utilization [J]. Chemical Engineering Science,
2021, 229: 116127.

MORGAN A, AMPOMAH W, CZARNOTA R, et al
Experimental study of brine compatibility on water-alternating-CO,
injection in low-permeability Morrowan sandstone reservoir [ C 1/
SPE/AAPG/SEG Carbon, Capture, Utilization, and Storage Conference
and Exhibition, Houston, 2024. Houston: SPE, 2024:. SPE-
CCUS-2024-4015008.

LAWAL T, WANG Hao, MIRZAEI-PAIAMAN A,

Aqueous nanobubble dispersion of CO, for enhanced oil recovery-

et al.



5 4 1]

EOAE, A AR BRI BT A S ) B

1179

[50]

[54]

coreflooding and huff-n-puff experiments [ C ]//SPE Improved Oil
Recovery Conference, Tulsa, 2024. Houston: Society of Petroleum
Engineers, 2024: SPE-218179-MS.

WA, AL, RBAE, 55 RS R R K OV AL BE BT 5T
[J/OL]. PHRE A2 CA A2 R0 « 1-12[ 455 1A) H
e 2 . http://kns. enki. net/kems/detail/51. 1718. te. 20240325.
1037. 012. html.

SHANG Zhenhao, WU Jiazhong, XIONG Wei, et al. Micro
mechanism of oil displacement by water gas dispersion system [ J/OL].
Journal of Southwest Petroleum University (Science & Technology
Edition) : 1-12[ M #&j51a] H 152 . http://kns. enki. net/kems/
detail/51. 1718. te. 20240325. 1037. 012. html.

WANG Hao, CARRASCO-JAIM O A, OKUNO R, et al
Aqueous nanobubble dispersion of CO, in sodium formate solution
for enhanced CO, mineralization using basaltic rocks [ C]/SPE/
AAPG/SEG Carbon, Capture, Utilization, and Storage Conference
and Exhibition, Houston, 2024. Houston: SPE, 2024: SPE-
CCUS-2024-4016392.

MCCLAIN J B, BETTS D E, CANELAS D A,

Characterization of polymers and amphiphiles in supercritical CO,

et al.

using small angle neutron scattering and viscometry [ C]//Anon.
Spring Meeting of the ACS, Division of Polymer Material, New
Orleans La: Science and Engineering. [S.L7: [s.n. ], HRRAE
JEBR : 234-235.

ENICK R M, BECKMAN E J, HAMILTON A. Novel CO,-
thickeners for improved mobility control: DOE/BC/15108-6[R J.
Tulsa: National Petroleum Technology Office, 2002.

BARADIE B, SHOICHET M S, SHEN Zhihao, et al. Synthesis
and solubility of linear poly (tetrafluoroethylene-co-vinyl acetate)
in dense CO,: Experimental and molecular modeling results [J].
Macromolecules, 2004, 37(20): 7799-7807.

KAR T, FIROOZABADI A. Effective viscosification of supercritical
carbon dioxide by oligomers of 1-decene[J]. iScience, 2022, 25
(5): 104266.

ALCORN Z P, GRAUE A, KARAKAS M. CO2 foam pilot in a
heterogeneous carbonate reservoir: Analysis and results [ C ]//SPE
Improved Oil Recovery Conference, Virtual, 2022. Houston:
SPE, 2022: SPE-209359-MS.

TRIPATHI R, ALCORN Z P, GRAUE A, et al. Combination of
non-ionic and cationic surfactants in generating stable CO, foam
for enhanced oil recovery and carbon storage[ J]. Advances in Geo-
Energy Research, 2024, 13(1): 42-55.

KARACAN C O, BRENNAN S T, BUURSINK M L, et al. A
residual oil zone (ROZ) assessment methodology with application
to the central basin platform (Permian Basin, USA) for enhanced
oil recovery (EOR) and long-term geologic CO, storage [J].
Geoenergy Science and Engineering, 2023, 230: 212275.
GAUTAM S, DINDORUK B, BEHM E, et al. Case study of gas

injection and EOR potential in unconventional marginal Permian

horizontal wells [ C]/SPE/AAPG/SEG Unconventional Resources
Technology Conference, Denver, 2023. Houston: SPE, 2023:
URTEC-3860876-MS.

IINO A, ONISHI T, DATTA-GUPTA A. Optimizing CO,- and
field-gas-injection EOR in unconventional reservoirs using the fast-
marching method [J]. SPE Reservoir Evaluation & Engineering,
2020, 23(1): 261-281.

TOmAR, B, ZEIRE, 4. BORINE CO, At SR R AE TR
SHEE L) ] BT, 2024, 45(2): 181-188.
DING Shuaiwei, ZHANG Meng, LI Yuanduo, et al. Sensitivity
analysis of injection-production parameters for CO, huff-n-puff
flooding and storage in tight oil reservoirs: A case from typical
tight reservoirs of Chang 7 member, Ordos Basin [J].
Petroleum Geology, 2024, 45(2): 181-188.

2, MROMERE , RGO, AR ORI B A S TUA AR LA
FAPLHILI/OL]. A7l 5 RARAHRT . 1-15[ 28 sl H Bk .
http://kns. cnki. net/kems/detail/11. 4820. te. 20240704. 1630.
002. html.

LI Yibo, CHEN Yaowang, ZHAO Jinzhou, et al. Interaction

Xinjiang

mechanism between supercritical carbon dioxide and shale [ J/OL].
0il & Gas Geology: 1-15[ FZ&1ji[a] HIHELJE |, http://kns. enki.
net/kcms/detail/11. 4820. te. 20240704. 1630. 002. html.

TR, sREE, BRITE, . RIS kIR RAR
KRR TEHE R L] i 5 KRR B, 2024, 45(2)
553-564.

BAI Mingxing, ZHANG Zhichao, CHEN Qiaozhen, et al.
Advances in research on CO, replacement for natural gas hydrate
exploitation[ ] ]. Oil & Gas Geology, 2024, 45(2): 553-564.
BRIV, T, WA, L RBBOE UGBTI L Co, i
HLELLT]. A SRR SHBT, 2017, 38(3): 610-616.

SHI Yunqing, JIA Ying, PAN Weiyi, et al. Mechanism of
supercritical CO, flooding in low-permeability tight gas reservoirs
[J]. Oil and Gas Geology, 2017, 38(3): 610-616.

M, Ry, skBE, . o E A AR R T S B
(CCUS) AFEEAR A (2021)—— B CCUS B ARBITE[R ). bt
AT BRI S AL BE L 2021.

CAI Bofeng, LI Qi, ZHANG Xian, et al. China carbon dioxide
capture, utilization and storage (CCUS) annual report (2021) :
China CCUS path study [R]. Beijing: Chinese Academy of
Environmental Planning, 2021.

Fb N, i, AR, A AR RS AL
et R Ko st R L) AR 5T &, 2022, 49(4)
828-834.

YUAN Shiyi, MA Desheng, LI Junshi, et al. Progress and
prospects of carbon dioxide capture, EOR-utilization and storage
industrialization [J]. Petroleum Exploration and Development,
2022, 49(4): 828-834.

(¥ REHR)



