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Abstract: [Objective] CO, injection and geologic sequestration in deep saline aquifers as underground spatial resources
represents an important means of achieving the targets of greenhouse gas emission reduction and carbon neutrality. Cur-
rent assessments of the siting and potential for geologic CO, sequestration in saline aquifers focus primarily on the mac-

roscopic basin and regional scales, with the assessment indicator system scarcely accounting for the suitability of low-
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porosity and low-permeability strata. [Methods] Using data from 192 wells in the Yusheng area, Ordos Basin, this study
conducted the division and correlation of intervals bearing no hydrocarbon, carried out lithologic and physical interpreta-
tions of these intervals, and identified aquifer reservoirs. Then, this study investigated dominant aquifer reservoirs, in-
cluding stratigraphic characteristics, sealing performance of cap rocks, sequestration potential, and surface environment.
Accordingly, this study developed and quantified assessment indicators for the siting of geologic CO, sequestration in
saline aquifers that account for the developmental characteristics of low-porosity, low-permeability reservoirs. [Results
and Conclusions] The proposed assessment indicator system consists of three first-level indicators, namely geologic se-
questration, sequestration capacity, and socio-environmental conditions. These indicators, consisting of second-level in-
dicators, are used to characterize the injectivity, sequestration capacity, and surface feasibility, respectively of saline
aquifers. The second-level indicators of the geologic sequestration conditions include reservoir lithology, reservoir thick-
ness, porosity, and permeability; those of the sequestration capacity conditions encompass the sealing performance of
cap rocks, burial depth, sequestration potential, and faults, and those of the socio-environmental conditions comprise the
current status of underground resource development, land use conditions, collapse and disaster areas, source-sink match-
ing, and public acceptance. The assessment system for the target area- and site-scale siting of CCS projects, established
based on the current low-porosity and low-permeability sandstone reservoirs in the Ordos Basin, will provide a basis and

guide for the implementation of the industrial projects of geologic CO, sequestration in saline aquifers.

Keywords: CCUS; geologic CO, sequestration in saline aquifers; site selection criteria; low-porosity and low-permeabil-

%53 %

ity; quantitative evaluation

RSB A . RIS AR (CCUS/ICCS) H AR BN
RIS I CO, WlHE B AR —FPiEFE Y, B 2 R T
B R %M CCUS/CCS 77 A il HE B 19 4% 0
S S S BAT R LK R Ml B A T S e R R Bl
£ CO, VA1 18R 3h T3 J& KA CO, Hb i 377, X 2
CCS 1 H e HARP . BB BEFR Y CO, 8k )2 Hi
JREAFI0H AT A5 A NIRRT B B, Bt 7 e bk
S IV AR 2N | &t IR R A e, Bz
LAY CCS B Jo CCS MRHERUZ 2%, ez an 3k
45Q BEISCHE S A GEL B I K 1 28 ) A5 TR B, G
i 2925 3% KRB CCS 3 H (520t Fis 1T

CCS T-FEALI H St Y B 24T 55 RV Xk ik, Y
Tl CO, T A7 Lk PPAN 22 2 ARl B A b 5T 2% 1 . 3t
FEAS T WA RN . SUF TS EE R
FERCE AT IRAE TR 19, TER bR 2253 — A hn i —
&

Br I S. Bachu(2000, 2003)M>) & %if %3; h 4% 3% hi-
P AR | BRI SR R 3 A — SRR Bk
. T 13 205 bR; C. M. Oldenburg!®(2008) %
FHRBE AT KRR AR RRE ) 3 2
Febnde B PAIE . RS 9 A gidEbn, B T —EH
TES MO 8 S HEFFHESE; S. Grataloup Z5171(2009) 75 25
PRI AT T A AU L SRR RIFE S 280 4 A—2R
b BB 1 BAEREE 11 A 9048 45; T. D. Ro-
dosta 25201 1) H&TF 35 [ AE Y5 56 T2 1T by v v
CO, BAFMBERE . Hetk FIRIAL-FAE, $5 1 DX I b oS |
DI B | A2 3 A — R bR, A TEARZ
TEEESE 10 > 2% 4545; R. S. Middleton Z5°%(2020) 7

SET AR RIT IR Sim CCS 2.0 %] 4% F1 SCO,T #5447
& CO, i 46 . % . BAFLAE AT ] 775 T. W. Kim
2E(2022) 38 1 BEHS BAE SRR (9 S AR brR) b L
TR A AR ) MR (S S AR R )T 3
A—G AR bR, X E AR 1 516 I EBF
PEAT T 0k, SAHE T 61 ANAE b ST 2T HEF
Leng Jiangiao %£1'*(2024) 2755 T HAL G S H A CCS
Z A TS HERA 1 S A A ARTA AR, P IE M CCS
B

N A EARZN2011) 2% S. Bachu®'(2003) 451
UK IZE CO, HUBEAHE B PR, WIS T
CO, MR EF L AP MR bk & B BT 251 2022)
K53 T AT AT VRPN (9 38 ARG (B & 8 > 4B bn ) Fl
T o [ i i s N S S B TIME R e 3| - o K =K AN G )
B 16 NIRRT TR, T281%°)(2022) 1
SRR ARIAE 7 M b SRR IE S B0 -, %153 T #L
BVE TEAE, GatE | 2Pt 4 S—dE s, LLKIE
PHRURE  fif 2RSS 9 AN —9abhm; AR Sca!1(2023)
ZEIR T CO, BT 22 R = 4 b 5t 45 #4 R AE FBE Sk,
FF T X, Z g AR X AR IX 9% . A
VETEGL S AN, LA B2 R 8K 2
X3 PR, BB T 27 25 TR LSS AR | 44
FEAF I FEARTEARAN 12 FAE S LT FATE AR, B L
TR AR PRA R

SR, ] PN A — G AR B 1 2 1 D U 25 5, A
() SR ARG —, — A bR A TR T H o 1
() — R AR, B, AN — 8 bn A e de o 2
VUPRE 25 77 A R[] e e ik 235 5



% 3 3

2% KIAMBRAE CO, HFBUITFNIER — R L B a4 6l - 101 -

DA b SCHR VR i Hh 00 e Bk 16 05 2 B0 1 S 4G
AR, KEZRETESNS LS . Pl B SR
CCS Tl H L7 Hb Hb J5 R AF B.45 1), 4n 48 B Sleipner CCS
T H Y % 2 LR N 35%~40%", i1 £ K Aquistore
CCS Tl H 12 FLER A 11%~17%"""), %K Quest
CCS i 1 %) 2 FLEREE N 8%~24%", 78 1 FE Ak b 42
Y CO, B JZ M B B M PR FR AR IR 7200 1E
SRR Z2 307 4 SFARFLAR S 12 B O . SRR 2
Wi Z o KB B AR 2 LIRS | IRFLRHI R 66
J2, 33 4 b J22 G i L SR IR A Tl AN AR A AR A
W RIRE L Sk A H 224 hEHE CO, 5k 1F. AN,
HRZH AR E AR5 =8 RP =B
J2, W G R R RN O PR A U A = g, R £
M B HE B, PRI, SRR 22 2 LA 3504 1Y) CCS
SRE NS MNP SN

EH ST IR 2 W A A X 192 1 SEBRig I
DGR, S XHRFLAR IS 42 2 22 M BRRAE | A3 AR AL |
A7 R PR AR R, B S8 AnaT A F 2 A 0 BERT R
CO, JFK 2 Tt fr vk bk S A5 bt ZR T, R T M
BHESA . BAFRE T S AL SIS 3 A2 Ak
HEFEAR BRI X o Ao, e T —&
TR )2 CO, Bk 2 s B A7 ik PPN 45
PR FR

PRI 22/
(ws'm’™)

. (1)00 200 300 40060 120180-100—500 50

1 REESEREKEIRZ

IR Z WA o e i AR AR A, &5
TMFFATORRAR ZR | Vi 3k U AR O RRUAA 2R LA R Bt AR AR
PR R IEEAEPY L T 2B I N ERTIEHZ, B
FAMRIRA . ook 077 KRR SRR, A VF
ZARBGIR I HL)Z, WE H KRk B 8K
2, XK Z BN ATE N CO, MR B 837 T .
OB S M)A RS S, A RORE A B
il R 22 il <2 RS AR BN A 1o BB R U R T
A& FHRIRAED), BeZ XHmAZE 2 L AR IR )2 0 i
B, BRI, SRS TERUK 2 & B 2B HIR . fLis Y. 35
J2 R SRR, T, EF R A HE
WA RSP IR 22 0 2 b pe b X 192 Tk, 4 xef
RS2 BT R T )2 /N2 5r S5 X L Je & it
A FLBREE NG 335 3 R A5 S A, X RS b e
Fi & m/NT 40%. FLBREE R T 5%, BZEERT 2 m
(2B, bR M E UK 2 (& 1e PR 2B,

SRR Z WA E fESETT R T CCUS i fE iiig i
FAWFSE, J8K 2 B30 H G = sh A5 Ak T PR
A 2011 AFE A CCS /Ryt H, HoiE CO, JZ2 B R
TR E G PG RURGA | A &AL A TR
NI FRNG I H S 6 B AH)ZP . it —H4
WRES 1 J2 B 3E S B CO,, ZEH TR TIEA CO, 2

LR
- 1.2
23
=] #seix 1.4
[o] st

(a) BTFC X R Aor 1
PR 2 AR EAREAL YRR i
(us'm™) API mV % o
200 300400 60 120-100—-500 0 50 100 0 5 10
T T T{T T T

ES RN

22

FLBRE/
%

TR /km
%

1360

1400 R
1440 F g

£ /m

R

¥

2.4

H AR/ E AR AT/ mV BIER/ PeRE R/ % FLBRIE/%
API (107 pm?)
0 1 2 0 50 100 0 5 10
T T T - T T T
-r-—=-=-= B
C—  KkiI0,
10,
K10,
= N 3
R e i)
[ I o | e
— 43
B Rl g7
Fl
R — [ L Y
[ ———
X%
Mgl
ol = |7
N - I T2
I Y {3
P - = o - pem— fF,4,
= 1 = Ts
- - - - |- =~ _ 1 __ |-

2.6
(c) MFHAFREAT T ROK 2 Bobr e 45 28

(b) ST o 2 2 et 2

B BIFSEIX AL P R R K 2= A et R

Fig.l Tectonic location map of the study area and log interpretation results of saline aquifers from typical wells in the area



- 102 - MRS

%53 %

HTEEHEAFSY, & 7F IR A X AR

5 X AT X P, IR AR 20 2019) ARt AR <
Ll PG 20 A7 Db A S ALBREE — Ml 3.5%~8.0%, V-4
6.0%, 15 % K — i 4(0.5~7.0) x10° pum?, F-3 K4 3.0 x
107 um?, 3K 242024) Z0 8k A ST K L K AR
EORALBREE FARA T 4.0%~10.0%, SEHIFLEREE K 8.4%,
BB R AR T(0.1~0.7) x107° pum?, 2498 5 %K h
0.33 x107° um®, 3K /NHTZ5EN2023) R B 10 BefLBR
& EE T 8%~10%, T 5 BEFLBRE E2/0 T 6%~
12%. FHICAT UL, BF5T X PN b 2 LB B 2%/, BT [
Ak CCS/CCUS i H h—m fLB ik 21 H 1Y CO, Bk Z
Hb B AE R PP AN 48 BRI EASTE F FARALARE | KALAF
B HLZ, UL, 28 XTI IX P SE i H- A R 5 2R
PR R Z W A ARSI B H)Z BUIR R 1Y CO, Bk 2
oA PP AR, FF A PR L PP e bR

2 kSRR

CO, JFIK )2 b 5T 3 A A i AU i ot e, Hok
HEFF AR T I ASGE “64 . 55, B, 3s . IR IR,
JEEAE “Hb T 245G MR LR AR B . CO, HhiiE
FEI H H 5 O 3 AN AR R, — R AMERIE AR,
RPREAS 6 AT FA T A DLUR SR A COy — 02
AN A, BRI H A i R R AT R 1 25 )
TYFTEAN CO,, ¥ CO, A A B 78 T BT R R
B =Rt SR TR A R ZE, R E A
CO, J& B 21t At S IR . XX 3 AN, B4
P HH O AR AR BARERR ) SRR A SR A 3
4% CO, JiK 2 1l ot 5 A7 g e 1k S 00, T 1 Sl — S0
Wroahs.

2.1 MURHEFEEHE

T B4 CO, Hb i B 7718 1 AR JBUK 12 B, 91
Ao ik )2 BE AT CO, T AR etk . 2
WIEHIZETE 2R | FLBRE | B8 R E T G0E M
b5
211 HEEEKE

CO, Jil 7K 2 b 57 47 1) 37 BT — e Ry 18 )8 25 i PR
A, WAL Sleipner CCS Tl H | il K Aquistore CCS
T H . WK CO2CRC Otway CCS i H 25 By : 472
P38 R LA, I K Weyburn CCUS i H I & 7E
BRERER A B CO, P SRR M S R o AR ok
B AR s VA B B VA B R B . VR | PR ER A
el A R A TR VG R 3 i o BB e A i ) L T
Bitisg HAR S, rf AR DL ED S sl A Lz sh 4 il
B AT | B M S A )2 o 200 IR oy 2 L 2
W, HAE B R DFE AR A KRR, % &

2| CCS Tt H By LA ek 5 5 B A ih 28, 7R
IRZ W 5 T J CO, Bk J2 1 Bt B A7), AR S ik
L AR R AE BRI R R A BURUK )
212 tEERE

SRR 22 3 f A e e X AR R A B R £
KRN, B A SR ATRER B KR
EHZ, AT LA T MHE KO A T, XK
4. FIMTAUL, AP RE R AL, Horp, SER K 10 %
6 AR T LA B A T LIS S AR A & R, A i
TR Jmy iR AFFERD A, MR IWHIEAR KT, ANTE hH
FEAEIAR DA AP Z T AR I i B 4 R Bk
JERP AR TR AT U, AR S XA 2 322 A T4
T 5 BAIE K 2K 10, B

HEABFFE AP 2058 B T E7F CO, BIEUK 2R R
FETE KT 80 m!"7 5k 200 m", BRIR L2 17 S i A ol 1t X
Hb R 25 2 M 2 R AR, TR A3 2R
280 m, Ho T 5 B34 2R EE R 57 m, 30K )Z
FIHEE R 17 m; K 10 BOF)RE R 275 m, Hf K
10, 37 Bt F- 2 B B 104 m, “E3 EUK)ZE B EE
36m. HARX KZ Wibiss 02 H)ZE % AT 100 m,
PRI, AR FH AR b2 R FE AR AR sl A 1 JOK 2 R B,
AR R B EEALET 5 FK 10, WE A E B WA
], kAR — G — R h R An AR bR . DM L
REM A FFOK)Z RIHEE S B2 EM LG, T 5 B
FH 10, W2 By BRI RUK 2 IS B 5 H R Z R L il
i34k 0.04~0.60, KL, K- LLAE R CO, K 2
Ho A PR R R —

RIEE 2a T 5 BEFIK 10, 7 BORbHb AR 43
TGO, ADERbH /N T 0.3 BIRUK 2 AN AN E B2
B, Wb Hh L 0.3~0.4 1Y JRK Z A R A0 B2 B, b Hh
KT 0.4 BEKZ A R E T2 B .

A K B2 R WA AE S CO, Hh Tt B A7k dik
) — A TR bR, X T2 R ERT 2 m B BT
AMEAF TRRBOKZ, K& RH | R RRIRE i
il 2b FoR, T 5 BeAFDEOK)Z 2R (761 EAF
K JE ) AR G R 2~18 m, K 10, W.BA F) EK 2 8
JRIEEE(1 384 EAFIRUKZE ) ATTEE N 2~20 m, 4R
2b HhF 5 BORIK 10, W BLEUK 2 HUZ R AR5
AR, PR Z B R /INT 2 m Y EOKZ I AN S
HZE, BREEANT 2~6 m Z A EUK Z NN 5
R B RIEE R T 6 m A EUKE AN AR &
HIZE
2.1.3 IUME

CO, Jl 7K 22 b 5 B 77 J2 FLBBE 1) /N 5 i 512
PRt A7 08 L R A, SHIRFLIR B 8K 2 A CO,



%3 2% WIS RAE CO, # 7 H AT IR R —— LS /R £ 7 43 17 - 103 -
40 ) 40
35 Ts & ¥ 10, W E
32 32
30 30
24
=20 y =20
13 14
10 ; ; 10
5 5
1
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
vl 7
bt () BHELL bt
300 500
T 5 B 454 K- 10, MR
400
300
[y
200
100
9
2418]21] 10 6 3,12,01,

0 2 4 6 8
A2 /m

10 12 14 16 18 20

0 2 4 6 8 10 12 14 16 18 20
LR /m

(b) HJZEE

B2 WX T 5 BRI 10, 3B FoK 20 H IR 50415 BT 1R

Fig.2 Histograms showing the net-to-gross ratio and single-layer thickness of favorable saline aquifers in the in the Sth member of the

Shigianfeng Formation (Qian 5 Member) and the 3rd sub-member of the 10th member of the Yanchang Formation

(Chang 105 Sub-member) in the study area

LB T BRAEZE T A SEARFLIB IECR FH CO, SRk
SRR BORE G SE B B B2 iE . BRI 45R7(2024)
X R IR 22 17 23 b 22 SE 3 AL T3l XA K 41K 6 B
TR D& B O TP T CO, BRER LI J KB AR
P, FAE S A FLBR G R 6.09%~8.76%, AT ULAL
BB R 6% Zodn AT UK 254k, 7E CO, SR A A i3
R R ] Gassmann 4R 0 BRIS 1 T IR e st
FLBRIE/INT 3% HFLIR S o] dfE L gl e e
MIFEFLBREE T3 2R ] Wyllie B[]S 35 5 2.
At = (1 —@)Aty, + pAt; (1)
Wyllie 22 =AY RS A58 BA A XS B 50 099 B
PR A AN, 18 T SRR 4 B i 4 25, xF i
RS, T B A TR R e
_ At—At,, 1 Aty — At
T A=Aty Cy " Afg— Aty
W DX A 1 02 BEAL IR BE ) it g Hh 8 T o 5 A
1E 1 Wyllie B [E] 53 77 B HAL, AHE S B LA 14 T
SIZBALBREE 5255 0 S0 Z5 5T Lo i, DL A
KIZEET 5 BERNK: 104 37 BE R FLBR AT B 43 A
Bl 3 s, T 5 B FldoK 2 FL IR BE 73 A Y5 LA 0~
14.8%, “F-IFLBREE Ry 8.3%; 1 10, W B A Al K Z 1L
BRUEE S A VL LR 0~12.8%, LI J 8.5%. R4

2 2

T 5 BRI 10, WBBK 2 FLBR B A3 73 A L, AT
LB /NT 5% MK Z N R AGE BB, LB
T 5%~8% Z IR 2N R & e iE B B, FLBRE
KF 8% MBUKIZIA R R AR # & B2 B
214 HibE

HEA CO, FEH)Z T YRR T2 2 M T A Al
X BE R, BB R T 62 1B TR L& CO,
BR Y HOCREY BB R G ELBRIE 22 A7 AE KA
SR, T T g &4

BT X R AZ A0 INRE 8 R S5 LR
A IFEEOE ZR T AR T2 BB B R, (R
KIZBT 5 BEAIK 10, 7 BE 3B 5 FAFR B 0 AR
Kl 3b i, T 5 BoA FldOK 283 R A a oy 0~
8.324 x107 um’, & 10, WBEA FRK 218 18 R0 A6 18
Fil A 0~12.349 x107° um®, ARYET 5 BEATK 10, W B
IK B8 R IR AT A DL, AT 85 RN T 0.25 x
107 um® BJEKZ NN B ARE HZ B, BBRN T
(0.25~1.5) x107° pum® f K2 A N e 303 B2 B, B
BARKT 1.5 x107° pm® B RK 2N 2 e & e
=B
22 HETFENEH

58 T e K 2 B e 75 1A% 5t AT v A A i



- 104 - B E R 5 # %53 %
120 116 300 ¢
Ts5& K10, 7 B
100
80
ﬁ 60 L
R 47
40t
27
20 t16
6
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0 0.02 0.04 006 0.08 0.10 0.12 0.14
FLBR y LB
- (a) LI -
400 381 : 400 ¢
] TSk K 10, W B
327
300 | 300t [ pps1
& I = | 201
= 200 = 200 L6
120
100 60 100 2 77
48 55
38 191515 93
o 116 8 3 54 42 00 19131214¢ 12 g

0.5 1.0 1.5 2.0 25 30 35 4.0
BB %/107 pm?

0.5 1.0 15 20 25 30 35 4.0
BEZH/107 pm?

(b) BIEHR

K3 BEFEXT 5 BOAIK 10, SEEBATFI UK IR ALBREEFIE 2 504 E7 14

Fig.3 Histograms showing the porosity and permeability distribution of favorable saline aquifers in the Qian 5 Member and

the Chang 10, Sub-member in the study area
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Member and the Chang 10, Sub-member in the study area
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Table 1 Assessment results of the potential for geologic CO, sequestration of favorable saline aquifers in the Chang 10, Sub-member

and Qian 5 Member in the study area
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Fig.5 Contour maps showing the burial depths of the shallowest layers bearing natural gas and the bottom of the

Qian 5 Member in the study area
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Table 2 Assessment indicator system for the suitability of geologic CO, sequestration sites in low-porosity, low-permeability saline
aquifers in the Ordos Basin
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Febw, BTEUE— A0 e T e K 2 BOR A HLa B M K
G HERE J1, X I 5 2 B P PR L HEUR L B L Wi
4 YN R bR, BRI A B 2B EL R A i
FERISF 4R IR S Y KT 0.7, 35 2 580 R ) A 4%
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(4) +E SIS CCS T H Bk P 1 — 2%
bR, BTESS & i IR0 BoAt 2 R, 18 B T R
CCS 3 H AIAT PR 73, %I 3F GEIRTT A B | 4l
AFHBUR | B8 B B 3 X PRI DL, A ARGESZHE 5 4
TG R, AR L L ST T BT
KK AW B AL MR EIX ARIER
JFER ) XA CCS T H R

(5) AW L 1 IE H TRFLIKZ i = CO, K )Z
Mo AP RERE PR R BRI R, D9 SRR 2 B AR AL
B R SRR X G g CCS T H ek 2 At e ik
5 AU, A A T BHE R T, B 2 Al A
PUA I EE g CO, Rk 2= 1l T 3 A7 050 H 5
Jiti B TARRALHE) o

A PR TEAR, km®, AT 4G 2E M R oK J2 50 A
T IE B E ; E A B R AL, S5 IR SR S AR
it JZ TR LB SEPRIE AR IR BRI ] SEhR
o FHAL IR 5 LIRS A L B 26 5 R B R Hb)Z R
B AU E 2.4%; H A FSOK)Z A U2, m,
A RIS XA DU T B A R AR I Ay P IR e 22,
us/m; At FITAL 53 1A 25 A7 B 2R 0L BI04 11 75 35 Fsf
2l C, o R SE AL IE R B Vi Ml At 53 1) A 8 ot &5
(%) NI 75 D% B 2 (ns/m); Mo, i CO, TE TR
JBUKZ T A REREEE R, 10° 6 o WEUK)Z A A BIAL
BEE, %, W] E DU I R AR I poo,, M TEHLJZE 551 T 1Y
CO, M, kg/m’,
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