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Abstract: For the exploitation of low-permeability oil shale deposits, supercritical carbon dioxide (SC-CO;) fractu-
ring technology avoids the formation damage, possible induced earthquakes and environmental pollution caused by
hydraulic fracturing effectively and becomes a hot waterless fracturing technology because of its advantages of reduc-
ing initiation pressure, communicating micro cracks and developing complex fracture network. This paper introduced
in detail the technical characteristics and the experimental and mathematical model studies of SC — CO, fracturing in
recent years. From the view of experimental studies about crack propagation mechanism, experimental studies about
lithologic change with the interaction of SC -~ CO;, the development of SC — CO; fracturing fluid and mathematical
model studies about the flowing rules of sand carrying SC - CO, , temperature of wellbore, crack initiation and prop-
agation mechanism, the research progress and deficiency of SC —CO, fracturing technology were discussed and sug-
gestions were put forward about the design of tackifier, effective evaluation of fracture and enhancement of oil shale
reservoir heat transfer and seepage capacity caused by packed fracture, providing a reference for its development.

Key words: fracturing technology; supercritical carbon dioxide; waterless fracturing; oil shale

Oct. 2018:21—26

0 318 VU T T S Bk LR 20 476. 44 4L
RRIEFI G ERAFER TR SRR E Y E R B R ARS B S SRR B AR

AL BT IR CJC L W AT RETR SR A oK . i
XHREIESEHL K2 0E B A7 B H R BT h T
fitt i A0 RO BRI,
e — P S AT BILBT Y R A LR A ER
U SRV TAE B B F I 1000 mo PN 431

i HHE:.2018—07—31

R0 A TR L T LA Y R A T R R R R 2
AN Sy ] 35 5 9 A7) 3 ) 3

H 1947 4F LAk K I R H AR 12 i T il <
F T 2R 38 7= v AR H R G 3R HE I AN RS DA B R
IR R S T R R R R R 6 2 5 K

ELTB R A KRR 4 1w 100 H 5 AR K S R R R KRS K & Wk 2 i i R S LB 957 (5 . 41672361) 5 4 A 2L g o
H 35 B8 U8 % 350 3 0T J A e Ak TR M OGS R BF 52 7 (4 5 - SXGISF2017 — 5) s B RHE T I H (4 %5 : 20160204011SF)
EBB A R B DUE . 1965 4F 4, #0821 /B S0 NG5 £ TR AR L TR BT 6 T 5 3 HUB I 98 & Sk TR, e

KENTR K 938 5, chenchen@jlu.edu.cn,

BAEEE KRB L0, BUIR 1994 4824 B L BF 5T AR 7R 8, 5% TR %l 91 5 T 1o A =l AL Jbn B8 DT 2 AR L 35 PR A8 1 A6 Tl 1 R 2 K 938

5, zhuyingl16 @mails.jlu.edu.cn,



22 By TR CE B8 TR

2018 4 10 H

) B 9 ) L R 46 Ml IX 28 ] 2 3R, K ) e it
TAFTE TS K0 A Hb 72 1Y £ 3 TR — 4 R B A
b DAL e 1l 52 IR G IR AFAE 32 7K 3 R 224 TT R il <%
SO A3 G, B K BT R A B A i 5 R A Ry B 2R
(A KX B 2013 4E VISR IZ 4 Duvernay i [X
249 300 HHATT &5 51 A B0 IR A= 1 4 B
R R T KRR ESHEMERNWEKR, H
HI L FE2H 2y 35 [F 20 5 b X AR Tz AR .

BT 2 B0 BRARER B XU B, AR
ek R H AR (LPG 2 H AR S5 T K B R AR ZE
A BRI AR o e, — ol R R i 5 AR R
JoT ) R BOR G A — A Ak (SC — CO,) 2
FR BB T A TR AR FEE
JEram Y, RIE R R TC KA, AR AN S
PR K RN A R IR . IR R H A SO
TEE B AR o Al e A o U3 BRT e H e ik
B bR HE [ b i R, % R R e D
T B4t T it )2 9 43 3 1T 29 K B R L BRI A 58 XU
By FA B0 e 5, R 3 il oUE X M i B BRI
B 50 TF K

1 BlEBRZSUHREREAR
1.1 &

I A — S e e SR B AR S — i D) s A
FALTRAE A R K R R AR, M R AR IR
JEiRF] 31.06 °C, JE5RiEH] 7. 39 MPa, ¥ % 1t 0 i
e SEa AR . eIk B A 55 . AR B 46 s R
BN, RS A AR, E 1 T
AR I B R AR TE RS B L YT B R B
B I B A PR R M I, IR 1 TR
Xt T4 K 2 BUR S T it T AR KSR 2 SC
~CO, 1 I B 25K, (0 LGRS i e Pk, 25Kkt T p

1000

100

K 71/MPa

1 1 1 1
-100  -75  -50 -25 0 25 50
g/ C
1 ZEiwRE

F1 BEFRESSE REER LT

- N gy b iy Hf /\% /
AR (g &i/** ) (r:f’?-/s) fmﬂf -%fl )
WEFWESAK  0.6~2)X10%  (1~3)X10 2 0.1~0.4
L RN 0.2~0.9 (1~9) X102 (2~7)X10"*
B R E R AR 0.6~1.6 0.2~3 (0.2~3) X107
HEAT KA R

1.2 HARFE ST

5K N RS ARM L, SC - CO, JE 2 H AR A
R J2 003 (4 e 4 T 5 % g RS T R AR
FhmAR R ENREY, EEAR LT M®
ST (DR E R R R G BE T 0 L T Tk
P 5 (2) 358 I FE 2 i I 55 TR B 500 S ) 7 — Mk
(A I R T SR R TP A B ik i, LA — 5 1Y AT AT
PR (3) BT w25 B ARG BE L= T R BIORMIS 26 T gk
J s —J5 T R R 5 TV A Y R R 4R
T EE N 2%, 53— D5 T A R F A sl BRI T R
L 2k AR v R 3 8 R 5 () HAA TR AH T TR S
P /7 i R S S R e o A 7/ B B 93 TS
1) 7K BR800 5 e T kB T R 2 A (5) IR S T
FEAL N RS I B ST R AHE S 3R HE R R IS L X6
b 25 F A 5 (6 B TR R 73 /N KL BR AR T R
SMERE ; (7) Wi BE 71 5, 7 RUGR A 30 S b A 1 il 2
HFEPN G, BB SOE B B T AR s () BRI,
CO, Y & 3 AE FA T 52 5 F e 55 MR 9 JF R 4
JEIRE CO, MBTHAEM B 1, K A E A CO, .

[ B, SC ~ CO, F 2 v L fF 75 — & 1Y 6k
Bt

CIRG BEAIG AN S 4 500 i 48 e FLHG v g Ok
BOR R HE R A2 .

(2) ZE i PRk X R 15 25 114 2% B8 1 By 2 o
AE R L B B R 4

(3) £ BT N 1 3t gl oo A o, — S Ak ik 3k 3 Il
BLAS  — 7 I Wi s ad AR P IT P A AR AS AR AL R i
Pl s 55— 05 v . A TR T 7 A 2 T AR
B T A S BT PN TR N I A 1 I R

() FE A 5 38 i A &

2 ERSMERA-_SURERTAFRIR
AR SR A R I A A A R R R B A G

F 58 A Bk R 3 o i) s 34, b DG 1Y 52 3 F 5% 2 T

I3 3 KITT : (1)SC — CO, JE 22 R B 8 ni 1) 2



545 B 10

Who R4 I A — S Al bk IR R BOR BT 5 kR 23

B ) 4% T LT 1R 1 A FH G S SR BIF 5T s (2) SC —
CO, T AARNE BT X 5 FE A B W) 317 2 P 5t 52 Wil 1) AR
K SIS FY 5 (3) R 243 4 I 500 LA s 24350 Ay A G
T . BRI Z AN AFAE R BA E SC - CO, it
Bl HERD I Bl LA SR BE 3 A AT A DAY
2.1 I A T i e 2 R 2 e A 1 A G
S5

2010 4F, Verton %5 Fl H — & 4k ik Al K 3%
SEW RN HEAT PR 45058, & B S AR ik TR 24 i Bk )
5K E AR B3 R . 2012 4F, Ishida 2507 gk 47
TR A AR A T RS R R RS
IR KT R AT T L & BRI A Rk
e 5 WA SR ARl T 7 1 B s TR T AR T K ) R
%1, 2015 4F, Middleton %50 H2 Hy 7 F) B M I AL —
AR AT IO K R 5 vk DE 5 &3 SC - CO, R
SEFARAB RO R T R S8R R0 2L 4 A 1 O, AN AL
RRARC T AL A4 7™ A i) BEL BT ML T FL 3 s 1 8 43 DU
R B e AR B R R . 2016 4F, Zhang X
ST I S T ORI B R A R 2 S5, R
R HAR G CT A H ARG T oA h 2488 1
KA LA, 2018 4E, Zhao Z ZE101 & X A [6] My b7
J1ZE X A AR AR R R R R L R
A IR LB A5 SABE B FR R, ) R X S R4 1 il T
5 R AR

XF ek e SR g SR K T R BE S SC - CO,
FEZXF AR5, FRATT AT LA & B . R 2 0 AR 2 4%
AR e IRy IR (EPTD 0 i b NI NS E =g = S A oY NS
LR EE ATl . AE Zhang X 2800 1 00 45 TR 24 52 56 BF
FH R .SC - CO, RZM AR T T K ) R 2K
500 AT Al s A AR R 2R 150 A . fF
A AE AE A A R SRR g T R I TR
MIKAE R SC — CO, , BE K 55250 vh e 24
M 10.51 MPa 28 i, T 10. 04 MPa, F [ i B 25 K
4,500 s bR A RS R 2L JI{E M 11. 84 MPa
T 9.56 MPa, FREIEEEZ) 19. 6%, M, 3K
TR LR B R MK AE S SC -~ CO, i A e 2
JE 3 BEAR , 1H 2 78 A R B2 U 5 25 A A B P o A G,
SC - CO, 5 A Z I8 & A4 1Y ¥y 3 AL 2 4 F T8 B 2
PR R
2.2 G A AR RR S R A A A T 0 A O S 56 T
5

1996 4, Shiraki'™ #f 5¢ & # — A L ik 2 B

B AT RH a6/ H o A MEERAT Y. 2005
4, Kaszuba 55 %t 48 fb Bk 2 0 S0 0 A P gk
2z A1/ F oz TR B0 8 1 3%k i ik 300 42 o i ok
ML BR B 5 98 8 R AL AT T L%, 2008 4F,
Busch 45 BiF 58 % B I A — S0 A0 B 45 08 it 00
HR R R TR AR 4 o DT A AR AL BB LB R R L
FEbE. 2013 4F, Lahann 5579 & 1 00 7 A IR
AR S R FLBR AR fE . 2016 4F L BRAR IS BT
T I S T AR A U D S, DA g A e
K GHEE 9284, 254 XRD. SEM 32t 7 15 1 52 56
TG A A0 WA 5 MORZE . 43 7 e A = 4R
Pt Xt TT 2 1 2 M B R AR AL, 2017 4, Ao X
AU A4 L BE S G L B 9T R I A AR AR B I AR
X T 5 45 0L 4 L ) 2 P OB 5 ), B AE LA LG T
TS0y & 2 YR AR G [R) B L B 2 58 0, Ho 4% 300 )
PRI AR X R B, S 8 I Y R BT g Ak
2018 4, Dai C % HF T T 8 I A — A AL ik 24T
X5 A7 15 38 R 0 5 ) S ML X AS [R5 38 R 1
FEHEAT T 7K 77 1 28 5 88 i 2 — 80 Ak R 4 %6 L i
B 45 TR IR A A AR R R R TR B E R
FREPE AT B B IR, 1 K U XHIE 7B 35 R 1
FEP= AR BRI B IR

BT LR EHEMAMFM SC-CO, 55072
8] & A= 1 A0 AR G 5256 P F 98 22 4 L 38 A R o
X} SC = CO, He 24 il 25 A0 38 ORG 700 80C5R 1) SE 50 0F 5T
2014 47, i 7 A £ X RS ) (BEA 5 FA) X SC
~CO, K BE WY SE W AT T 5080, 2016 4R, X B Ok
SN AR AR R SR B S A EAT TR SE L 4%
Br TR 25 REBETF R B 55 2 S50 b 4%
PFF IR e S R, 2018 4F, Du M ZF0T R ]
AR A g i) 3 VP R e A e A S S kG )
T HOREJE Y SC — CO, FE 24 1ok BE (8. A 2> 1
B 1 AU ST T %R AR R R RIS o
FHLG S IR 5 SC — CO. 3845 71 5% T
WA 2T B, B e A LY SC - CO, &
MWK R B HE SRR .
2.3 I A AR R R A BE ARLT 5E

2015 4R, SR A DY # A7 T SC - CO, i
FE R 7 RS 5 ) B T 2 ()RR 52 e %) £ i R
R TR A B N TR T AR AR T T ACHE
5 RURE B T 5 A R S B AR AL EAT T
FE AT T AR IS A B A I LS B BB,



24 T LA CGa Lo 8 T

2018 4 10 H

A, PVINHE S8 My T M B TR S R BF 5 T
T AN TR) 0 2 22 BORN R[] 4 1 T A1) 2% 1 R 4 54 2
IR FE A8 4k . 1T PN LA R 24 4 PN 3R T 3 1 AH S
A HT SC - CO, K245 Tt T2 500 18 £
DUARIEFE IR K 45 ) SC - CO, BRI FLAS .

2015 4F, T4 DY SR RO A AR R X SC -
CO, ¥ SCHE N W i 20 1% DL HEAT T BLTT 35, 2 by
TR TRL AL R I 3 AN ] S 45 300k B S [0 U 3 % s )
ZM T RNV E B . 2016 4F AR # ST
T X ERIE SC - CO, R IR BEYE T BR324 T
SC—CO, ERW IR, TR T X HEF KRS
W SC -~ CO, %5 i 45 S 5O R 1 i
SO, I 8 O B BE M ST AT TR RS 5. SC -
CO, #ERb Wi AL AL WF 5, S AR A5 B 1) R 48 T 78
BOCRPRHE T A58 1 S8 ) S ORI R S 80 B
Bl X T BIF ) 5 325 1) R 2R AR R R T TR SR A
I R 240088 IR0 DA B S 500 i ik %

2015 4, R SR A N T YR I 0T S 4k
R, 2 LAK i T8 7K A K& SC — CO, hy i 24 it
7 FE B0 X B T AS [R) ST 45 1 T 24 4 1k T
R . AR RS R A g7 T 3E HF SC - COs,
JEZ4 I 24 B S ) AR L 64T T 5K R EE
A AR AR R 24 X EL 2 R 5 RN 1 S 56 B
EINAE 3YRIIRZE, SC-CO, B ES, H
FIF 24 4% JL AT RUF 4% TR 25 104 T30, X e 24 5 4
RS T S5 .

3 BIERZEUREREAARNAR S K #
3.1 I A A A R 2B AR B ST R

R A SR e s SR B R TR P S0 1 35 T g
FA A AR 22 [0 1 e o M I 7 32 25 fFL ) R A
FE 47 HE 1 I PR 25 4 o T 0 AEORG B2 BT 5 B0
PERD ) B, 5 375 P 5 00T 7= A 1) 1 A F ) 7 oK 55 L 2 H
HI SC - CO, RHFE R AT MIMHFREL . HAT,
SC - CO, AR MBEFAFLE LT ILEAE,

(DIFN A HEES, 7RIS
TR EE 5 16 152 ) 2 500 S B DN D A B st S, ASE 4
THE G PN A 0 A TR B — P 7 0 A A5 6L 4 L N
AR

(2) 2R R 5T » 2 BE0] LLA o R R
IG5 S SR ARG . A A A R
Xof 5 1) 24 1A R RN B I R AT T SR B, R X

T T R SR R T 5 N R LS 50 R B /N R
850 b I3 i A Ok, B Ay FRE S T R
AR R A T B IEBUA BT O 8 R R BE A
FIBIULE R G RV G . J5H T B X SR
1B AR IEAT T W5, i 20 B X I 3 — S A Bk
R IRHE S AT I St £ 590 TR0 3 AR AR 1 F g, LD 4
100 e 4 S0 DL 56 F R S 4 02 A T8 1 B 5 A SR

(3TE SC - CO, EWN R AT b, BE51H 1Y
TR 7 e 5 I B LB MR B LA it T B R
R S 7 T A S50 25 R B — E AR L A b
SC - CO, HHASEY ey HLI L, H AR 53 B % T
AN TR) 5 A XoF e 2R 728 b ) B M R

(D ik SC — CO, Ji 24 24 4 A7 %501 1 AH O iF
5%, SC - CO, R FTIE s i) 28 5078, AN F T 3%
TR ) TR i ko 2R e S A R AR B A O HEAT 43
Br.

(5) i/ SC — CO, R ZEH AR X I A TF 2R3 7= 1
FBIFHEIRE . R AR MRS, & B 2 1EH
FIa IR TAE, IUHE R —FBER 54
HRBE 7 ARARAR A FE F B AR, SC - CO, R AR
JIT AL T B SECRD SR 55 IO 2 2 T A )23 A% B FEL R A<
BIERE N T B F X SC - CO, i 24 28 4% W) 4% %o}
T 0T it 4R 2 LIRS AR ) Y el AR R AT AT
3.2 I A A AR R 2 R B T B it

(D5 AKLRLBE 4y F R AR, #47 SC - CO,
S IR/ - N B O (NG 5 R 1 i S e
T B S i ) R A WS A AR Z A
FE R € 1A BAE F L AT T R A R R R
W, MR o PR R VR AW T RE
ARG S SC - CO, MIAT MBS . e e T B
— [ A 5 AR ARk =2 T A AR R R A R RN S 3
PRI 45 S 5 S BRBOR AR . SR I3RS R 5
A3 1 B R SR AT S5, R IR T R AR R
R BE AT 2 N R S0 50 IR f sL g 25 S 5 4l SC -
CO, RS AR AT,

(2)#S7 SC - CO, FERE ZREE W T 1 L7z
2 RIS A (VAN S i O N i 2 -1 7 95N
B MR T T 2 2 BN S ) 3 B 5% 1 A 0
TFEWRIE AT A 3 A AP X R VR I XL &
7 KRN TCAD XA i 2 5008, 4 B SC - CO, 3
TE JS 1) 2 i A2 2% 1) 5 4 2% ) 6T U - 1 S b S
P R S8, IR L AT D R A



545 B 10

Br  RAE E I A A R TR REEOR AT 5T B 25

B, R CT 4 5 AR W52 2 85 1L 50 1 0 LA e S 4%
il 2 805 985 D Y HE o 24 4 9 T A9 5 i L 00 IE S
BB, B ZPE SC - CO, RS T IA
()FESL M UL A & & KRR 4 2 iy SC -
CO, MY B, bk &5 R 28828
R MM B SELIESE SC - CO, R,
RIRPEE R A F i A B G AL, 5K
JEZ R LY FRBLRUAHXT L, 0B SC - CO, JEZE7H il
FARZLE (R BE 1. AL A BE Y TR 24 2 B0k 25 95
[, %% N SC - CO, JEZL SR B fE i

(4) 57K R WA . SC - CO, mAfEMEK
JE R 2% B R 0 2 A 1A I S R H L (B K
FERE /N ASH T 3CHE RN BB 5 T A S K
KT AE TT . RAGE 25 1) LA RS A B 5[] 43 A 2
MR T A AT R A AR v i 2 TR S AR T
B R W E A B TF ORI A i, R
SC - CO, #2513k 11925, L SC - CO,
XTI DU A0 1B T RE ) s i 5 8 2 F e
J3%F £ T 24 2 850 0 BURE G 7 iR SC - CO,
S4FIT 3R A5 A0 Ik 0 8 T A B T RE ) AT RS .
b % P AR U DU % R IR BE S T
SC—CO, Y R, X LK J) 2 45 ¥
W58 SC -~ CO, HZLTE 114 %5 T 52 44 1) 54 4 I 4% 2%
PETR S T DT T SR B 1 i 4R )2 1R 3 A8 AR A O
G A 244 TUAT RS 5 223 [] 43 A X i 0™ et B I Ak
I

=

o

4 INHMEZit

(1) [ P AR K I 5 — S A b TR 2 S0 1 5 0K
T3 S5 % L W 98k B Il A AR A Bk R R
RIEBEAA AR ) 30 A W 2% & s R T %
J5 T B W RO . R A K b X DU R
I - — S b e e 224 B 37 3 500 1) 1 ) 5 S i B R i 5
B o7 FH 2 41 T B0 S AR B

(2) Bl SC - CO, MR WG, W T
A TR SR TR R S A R R T S R R R
() FE 24 e 0D T S A A i N Y R B A | S gk
P B S 56 45 T A 5T L AR T R T R R
R FRERHE T O R R = S R4
PIRHLEEAFFELL K SC - CO, JER R a5 W 2% &4 F
(A9 A< BE A5 T T 5% A R B

(O FE T 51 KUK B 43 F B R AR AT
RG] R SC - CO, R 2245 M (1 L #57)i2
Fo R 0 55 45 1 1 24 S 56 4[] D740 24 4 3 50 A A
MR E SRR MG ZE I SC - CO, KR
L ae - FRBR LLBESY SC — CO, 143 K 9K 24 4% 14 g
F1.SC = CO, JEZ5 50 4 W 4 2 F F Y3l o o 24
HEFULRE IR S TR AR S, I B
At R AR T S H R,

S %30k

(1] #AcEHE. P EMRBEM WIS RET] hE TR,
2009,11(8):29—37.

(2] XS I, i T, P B Al 50 BER BOIR L . #5 Aok
AR CHERBF 2 D 2006, (6) :869—876.

(3] Wil im 5UA KT IRk ) R R4 R R 5 I ML BRS¢ [ D] 55
MR FR AR, 2017,

(4] IhaE. ALWIE i, & S b R M H R s 25k (1.0
62,2017, 34(2) : 374 — 380.

[5] B4, sk BB X KW 45 07K R 24 VR 5 A BIF 50 34 o e i 5%
SR ] b EBL A P B J12E K30, 2017, (D).

L6] XI&, Fug, sksh, & ZHm T iEEABEARA—RHIRSE
KR AR 5 HF % . 2014,41(4) 1466 — 472,

L7] SRPRSC, AT, s . Ak ik T 85 TR R BOR ZR R [T 18 58 A i
BH4%,2018, 28(1):30—34.

[8] Kumar K K, Johnston K P. Modeling the solubility of solids in
supercritical fluids with density as the independent variable[ ] ].
Journal of Supercritical Fluids,1988,(1):15—22.

[9] Fang C, Chen W, Amro M, et al. Simulation Study of Hy-
draulic Fracturing Using Super Critical CO; in Shale [R].
SPE172110,2014.

[10] WA, BRKBBIGR CO WAHARNHFMIMI A5 . 1k

2 Tl L L 2005 :1—40.

(111 Eifek:, A8 JE 2R Al I R F & TUa BRI A g
A AR ,2011,39(3) :30—34.

[12]  RMSE BEROF BN ZR. CO2 To/K R 2 T 20 KB 0 B 45 25 A
LI A AL, 2016,44(8) . 79— 84,

[13] B ARME 2w, sl i, 45 R 7 — S AL Ak JE 7K R 240 B AR 52 50
WhoT L. KA B 597 K. 2016.,39(2) : 58— 63.

[14] Wang H, Li G, Shen Z. A Feasibility Analysis on Shale Gas
Exploitation with Supercritical Carbon Dioxide[ ] ]. Energy
Sources,2012,34(15) :1426—1435.

[15] Gupta A P, Gupta A, Langlinais J. Feasibility of Supercriti-
cal Carbon Dioxide as a Drilling Fluid for Deep Underbalanced
Drilling Operation[ M]. Society of Petroleum Engineers,2005.

[16] Verdon J P, Kendall ] M, Maxwell S C. A comparison of
passive seismic monitoring of fracture stimulation from water
and COyz injection[ J]. Geophysics.2010,75(3): MA1—MA7.

[17] TIshida T, Aoyagi K, Niwa T, et al. Acoustic emission moni-
toring of hydraulic fracturing laboratory experiment with su-
percritical and liquid CO2[J]. Geophysical Research Letters,
2012,39(16):16309.

[18] Middleton R S, Carey ] W, Currier R P, et al. Shale gas and



26 B TR Ca LA TR 2018 4F 10 11
non-aqueous fracturing fluids: Opportunities and challenges —281.
for supercritical CO»[J]. Applied Energy.2015,147(3):500 [27] Dai C, Wang T, Zhao M, et al. Impairment mechanism of
—509. thickened supercritical carbon dioxide fracturing fluid in tight
[19] Zhang X, Lu Y. Tang J. et al. Experimental study on frac- sandstone gas reservoirs[ J|. Fuel,2018,211.:60—66.
ture initiation and propagation in shale using supercritical car- [28] {EA&E,INETL PN, 45 8 Im AL = A A0 T 200 5% b 92 56 7
bon dioxide fracturing[J]. Fuel.2016,190:370—378. HEMILC/ /2B ) 22T 2. 2014
[20] Zhao Z, Li X, He J. et al. A laboratory investigation of frac- [29] XUEG, ERIEMS , B0 DURL, 45 TUA )2 B I A CO, R K UE
ture propagation induced by supercritical carbon dioxide frac- RIS 5T ()] 85 T 5 5 . 2016,33(1) : 113 —117.
turing in continental shale with interbeds[]J]. Journal of Pe- [30] Du M, Sun X, Dai C, et al. Laboratory experiment on a tolu-
troleum Science & Engineering,2018,166:739—746. ene— polydimethyl silicone thickened supercritical carbon di-
[21] Shiraki R, Dunn T L. Experimental study on water-rock in- oxide fracturing fluid[J]. Journal of Petroleum Science &. En-
teractions during CO;, flooding in the Tensleep Formation, gineering,2018,166:369—374.
Wyoming. USA[J]. Applied Geochemistry,1996,12(1):233 [31] B, 03 M5 AL 2 IR R AR — TR
—237. A BRI A, 2015,36(2) : 203 —209.
[22] Kaszuba J P, Janecky D R, Snow M G. Experimental evalua- [32] PhINHE, PNV, E B H G A CO, 5 24 24 5% IR FE 3 18 R
tion of mixed fluid reactions between supercritical carbon di- I A 2EH.2015,36(12) : 1586 —1592.
oxide and NaCl brine: Relevance to the integrity of a geologic [33] E&H, INEI. X =, 5. 2449 W IG A — R ik i R
carbon repository[ J]. Chemical Geology,2005,217(3—4): W5 4R 3 S BUE B 55 [ C// 4 EK 3h 1 20k 45, 2015.
277—293. [34] MR INGEVL I 55 3P0 76 18 I 5 — Sl A itk v 7 B B
[23] Busch A, Alles S, Gensterblum Y, et al. Carbon dioxide PRI ] A4 .2016,37(8) : 1061 —1068.
storage potential of shales[]J]. International Journal of Green- [35] K, E B, M. Amro. 8 iIf F —  1b i & 24 50 5 (1 7 TR
house Gas Control,2008,2(3):297—308. PR LCL/ /BB SR TR L Z 5 2 5
[24] Lahann R, Mastalerz M, Rupp J A, et al. Influence of CO, JU 2 EBET TR CE -85 TR F RS HAAES 1 X E.
on New Albany Shale composition and pore structure[J]. In- U b R, 2015,
ternational Journal of Coal Geology,2013,108(12):2—9. [36] BRILWE, HISFMY, 22 M4, S5 B I 5 CO, k2l 24 i 7 # A
[25]  MREESS. G 5 — S LR AVE R D08 1 SR M 52 (D] TR H5SHURED S LC]/ /4 B bR TR %R 21, 2015.
R K %, 2016. [37]  PASCHE PhEIL. Ay TROTE B IR FE CO2 MR ) 4y T B3t
[26] Ao X, Lu Y, Tang J, et al. Investigation on the physics R HCCT//hE S EE TR, 2014,

structure and chemical properties of the shale treated by su-
percritical CO2[J]. Journal of CO, Utilization, 2017,20.:274

[38]

ZEMG, AR TR FL A P R W S LA A S (1.
¥ 5508%,2017,39(2) 1 135— 144,



