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Directional Fracturing Caused by Carbon Dioxide
LIU Quanbao, WANG Fei, YAN Jingjing, LIU Hongwei, GUO Chengcheng
(School of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Based on the theory and practice of carbon dioxide fracturing, combined with the pre—notched directional fracture, the

carbon dioxide pre—notched directional fracturing technique was proposed. The mechanism and experiment of carbon dioxide pre—

notching directional fracturing technique was studied. The results show that during the process of carbon dioxide fracturing, the

pre —notched hole produces two mechanical effects of a strong tensile stress area around notch and a compression stress area

around non-notching direction, as well guiding effect on the crack direction. Under the combined action of these three effects, the

cracks initiate and propagate along the pre—notched direction, and the directional control of the cracks made by carbon dioxide is

achieved.

Key words: carbon dioxide; fracturing; directional; pre~notched hole; action of quasi—static

E [ FE R AR A EE A UL R EE
e (DI 2L R 5 1, LA s R R B R
B, RIPEEREN, REEE R m MR EmL,
EHTZHEATHE N K RE S TR
R, SR, A R e R AE B EOR I T AR
2y, 5 I T R U TR B AR SRR R 1,
BAGRER JRE S EWAERS . CO, K
HEARR TR %, S AT A
PR TUE SR FFRT  TURT A ), A R
JZ TR AR B 16 S5 B8R AR B Y T Bl b 25 R e
e A K SRBERE R AT S AT
DL AR, 33 S o o O A 1 4 R 3R B TR
BEE . EAFR, BNSMEEXS CO, BRI ARBR
AR, B R RS T AT
TREWFL, B3 CO, BEREAE 1 1 Fi 77 H B
FED, FHEXT CO, EMBERVIBESARE, M
CO, R B, vt MRt A4 . SR A
B, ZERIRGE BRI T AR MK R

R’ EEEVIEILEM T ETRERES/N 5T
B BREFR B T2 EEN AR, R
H CO, VIRt mBOEREAR . B4 T YIRELE CO,
RE 7] BORIT TR A 77 A2 09 1 S350 L R TR REGE
Ny BITMEMR, HHLRER B4 R
HATHUE

1 CO, PIEE M B R IB ST

CO, VI R M B 28 1 X FE ALV RS =
CO, RIFREEE P TR (B RELR) I, B f
YRR, R, RS E A Y
8L, R LRG| AR B S 0 B Y
1.1 st & R CO, ARy B A FAER

MNTRIEIME, B TFEE Co, EIMFLEES
T S R SIRR, FEFLEER A T A AR UK BEDL
VRS, YR EAE F & TR FE R,
SOBAHIT R MR, FERM LR, B
I K R COo, KBRS, i CO, BT R

+ 23 .



$49% Hs5H
2018 5 A

Wt 4

Safety in Coal Mines

Vol.49 No.5
May. 2018

BB IR R EBCRORE, 51 S R EUE B R R
Ji& , J& CO, UIAREE 1) BOREOAR A IF 5T LB

T UL, YIRS T LN R €O, X
PRI J3 534, DIHERE & e CO, A ARSI, X Y)
T S PR A, el TP T
AR, UIRERIRT 2SR 51T b TR Dy
[i] , DT 7 DI e 3008 00, 1 SR Fp BRI (&L 1) 7%
DI A iR AT 7 AR 00, FEAIG T R AR
RPTHiNLST, BRI RE TR Ty R Bl A
DI REBOERKAS, TR CO, TR AZH
REL, ERBRIAWIIK 2 A A 5F R, RER
s ;) A SRR, HESh AR Y, e
fiff F bR E AT 2R 5 1] T 288, B B 8 DRI R4 v

WAk G ﬁlj il X

B1 EAKPSHRGAHFXTE

1.2 oAl st 3UAE 3L s e ) 1E A

YIRS AL A B FLIAR i HFLEE A 5 B2 23
TR, FLRE BT 5 A T K T UIRE AR v T
SR, XSGR T UV RN R BGE R S, TR
T ALEEREHLAR (7 BB e REYE s MR CO. R
PR e UIRE LI, DDA AR FR R i 23 th B 0 ) X

iR TR U

| Eh#E

— '%J\ © g

B
SR

B, S V)R R LR e Xk, LR ) o3 A
55 BB LA A AT, X ST AR 4 S Rat: K
ifill D12 X 2 DX 3l P 2 g e A e 30 A0 o 4 5 Bt
VIR e i BB GE i, @ TR CO, A ] 2L 22k it 3R
e, AT FLBE FR N ) 98 B A AR, 1 P BsF ) 4 i, A
0k /N FLRE 403 45 R, 4 v Tl R e ko
1.3 AR E o R AT RF @il 48R

SCHR 2240 W %4 77 27 vh v A2 fig 5 8 I e
W AAEERSERT, RaRaWE /AR
AEE RE Ny e Ay . A aCaor:

0S 9%
09 o
06 |6=6, 06" 0=00>
A S NS RER BE I -, MPa - mm; 6, A
150 RRLY I Ty ) 5 UIREXS PRz e A
IR v 1 10 A% BB %5 BE IR 4
2(1+0)K7
N TGS B0 3adpaos
S 16mE [(1+cosf)(3—4v—cosh)] (2)

AP E e £ e MPaso SHTARALE,0<

0 (L)

o<1 3K, VIR 17 78 BE P 7, MPasm
¥l (2)3R GIACA (1) R M#AE 6,20 KoMk —
fife | BV R £ i e LRI R

2 COVIEERBHIEHR

2.1 I R Ao 5B HEAY ) 4
FIH CO, BRI HIHL R G (] 2) AT IR,
FEBIUAE CO, B B ARMER SR T, |
T AL IS FL IR B G REUr E A, il
PR R T R8s RE ) .
PO sk

S

T

co,

fi

ﬁii: LT N+
= 5

LIARINE BT 2%

& WS

BdE |
i WA

B2 XBAKTEE

G HCR OB B /N T 0.5 mm A7 e fib
BORHAOTR EE Lk AP ol 41, B 18 WK B PE Y
51,26 LT R SE 150 mmx 150 mmx 150 mm 7 5 (A Gk

.24.

PERE R PR IS B | il £ 2 Al 9zl R VE L R
PAAR [5) 61 8 $SO0 mmx100 mm AR ifE {4 3 Bk,
PAI i B B ) 2 2 50, B 5 N DK FR 4 28



#4945 HF5H
2018 &5 A

it b

Safety in Coal Mines

Vol.49 No.5
May. 2018

d. RATEEIEAL, FLIFE 100 mm, HFE 6 mm, )
L ST K 3. VALK RATF T
BTIYIRE A 60°, 57K 1.5 mm, AL ERER
BB R EM G, B FLIEE 30 mm, 8 5 d
BB B AE B ERCR . 3 A BT 2y s B R
& 6.73 MPa, 3487 V138 2.13 MPa,

wemisn B me
15 R3 ] g
6
150 150
(a) 18 ] H T (b )9 1] 1 T

B 3 {iErL#EE S Y EEE

22 FHidAE

DR AR SR 1548, SR S B RS, *F
BRI 0.5 MPa F) 4 AN LR AT T B2, 4
BRif [R5 B3 T R

DFREERHRERAS R, RHAFK. B
EEE RE e BB EEHITE 50 Co

3RMEIRL K CO, URFEARIZI LR
PEATE SR, R B E 20 mL/min,

) MBEHEIE N RGE, BIRRERRIL R
NESEL, 2 CO, I AMER/NEIEEE, S
SRR R AL
23 HRHH

REFE A RAEIR 50 C, % CO, R FEAR
PR B, SR BN I, 2 TP AR T B 4 LT
MEB RS KM RE R WRA K E  Hod. rm
S RRBORTE SURIE IR 1T

TEEEAURREERG, HTIHAMIBK A &I
[ 0BT Ui BE B AR T TR 7, T HAY 5 T
B 3~6 SRRENLME . RIEAFRIZE MR,
BBAIRI/NAEFR 9 B, X RM T CO, AN [
TEALEE R R 1 0 A R S0 B, SRS 2 IR
LR, BB ALK BOERCR S M R4S
— B RS R AT AT, RS, St
EWUIERE T MY 2 B, BAREOUER 1 &
SR WMEREL, BWr R m T8, fLEERREG . X
VLB CO, ER SR B, MR TR
WIERL S5, K-SR IETBRERTT M, AN

CREEI Y R K R YA LR O 10 B, P R AR
Wil ; T CO, RIBAERMBLRIHRBULRS
BOFLRE A BT A2 RN R0 55, BEINYIAE o LB 24
SURIMHIVER , FLBE R A MR K,

R B R A R e AE BRI R h A B8 , 8
LN TE T bl ] AR fh i 2%, DIREFLIsRAL e 1 2
TR AN 4. ST HHER N 0 B {E 1Y i 72 0 HidE
INEREFRIER SR, NMEBLRESER, B2
AT HT A A B &2 B RTEFLIRI . B
Bl 4 mTn, MRk E B RIEE, Co, K RTiR
AW, P RER; YENBETFET
W, RAGMT RGBS ESBT o, IR
Widk, A B 7058 (7.65 MPa) B & =T B
LRIE(H (4.54 MPa) , RALEM R BAERT BT
YIFERT CO, AR IR, FR IR
Y KRR, (LR 10 BT 2 R B KT
FLEEFE 7, AR T ULk e R ),

8 r —a— A
7 —— B
6

§ 5

S4

H3
2
1
0 i L i L H 1 L I
04 05 06 07 08 09 10 11 12

FitiiE) /s

B4 HBRGIEDE NP EEL %

F TR RE, REOY RS, B thZk A
KPR AT A &, B REAL KIS CO, HtEmw
8] (0.3 o) T YT AE fL i B itk i 1F 1] (0.05 s), B4
R AL R B0 i B B B K T IR FLit e ey
R, BB, N EREERE , &
EREE CO, A RERP B, STEUFRSREH
SkumBERFEIR, MRLMY R EEMRHTUAE
ROURuRII RN 1, R RELYT R B 7 A 1 5 el
Zo tFUIREIRABRL, VIR XN 5 AR A
AOTEREL T R A, YA 1 £HEGERN,
IR CO, UABE B ML TIRRaUR, ™4
L T R ARG Rm BN 15, e T
S REE.

3 8 it

D)@ % CO, YIAE 5E 10 BUERAUIIAT 434,
- 25 -



49k %54 N 2r B A Vol.49 No.5
2018 %5 A J'i / £’ * May. 2018

Safety in Coal Mines

ALVE TR RATE, BT B COo, AT
LRI T3 o0, TERER SR PR TR SR vh A A A AL
BERLEC IR, a2 A o 2 m AE A
T, REFEYIERmITER, FIRHME T LBER
Sra g VIR AU 5| AE R T R_amaile
WHITER, R RO E BRI I7 I P T

2) HEEALIAR B XS e, VIR AR 7k
BORME S, REWBO T4 1 REWAR R
g, ROy REEAZERS AWM, T8
R85 CO, VI M BRI HER -2

3)WFFRE R K LT CO, BT R A VIAY
fLAE M J5 AT LUS BRSO 6l . RIPEA B
B, A CO, YIMEE MR BEB FE R E M ZHY
RS %

SE 30K :

(1] W, HE R, S E SRR 5
BRIM At  BH R4t 2017.

(2] &30, v, ERLUIRE LR ERMA T A2y BiTh
RISLERATFTLY LA A 15 5 TSR, 2015,34(10):
2018-2026.

[3] =, LR B1H, S RLBRESNE I F571E
B BB L [T ] 4R KE S vy, 2009,29(4) : 413.

(4] #pAH, FRERR, . RIS REUTH 50
RLT] 4 AR, 2015,34(8): 123-124.

[5] VEARA, WEP-F, 8ok, & S 5itaR
WL R [T ] A5 5 R W%, 2008(6) : 52-55.

[6] HOLM L W. Carbon dioxide solvent flooding for in-
creased oil recovery[J]. Journal of Petroleum Technol—
ogy, 1959, 216(12): 225-231.

(7] &f%548, 8%, AET, % TUERB IR AR co, B
B LR E BRI ) AEAMREFR(BARE
fZ),2015(3):1-8.

(8] JAWRE, TS, RET, F.IRE CO BHUHEH B
BICE LS BRI A6 1% 5 TR%H 2016,
35(3):524-529.

(o] FIF,ZH BFER,FHWE Co, HEHRBE
BB ARG AR P EZ 2R R R,

[10]

(1]

(12}

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

2015(9):11-16.

TR, B b, 2R, 5 A CO, Bk 35 v it
BEELT L0 IFR,2009(1) : 22-24.

K, B E B AR A e R T A
T = A X BT )R 224, 2013,44(8): 144
KFRAT, K %AE BHR .CO, BB E AL K H A
JRBOEEE A IR L) ] 58224, 2017,48(1):70.
W, BT SRS AR RIGERE
FLSTVABRLT LR BLA 4R, 2017,45(6) :67-72.
DU Yukun, WANG Ruihe, NI Hongjian, et al. Deter-
mination of rock —breaking performance of high —pres—
sure supercritical Carbon dioxide jet[J]. Journal of Hy-
dro—dynamics, 2012, 24(4): 554-560.

Dawson G K W, Golding S D, Massarotio P, et al. Ex—
perimental supercritical CQ, and water interactions
with coal under simu~lated in situ conditions|J ]. Enr—
gy procedia, 2011(4): 3139-3146.

Stuart D, Robyn F, Richard S.Swelling of Australian
coals in supercritical CO,[J]. International Journal of
Coal Gelogy, 2008(74): 41-52.

WAL, PN, Bhok i 8 4 550 T A AL BRIEAL
TBLRBIE B R T L% 42, 2014,45(11): 74,
TR E AR B R PR LT L 1
FBEaEAR, 1997(4):25-28

VAT, E RS, B8, FRIRR CO, BIEAREL
AT ()] B E L K¥ 24k, 2017, 46
(3):501-506.

KA.V T 2GR L 2 S BUE AR50 () ] 4B ak
#EH1,2009,38(4):1-5.

PR A Zs, BRI FE, ok 3 5t UDRE AR A b U A B 2 1] ML
B ERREFZHR(ARPEFAR), 1990(5):68-74.
SRR A A AL TR R B R R RSN RO R () )
T TR, 1998(1):30-33

YEBE 3 &7 (1989—), %, LB 3 RA, £+
BRE,RARTAATFRET S,

(I A% 8 8 :2017-09-07; T 1E %45 % #)

« 26



