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Comparison of Fracturing Features and Permeability Enhancement of
Coal Fractured by Water and Supercritical CO,
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(a.College of Mining Engineering , b. Key Laboratory of In-situ Property-improving Mining of
Ministry of Education s Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Based on the academic thought of non-aqueous fracturing, the coal cylindrical sam-
ples with different crack morphology were obtained by water and Sc-CQO, fracturing. The permea-
bility of coal after fracturing was measured under in-situ conditions, thus the fracturing charac-
teristics and anti-seepage effect of water and Sc-CO, cracked coal is analyzed. The results show
that, compared with hydraulic fracturing, under the same stress condition, Sc-CO, fracturing has
a lower initiation pressure, the curve of pump pressure-time fluctuating less, and more complicat-
ed fracture-network; The initiation and propagation direction of fracture in Sc-CO, fracturing is
affected by three-dimensional stress, weak planes such as bedding planes, and primary cracks.
After Sc-CO, and water fracturing, under the axial pressure X confining pressure of 12 MPa X 10
MPa, the permeability is increased by 472 times and 34 times compared with the intact coal, re-
spectively. While the permeability is increased by 47 times and 19 times after Sc-CO; and water

fracturing when the axial pressure X confining pressure is 16 MPa X 10 MPa, respectively. Under
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the same stress condition, the permeability enhancement of Sc-CO, fracturing is better than hy-

draulic fracturing.

Keywords: coal; fracturing; supercritical CO,; hydraulic fracturing; non-aqueous fracturing;

crack morphology; permeability
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Schematic diagram of self-developed coalbed methane

Fig. 1
reservoir fracturing-seepage device
BN 3 mm B9 AR 5 0 RE R SR P R O B
5 DA IIE TR 24000 1 il T . 7% B R 2 IR
B AAAE R 4 5 R v VR S 8 K R T GBI,
FEB T g o o SRR S A I
7 5 285 v, N RS CRy D2 3 BN ) 5 i
IR 7 1) 22 () X6 T 2480 S0 LA S S5 ), 7
AH TR (10 MPa) A [Alfi e (12 MPa #i1 16 MPa)
T R BEAT K F Se-CO, FEZHAE . I 1 iR,
S PRE R AT R L R R A T SR AT 2 IR

3 mm
—b————— £
g
5 mm S g
o, &= =
E & 8
: — =3
£g i®
e §
Sl
= i
) R
50 mm

B2 HKH4TEERRRA

Fig. 2 Schematical and physical model of coal sample
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Table 1 Parameters for fracturing experiment
WA K/ mm JEZA 4/ MPa
1% 70. 02 Sc-CO2 16
25 69. 99 Sc-CO» 16
35 69.99 7K 16
15 70.01 K 16
5% 70.01 Sc-CO; 12
6% 70. 02 Se-CO; 12
75 70. 01 7K 12
85 70. 00 7K 12
RN 10 MPa, &R 40 “CL LR

L4 RBHFEESR

1) 25 BB K I3 X HERES 185 R 05 W, o L AR 3k
A B, e Joas AR oI oE = 60 °C L IF
THAREMRE 24 b, B 2B A2,

2) B AR A e R b, SR B Tl L R
FEL R F I 52 B8 I 28 22 b & L R 39 2 10 MPa, 5
A R = e H (12 MPa 8 16 MPa) ,

3) FERHE X [ JE & 12 MPa X 10 MPa F i 4
IR A ERRAS T R A SAESLBR KT 1 MPa B}
LR R R B B

4) 1ERE X [ E 43 9k 12 MPaxX 10 MPa, 16
MPa X 10 MPa 3X ¥ Fft i 1 5644 T i#E 47 7K Al Se-CO,
2L, R I A0 30 mL/s. TEE N K
Ik — B A E e SRR . W
B FEHEAT Sc-CO, B, R RIIE CO, 15 3 #8
I B 25 (s BLIRE 31,26 °C LI ALK 7 7. 38 MPa),
FEAFOR e85 5 CO. RPMIMZE 40 C, [F 0] 7E
Je HR BRI A 10 MPa B 75 &, e Ah, fEK S
FE 24T, S HEAT 000 B0 B 5 IR BE SR B 40 °C L DA
T5-31E P b A 3 TR 24 5 1) 3L B8 A AR I

5) FEZLZE R , ikt o ) AR AR S 3B R I AE A

RSB W R A0 B2 R Sy 2 AR IR
6) P& K 2 12 MPa, R A 08 3) , I R
SRR BB,

1.5 BEXRHNESITE

D4k 95 33 S5 0 F FH 5 1A R 3 3 R ok o o ik
BV EEEET AR A R A A 1k
IR RSB ERHATNE, BiERITEAR
mr.
_2QupopX1077

S(pi—p)
Kk, WREBBR, eom®; Q N M H i,
em’ /s3 po B KA . MPas 0 SRS E , MPa -
s;L B B G 78 8 B K ) » mm; S S K
B, mm” 5 py L po A3 AR YA E AL
71 s MPa.

TERE b, e REa 1 o KA L R LR
B R v K A 35 mmL i po=p,=0.1 MPa,L=

35 mm.

2 RBERE A
2.1 K5 Sc-CO, R B ER4FHERTLE
2.1.1 ER ML

Bl 3 RKE Sc-CO, B 2L A ) S 78 R 24 il 2k
SR . Sc-CO, 24 8 iy Fe 7 i 3 oK I
ZL N, TR A BT Y e 2t e 34 AT DAk Y
BAERE SN =B RN T B Ry R

k, (D



488 g JE O T g 2% 2%

9550 %

B R Rk BL
%0 — 1-- 30
- 5- 73
25
Z Ly

” }r’?‘;”‘{' I‘ =

10 h -\3 Q
[ ! g :
(R \

St !
i !

O B 1 1 1 1 | 1

0 100 200 300 400 500 600 700

tls

B3 AAEREZGHETREMZ
Fig. 3 Curves of pump pressure-time under different

fracturing conditions
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Table 2 Initiation pressure of water/Sc-CO, fracturing
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16 Sc-CO: 14.71 15.21 14. 96

16 K 19.92 19.51 19.72
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Fig. 4 Comparison of apparent cracks before and after fracturing
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Table 3 Permeability enhancement under various fracturing condition
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Fig.5 Schematic diagram of flow channel section
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