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Analysis of permeability variation and stress sensitivity of liquid nitrogen
fracturing coal with different water contents
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Abstract: At present, the technology of fracturing coal by liquid nitrogen is a new type of anti-reflection technology of coal seam.
Water content, coal rank and temperature gradient all affect the anti-reflection of liquid nitrogen. Among them, water content has a
significant effect on the anti-reflection effect of liquid nitrogen cracking. In order to study the effect and mechanism of water content
on liquid nitrogen cracking, four groups of coal samples with water contents of 0%, 2%, 4% and 6% were treated by liquid nitrogen
leaching respectively, permeability tester is used to test gas phase permeability of coal samples, and the permeability and stress
sensitivity of coal samples at different pressure points were discussed and analyzed. Some findings were obtained. (i) Under the same
confining pressure, the variation trend of gas phase permeability with effective stress generally accords with negative exponential
function k = ae™? + ¢, and the correlation indexes are all greater than 0.95. (ii) When the effective stress exceeds a certain critical
value, the gas permeability of coal sample is affected by Klinkenberg effect and presents an upward trend with the increase of the
effective stress. (iii) The increase of water content of coal sample can significantly promote the fracturing effect of liquid nitrogen.
The most obvious is that when water content increases from 2% to 4%, the increase of permeability before and after fracturing

increases from 92.88% to 357.12%. (iv) The normalized permeability of coal samples before and after liquid nitrogen fracturing is
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treated, and it is found that coal moisture has both a negative effect of blocking seepage and a promoting effect of improving the

fracturing effect. The normalized permeability of coal samples before and after fracturing is complicated under the combined effect of

moisture. (v) Under the same pore pressure, the effective stress sensitivity of coal decreases gradually with the increase of effective

stress, and it can be significantly improved by liquid nitrogen fracturing.

Keywords: water content; liquid nitrogen fracturing; permeability characteristics; stress sensitivity
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RN TR K G, WBHAE R DRSS, RIS 7K 533t P
AT/ NFBIRIEIE, TR BN AR B G
FCBRASIER,  BAA B S 8K EOR,  IBRAS1EH
AR, WO SR i5 0% FE B S K ER R HS ORT
J/Ne TAEFLBRIE S 1. 2 MPa, HIJE 3 MPa i,
B I Z BERERE I B K MR kN, 32 R AR
B2 NIRRT R BRI K 73 RHB L
PHASAEH -

Ak, BSOS R IR SR B E R
IKER IR 2 I 1 22 AR A 35 R RE A 7K 205 SR 1)
B . pltn, WERBEE, fLBHEJI8 1 MPa
i, fEE BT, BAARIE— B EZEE & KRR
R B IS/ BRI sy, REAES
IKZRA) 2% LA B2 6% 7K 43 % BRERE 12325 26 1) 67 T BELAS
YRR T 7K 73 0B R SR A () IE T B A, 78
TIKEN A% 7K 536 SRR V2 2 1) AT PSR

N TR R R AR 1) I T M 1

4 BRI ASF F KRR L A7 B
PEFZ IR 70 i

WS IR H A A IEARIZ 1% 2R AT RN T 1
DN LU =k Ak G e AN o s Ko O L%
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WEAE AN AR AAR B A BN ) U REHOK,
KA LB ABE R R . AN
UM REOHE A R

ki+1 B ki 0

c;=-—;;——x1004 7
K Co AR T BUBME REG ko AR FLIT
JIEAER, BB 1 ANE RN E RO B RBIE R (107
um?); ki NAEFI LR D356 T, B i AR
SN EBIER (i=0,1++) (107 pm?); ki N
IR FCHTE SIS, 58 i+ 1 AN RN T AAE X
FiBiEZR (1073 um?).

ENTCHT 1A, ARG A EA RN
XTI (R 208 U R BN 4 B o v LUK,
XA —BERE, AHEFLERIE TR, A RN s
FEUHAT RN 7B BB/, 132 R R I
TWARAEAE—EMBR, BEAEA R 7B R, IR
JR A TEAZ B R M, W IR A RN 2K g 1

K4 BERESFILBRE %0 T BB EH BB Btk R R
Table 4 Variation of effective stress sensitivity coefficient of each coal sample before and after liquid nitrogen fracturing
under different gas pressures

- BESH  HREH RN R A LBES  HMNH ARSI R
o /MPa /MPa, S €S B MEa MEa S €S S e
1 1 74.64 68.89 1.5 0.5 91.87 83.64
1 2 11.56 12.32 1.5 1.5 5.73 9.11
Y 1 3 435 8.00 1.5 2.5 1.07 3.16
2 1 69.88 80.62 2.5 0.5 80.00 88.07
2 2 12.40 19.28 2.5 1.5 6.04 11.79
1 1 59.55 65.53 1.5 0.5 78.03 87.10
1 2 17.30 19.24 1.5 1.5 6.31 10.85
Y, 1 3 7.38 8.29 1.5 2.5 221 4.90
2 1 54.08 68.16 2.5 0.5 71.48 68.76
2 2 14.99 16.16 2.5 1.5 10.35 17.90
1 1 44.36 64.33 1.5 0.5 68.18 77.01
1 2 26.67 29.06 1.5 1.5 11.81 22.94
Y; 1 3 4.35 8.48 1.5 2.5 4.36 4.38
2 1 63.01 68.72 2.5 0.5 80.38 82.00
2 2 16.55 20.47 2.5 1.5 8.52 9.70
1 1 51.59 61.36 1.5 0.5 66.61 —
1 2 17.73 18.32 1.5 1.5 13.71 48.57
Y, 1 3 7.99 10.82 1.5 2.5 6.98 19.88
2 1 50.49 58.66 2.5 0.5 51.65 -
2 2 15.60 19.53 2.5 1.5 22.18 37.60
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