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Composite hazards prevention with breaking coal seam and roof by
super high pressure water jet

YT Enbing' > ,ZHANG Yongjiang™”

(1. School of Energy Science and Engineering ,Henan Polytechnic University, Jiaozuo 454000, China; 2. State Key Laboratory of the Gas Disaster Detecting ,
Preventing and Emergency Controlling, Chongqing 400037, China; 3. China Coal Technology and Engineering Group Chongqing Research Institute,
Chongging 400037, China)

Abstract ; Coal seam with high ground stress and low permeability is high likely to outburst especially as it has high
rockburst possibility. In order to prevent this problem, this paper studied the technique of ulira-high pressure water jet.

The ultra-high pressure water jet could cut the coal seam transversely and longitudinally. The transverse cut refers to

the stress relief of coal body,and the longitudinal cut refers to the stress relief of rock. The failure mechanism of coal
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and rock under ultra-high pressure water jet cutting is analyzed theoretically. With the ultra-high pressure water jet
cutting, shear stress and tensile stress occur in coal and rock mass,which accelerates the generation and expansion of
cracks in coal and rock mass. Then,coal and rock would break along the axial and radial direction of water jet cutting.
Similar simulation experimental data show that the cutting depth is 152 ¢m with 100 MPa water pressure,2. 5 mm noz-
zle diameter,60 r/min rotary speed of drill pipe, 10 min water jet. Numerical experimental data show that the pressure
relief is better with 2 m of two water jet point in a hole,and 8 m of two water jet holes. The ultra-high pressure water
jet technique was applied in the 220108 working face in Xinji No. 2 Coal Mine. The extraction of gas in single hole
with ultra-high pressure water jet cutting increases 3.5 times of single hole without ultra-high pressure water jet cut-
ting, what is more ,the permeability coefficient of coal seam increases 30 times,the time of gas extraction is shortened
by 38% ,the pressure of coal seam is reduced by 35% ,the pressure of shield is distributed from 20 to 25 MPa. No high
energy seism occurs during the breakage of rock strata. Those demonstrate that the ultra-high pressure water jet signifi-
cantly reduces the rock and gas composite dynamic disaster.

Key words ; ultra-high pressure water jet; composite coal rock dynamic disaster;slit;drainage scalar;stress mon-itoring

Bt 3 I L T | B R I
SR TF SR, N ] 3Rk G 1 £ B o o b R RO 5
HHEMEN NI ERA" . HTE A KRS
TVIFIFA PR AR EZREXHE S FO g s
b B — By 3 9 FE B IR 1 BORFSE | AR R K
ARl PR TR R e LA C Y E I v B e
BN, OIEICR 22, HILTHREMRBIGE G KA
I E M K SR E T Z 8K, B 100 MPa #8 =
R KSR D) A R T A, 93553 32 | 3T 3 28 Ay 1 ) I
LT T 8055 vhili MU S OB 2 A K E
KA,

BT A B TOsh ) K R A LB A2
E PR RAFSE TAE, iS4 R T sk
BN K Rk SR sh AR ARG B )1 3 Rl B )
TR BEAL HEE TR BT A A ¢ 1 s D
BIRPRARR K SR B 1A LTSS HUCE RIS
W5 RS R A AR K bk S A 2 s
8 YGIMBE IR B SN R BT IOR AR T T
B[] 3l s R 45 F T R B LA 0t 5 G O 4
RA WG 1028 2B AL i e 7 7K S5 0 51 4 344 375 B
RFAR, KFHARE SR T 50 MPa, BUEAAITSE T %
FLANG AR N R, A 2 S R s K
SRS FLUTEERESY 1 42 v A B 2 B il R R 7 T
AR A AL, 7K ST I 4 375 A 2 el i S A 2 ) ) A 38K
B,

SR, HETEN XA 30 1 9 5 ML K ) i
BRI L = AR ER R HEAE R B
PN 3 R /K S By A 5 BT 58 B — By 0 R
IR —E RO A AE K S V) #9415 )
HER S IR G AR E T2 R 4t B AL AR )
H AT E P A 40 MPa 7K 53 D) 1 151 24 10 Al 2 i 5

BIHUAE ) B D) B TR AR o S 1, PR Bl L 24 T
M, ERE T 28 4%, T 2 G R, e 545 )2 A5 T A
RCIRAR A R R e e R, R, 75 20 A v
FE (100 MPa) ZK S VI AR BLE R A | B3 D) H)
AR — IR B E A s 1Kk E, EHER
FHER 0T BUE BT L 00 F LR G T B, h R
100 MPa i = K SR MBI R T2 HA iR
BeAE T 0 o, DR R, D) E SRR, I H 28
£ 220108 TARTHRE G4 30 1K FBG L

1 BEEKSRIIBESELE

EEXT 100 MPa 8 =5 H 7K S 3 1) 51 S0 25 1A i 7%
Hh SRR X 2 i o TR AE B B TR PN 7 AR e AR
FHCEL D) 0 fih DX B 5 A B AT VI AR 20, Bl
SR et (A A PR AR B D) R ) A AR
3tV T st ok M FH 2 78 4 fol T 7= A R 4 — A R
FH B R T R 80 A 5 e, e oA AR v
oy ) AR ) 2 AR TR,

14

A
e DU T
FgHER e

MR i
R e

BL R K ) B e R B R 3
Fig. 1 Sketch of ultra-high pressure water jet cutting coal and

rock mass
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Fig.2  Schematic diagram of composite stress-induced
dynamic disaster in mining area
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Fig.3 Schematic diagram of composite dynamic disaster model

weakened by ultra-high pressure water jet

BEA S BN DT T s HK S ORI A 7
RS2 B 5 3 BN R, 5 B T 7 A
JS7 3 BUIH g A S B8 R BT e R AR
PREE R IR LA DA TG A e IR 2R it i 14 K | 2 it i
AHE GO I S sk I A RE B ARAH N 32 17 , V) ) 4 A J)
MM T AR A IR, EARS i R, TR
g R KR URAE AL IR K AR A T 38 A B SR Ak 1)



1274 #H 2

2021 455 46 4

P2 PR RS B A KA Bl B BT ) 2 BtiE
iR AR R B AR AT
A 2 25 BU I 0 U0 R S R R R, S i SR R AR
T, Rl R SR Al BRI B BRI 2 S
(3 J1 K EFRSE

3 BEEKSRVIZEER

Ry SIS X R AR %) 1) S Al
G T S8, A d AH BB A BE L ] B i) 7K D8
(0.5 mx0. 5 mx0. 5 m) {0, AKPeik B B 29
B )2 280000 5 T AR IO () 58 B SR, S50
BLELSEOLEE 1,

R1 BREMBBLL S

Table 1 Proportioning parameters of coal and rock

materials kg
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Fig. 4  Slotting depth under 70 MPa and 80 MPa water jet

pressure
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Fig. 5 Slotting depth under 90 MPa and 100 MPa water

jet pressure
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Table 2 Mechanical parameters of strata
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LB s 43.75 5.78 2 700 12.70 7.62 9.50 35.5
hibs 41.05 4.26 2 650 5.63 2.90 7.80 40.3
it 45.80 3.45 2 540 12.79 10. 82 5.50 35.0
A 18. 80 1.29 2 430 3.71 1.33 2.52 29.7
11 12.50 0.83 1 390 2.78 1.00 1.65 25.3
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Fig. 6 Maximum principal stress distribution with different
distance between drillholes
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Fig. 7 Gas pressure distribution after pressure relief and

extraction under different slit spacing
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Fig. 8 Stress distribution diagram between bores with

different slits
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Fig. 11 High pressure water jet cross-cutting coal seam schematic of 220108 working face
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