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CU% 1 INTRODUCTION

> OB occurrence is very serious in China
> 1950.5.2, first recorded in China

> 11975.8.8, the largest OB in China: 12780t of
coals 1.4 M m3of CH,

> Marjory OB: CH, & Coal

> Minarity OB: CO, & Rock, 1050t of rocks
240,000 m2 CO,
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Number of OB occurrence in state-owned coal mines

In China from 1950 to 2000

EEEHEAEY HER

[ -]
[ -]
[ -]
. 1 -
1 -
. 1 =
I I W D
z.6T &
A 06T
m 896T
996T
v96T
296T
096T
= 8G6T
9G6T
vG6T
2S6T
0S6T

tH

4 500
200
K 100

K 400
& 300

X

/



CU% 1 INTRODUCTION

Categories of OB occurrence: coal & gas bursting, coal
bursting due to stress and gravity, rock bursting
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CU%ZGENERAL UNDERSTANDING OF GB

1 OB VS Mining Depth

lhe depth occurred ©OBIn Chinais from 50 te 600 m, different
N Various areas.
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U%ZGENERAL UNDERSTANDING OF OB

2 OB Is associated with geological structures (faults, folds,
volcanic rock intrusion and variation of coal seams such as
thickness, dip and orientation) and structural stress




CU%ZGENERAL UNDERSTANDING OF GB

3 In the zone of overlapping stress due to face and roadway
extraction, OB risk is higher.
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CU%ZGENERAL UNDERSTANDING OF GB

4 The higher gas pressure, the higher OB risk.

5 OB vs mining methods, shotfiring Is the most risky.
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CU%ZGENERAL UNDERSTANDING OF GB

6 Precursors of OB occurrence

> Audio- and non audio- precursors prior to OB occurrence
> Audio precursors include cracking, thundering etc

> Non audio- precursors include weighing of supports, rib and face
cracking and falling, borehole heavily deforming, gas emission
variation, irregular beddings, bursting while drilling, coal
softening, coal dust increasing, etc.



CU% 3 OBICASE

Oct. 20, 2004, an OB and resultant gas
explosion in Daping Mine in Zhengzhou.




CU%ZL OB PREDICTHONAND CONNTROL
(GUIDELINE)

1 Implementation Procedures
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CU%ZL OB PREDICTHONAND CONNTROL
(GUIDELINE)

2 Regional OB Prediction
Single Index

~

Coal Initial Coal Seam gas
Index damage desorption strength pressure
classifications rate of coal coefficient
(mmHQg) f (MPa)
Threshold I, 1V, Vv = 1) <0.5 >0.74
Composite (0.0075H
Index
K
D
Anthracite Other. coals
=0.25 220 (( =215
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CU%ZL OB PREDICTHONAND CONNTROL
(GUIDELINE)

3 Coal face OB Prediction
Cross measure roadway - coal/rock face

s Composite Index;

» Coal Cuttings Desorption Index (Ah,, Ky)

Threshold \Values

Ah, (Pa) K, (mL/g.min?)
Dry coal: 200 0.5
\Wet coal: 160 0.4
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C%ZL OB PREDICTION AND CONTROL
(GUIDELINE)

3 Coal face OB Prediction

Inseam roadways - coal face
a) Initial gas flow rate from borehole (q):

Threshold value (q,.,)
Coal volatility V(%) 5-15 15~-20 | 20~30 >30

0, (L/min) 5.0 4.5 4.0 4.5

b) R Index (R,=6)
c) Coal cutting index

Threshold value of coal cutting index
Ah, S Ky

maxX

(Pa) kg/m L/m " (mL/g:mint?)
200 6 5 SNE 205



CU%ZL OB PREDICTHONAND CONNTROL
(GUIDELINE)

4 OB Prevention Measures (Regional/Local)
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CU%ZL OB PREDICTHON AND CONTROL
(GUIDELINE)

5 Safety Protection Measures

> Shake Shotfiring

> Remote Shotfiring

> Underground Refuge

> Self Rescue System of Compressed Air

> Isolated Aerophore



CU% 5 RESEARCH STATIUS

1 Spherical disk failure theory of OB
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THEORY OF OB OCCURENCE
SPHERICAL DISK FAILURE

Mechanics conditions o OB occUr:ence

(1) Ground stress generates shear failure of coal, then
form cracks in coal
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THEORY OF OB OCCURENCE
SPHERICAL DISK FAILURE

Mechanics conditions o OB occUr:ence

(2) Cracks expand under. gas pressure, then form
spherical disk




THEORY OF OB OCCURENCE
SPHERICAL DISK FAILURE

Mechanics conditions o OB occUr:ence

(3) Spherical disk fails and thrown out under. gas
pressure
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THEORY OF OB OCCURENCE
SPHERICAL DISK FAILURE

Energy Dissipation in @Blinitiation

According to the spherical disk failure theory, the key for
OB to occur Is the gas initial expansion energy.



THEORY OF OB OCCURENCE
SPHERICAL DISK FAILURE

Gas Initial expansion energy
Measuring Apparatus




THEORY OF OB OCCURENCE
SPHERICAL DISK FAILURE

Jestvalidationiefispherical diskfailure theory

OB In the
test




THEORY OF OB OCCURENCE
SPHERICAL DISK FAILURE

Jestvalidation ofispherical diskifalure theory: (1)

Spherical
disks




THEORY OF OB OCCURENCE
SPHERICAL DISK FAILURE

Jestvalidation ofispherical diskifalure theory: (2)

Through
Increasing the
alr. pressure in

the model

tunnel to
prevent
spherical disk
from failure,
OB can” t
OCCcUr.




THEORY OF OB OCCURENCE
SPHERICAL DISK FAILURE

Jest validation'efisphencal disk failure theory: (3)

Delayed- OB
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THEORY OF OB OCCURENCE
J\ SPHERICAL DISK FAILURE

lestivalidation efispherncal diskifailure theory: (4)

The test results

(OB or Non_ OB) 4 i—‘ A
can be classifified D

IRk 2

Dy the parameters ey iiim——"

of gas initial i

expansion energy
and thickness of 3

soft coal
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THEORY OF OB OCCURENCE
SPHERICAL DISK FAILURE

Jestvalidationefisphencal diskifailure theory: (5)

The variation in coal temprature in OB initiation IS measured, the
Increase of temprature near cracks is 50 centigrade degree.

(C )60.00

1200 1600 (s)




CU% 5 RESEARCH STATIUS

2 Regional OB Prediction method

Minimum gas pressure of OB occurrence
- statistically
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CU%‘ 5 RESEARCHISTATIUS

2 Regional OB Prediction method

Minimum gas pressure
of OB occurrence

- statistical data of 26
mining areas In China




CU% 5 RESEARCHISTATIUS

2 Regional OB Prediction method

Detection technigues of geological structures

> radiowave
> SEISmIC
> geologicaliradar,

> Pulse ultraseund



CU%‘ 5 RESEARCHISTATUS

3 Working face OB prediction
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Acoustic Emission method

> In'Nanteng Coal Mine; the
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5 RESEARCH STATUS

3 Working face OB prediction

EmE (Electromagnetic Energy) radiation monitoring
method

— B i Jir
‘.'1= 7| R90
=
E Ll
£ 0
£ 5l 58 ,:
b g 4 B :
_ 570 — .
= 3F §
@ o2b | — *’7
g 1 . J
‘:*-"""‘: 1+t x\x
0 40 50 50 70 80 90 /m

Measurement of EmE, Siand|q during tunnelling




EmE (Electromagnetic
Energy) radiation
monitoering method

> When there s OB risk, EmE
and Its pulse number. are
nigher. (F1g. a)
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CU% 5 RESEARCH STATIUS

3 Working face OB prediction

V30 (Vo) and Ky Indices

> The quantity of gas emission per ton coal in 30 (or
60) minutes afer shotfiring: V5 (Vgo)

> The variation coefficient of gas emission in 30 (or
60) minutes afer shotfiring: K,




CU%“ 5 RESEARCHISTATIUS

3 Working face OB prediction

V30 (Vo) and K Indices

FEH
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CU% 5 RESEARCH STATIUS

3 Working face OB prediction

Nonlinear. characteristics of face gas emission

\When there 1sT OB risk; the multi-fractal Spectra ofiface gas
EMISSION dehisce ebviously.




CU% 5 RESEARCHISTATIUS

4 Regional OB prevention technigue

Mining protective seam- destressing
and increasing permeability

Diagram of protective seam mining in-ﬁ[{i@fu CoaliMine



Mining protective seam- destressing and
Increasing permeability
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U% 5IRESEARCH STATIUS

4 Regional OB prevention technigue

Seam gas drainage in advance
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Gas drainage in advance - coal volume shrinks,
stress reduces, permeability Increases
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Fig. 3 The changing curves of several parameters during the degassing




Gas drainage in advance - coal volume shrinks,
stress reduces, permeability Increases
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CU%‘ 5 RESEARCHISTATUS

5 Local OB prevention technique in coal/rock face

Large diameter. (@500) destressing borehole in coal/rock
face

B 3-4-7 BRZ-1B¥F 5T 4BREHE




CU%‘ 5 RESEARCHISTATIUS

5 Local OB prevention technique in coal/rock face

High pressure water. injection for borehole enlarging

g 3-4-11 mEf%m“ﬂﬁéﬁ



CU% 5 RESEARCHISTATIUS

5 Local OB prevention technique in coal/rock face

Drilling + extraction
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CU%‘ 5 RESEARCH STATIUS

5 Local OB prevention technique in coal/rock face

Slotting + Extraction
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CU% 5 RESEARCH STATUS

5 Local OB prevention technique in cutting face

Hydraulic destressing
ahead of mining face

> lihe coallahead ofithe
face can be destressed
and extruded out.

> the destressed zone .
(
aneadefithefacecan D b
beenlarged: 1 B8
o
o<




cu% 6 KEVISSUES

1 Low permeability coal seams — technigues to
enhance permeability

2 In seam long hole drainage

Effectively remoyve cuttings

Directional drilling Increase

Increase drilling power boreholelength

Minimize outbursting while drilling
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cu% 6 KEVISSUES

3 Continuous monitoring techniques of OB
precursors and OB risk identification technigues

Precursor: gas emission rate (from borehole of face),
EmE, etc.
ldentification: extracting characteristics, Al, etc.

4 Evolution of OB hazards and its minimizing
techniques

Ihe spread mechanism of OB shock wave andigas, Its
Infulence on mine ventilation system, the evoelution

T
pattern ofisecondary diSasters. (K

o s
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