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Abstract 
Affected by many involved factors, different dimensions, data with large difference, incomplete 
information and so on, the most optimal selection of regional outburst prevention measures for 
outburst mine has become a complicated system project. The traditional way of outburst preven-
tion measure selection belongs to qualitative method, which may cause high-cost of gas control, 
huge quantities of drilling work, long construction time and even secondary disaster. To solve the 
above-mentioned problems, in light of occurrence status of coal seam gas in No. 21 mining area of 
Jinzhushan Tuzhu Mine, through grey fixed weight clustering theory and a combination method of 
qualitative and quantitative analysis, the judging model with multi-objective classification for op-
timization of outburst prevention measures was established. The three weight coefficients of out-
burst prevention technology scheme are sorted, in order to determine the advantages and disad-
vantages of each outburst prevention technology scheme under the comprehensive evaluation of 
multi-target. Finally, the problem of quantitative selection for regional outburst prevention tech-
nology scheme is solved under the situation of multi-factor mode and incomplete information, 
which provides reasonable and effective technical measures for prevention of coal and gas out-
burst disaster. 
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Measures 

 
 

1. Introduction 
China is not only the country with the highest coal production from underground mining in the world, but also 
the main coal production country with the highest percentage mines with high gas and coal-gas outburst [1]-[3]. 
With the sustained growth of energy demand, depth of coal mining, coal output, intensive production, mining 
intensity and gas outburst disaster, it has increased along with the continuous development of underground min-
ing [4] [5]. As a result of the increasing demand for energy especially coal, most mines in China have entered 
into deep mining with a speed of 20 - 50 m/a [6] [7]. With the increase of mining depth, gas pressure and gas 
content, coal and gas outburst disasters are on the acceleration. Meanwhile, China has become the country with 
the most serious disasters of coal-gas outburst in the world. Through decades of theoretical research and engi-
neering practice, the “four-in-one” comprehensive outburst prevention measure has been formed, which greatly 
enhanced the security of outburst coal seam mining [8] [9]. Regional outburst prevention measures include pre- 
drainage coal seam sector gas by surface drilling, pre-drainage coal seam sector gas by layer-through boring in 
floor roadway, pre-drainage coal seam sector gas by drilling along seam, pre-drainage coal roadway strips gas 
by layer-through boring, pre-drainage region gas when rock cross-cut coal uncovering by layer-through boring, 
pre-drainage gas in mining region by layer-through boring, pre-drainage gas in mining region by drilling along 
seam and so on [10]-[15]. On this basis, for the coal seam group mining, a variety of gas pre-drainage measures 
have evolved such as progressive bands with layer-through boring in floor roadway combined with pre-drainage 
area gas or strips gas by drilling along seam. During the traditional selection of regional outburst prevention 
measures, chief engineer of mining company chooses one of the feasible solutions and then approves to imple-
ment it. Due to the limitation of personal preference and knowledge level of chief engineers, the final imple-
mentation plan is not necessarily the best one. It has been found that there are still mine outbursts after the im-
plementation of outburst prevention measures and there are also other disasters during the implementation 
process. Therefore, according to the fixed weight method of grey theory, for gas occurrence condition of specific 
areas, optimizing the preliminary feasible scheme with the multi-objective of the pre-drainage drilling quantities, 
drilling time, capital investment of gas control, the comprehensive cost of gas treatment and the control ability 
of secondary disasters will be important for outburst prevention and disaster reduction. 

2. Project Overview and Preliminary Plan 
2.1. Overview of No. 21 Mining Area of Tuzhu Mine  
According to geological data, the No. 21 mining area is located in the middle of the southeastern wing of Qiao-
touhe syncline in Jinzhushan Tuzhu Mine. The mining area, from 26th exploration line in the west to 200 meters 
east to 29th exploration line in the east, with the strike length of 1350 meters，dip length of 800 meters, covers a 
total area of 1080 square meters. The upper level of mining is −50 meters and the lower level is −250 meters. 
The mining area contains seven coal seams named the 1st, 2nd, 3rd, 4th, 5th, 6th and 7th coal seam, respectively. 
The 5th coal seam is the main mining coal seam, 2nd, 3rd and 4th coal seams could be exploited partly, while 
1st, 6th and 7th couldn’t be exploited. 

2.2. Preliminary Plan for Regional Outburst Prevention Measures of No. 21 Minging Area 
1) Plan I: Pre-drainage gas in 5th coal seam by lots of crossing holes in floor roadway  
That includes laying out one or two rock roadways in depth of 20 - 25 meters in the 5th coal seam floor within 

the No. 21 mining area, then constructing a drilling site every 50 meters in the rock roadway and lastly drilling 
holes in grid-style from bottom to top, as shown in Figure 1. 

2) Plan II: Pre-drainage gas in the 5th coal seam by layer-through boring bands in floor roadway combined 
with drilling along seam 

It includes laying out floor rock roadway in depth of 20 - 25 meters in the 5th coal seam floor within the No. 
21 mining area, then constructing a drilling site in the rock roadway and lastly constructing grid-style crossing  
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Figure 1. Sketch of crossing holes with grid-style layout in floor roadway. 

 
hole to coal roadway, striving to eliminate the danger in coal roadway and its surrounding coal in a relatively 
short time by gas pre-drainage. Thus, it can be seen that gas pre-drainage by stripe drilling hole in floor rock 
roadway serve for tunneling of coal roadway, as shown in Figure 2. 

3) Plan III: Progressive shielding gas pre-drainage in coal roadway 
That includes constructing crossing hole in floor of 5th coal seam of No. 21 mining area to carry out striped 

gas pre-drainage for haulage roadway and return airway of 5th seam in the beginning; and then carrying out 
stripe regional gas pre-drainage for haulage roadway or return airway in 4th coal seam sector after the checksum 
meets the requirements. After the pressure meets the requirements of Outburst Prevention Regulations, con-
structing crossing hole in haulage roadway or return airway in 4th coal seam sector to carry out striped gas 
pre-drainage haulage roadway or return airway in 3th coal seam sector. After the pressure meets the require-
ments of Outburst Prevention Regulations, constructing crossing hole by the same method to carry out striped 
gas pre-drainage No. 2 coal seam (see Figure 3). 

2.3. Calculation of Optimizing Parameters in Schemes 
According to the above-mentioned three outburst prevention schemes on the No.21 mining area of Tuzhu mine, 
the performance computing of the three schemes are carried out from drilling work, construction time, invest-
ment of outburst prevention, gas control cost and prevention of secondary disasters, in order to optimize the 
most real data. According to the geographic features, the drilling length toward trending direction is 1390 meters 
and the drilling length toward the inclination is 840 meters (see Table 1). 

3. Classification Models of Optimized Objects 
3.1. Mathematical Description  
The relative merits of regional outburst prevention solutions can be set as first class (best), second class (better) 
and third class (bad). Those three classes should be regarded as 3 standard modes, and outburst prevention solu-
tions can be regarded as recognized objects, and their relative ownership can be finally determined by analyzing 
relative classification corresponding to 3 standard modes. As relative merits of regional outburst prevention so-
lutions affected by several factors, it is a multi-factor recognition problem. Combined with the basic principles 
and basis of outburst prevention solutions, the property of judgments target for outburst prevention solutions 
will be grouped into 5 kinds of impact indicators including the total gas drilling work, construction time, in-
vestment of outburst prevention, gas control cost and prevention of secondary disasters. The standard modes are 
viewed as grey ( )1,2,3nK n = . ( )1,2,5; 1,2, ,5ijX i j= =   is set as the sample value of target i with regard to in- 
dex j. ( )( )1,2, ,5; 1,2,3k

jF j k⋅ = =  is set as Whitening weight function of decision-making index to k subclass.  
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Figure 2. Drilling layout for intensive crossing hole and striped pre-drainage 
in floor rock roadway. 

 

 
Figure 3. Drilling layout for progressive shield-style gas pre-drainage. 

 
Table 1. Economic efficiency comparison of preliminary scheme of comprehensive outburst prevention in No. 21 mining 
area of Jinzhushan Tuzhu mine. 

Outburst prevention 
schemes 

Drilling work 
(105 m) 

Construction time 
(103) 

Investment 
(106 yuan) 

Gas control cost 
(yuan/t) 

Prevention of  
secondary disasters 

Scheme I 14.95 24.92 52.33 63.39 Average (75) 

Scheme II 13.54 13.54 20.31 53.29 Better (80) 

Scheme III 15.15 15.16 22.74 82.56 Good (95) 

 
Here, function ( )1,2,3,4,5;  1, 2,3k

j j kη = =  of index j to k subclass is nothing with k. Namely, there is always 
1 2k k

j jη η=  to any { }1 2, 1, 2,3k k ∈ , then the superscript could be omitted. It can be noted as ( )1,2,3, 4,5j jη =   

and be defined as ( )
5

1

k k
i j ij j

j
f xσ η

=

=∑ , which is the grey fixed weight clustering coefficient of outburst preven-

tion with regard to i to k grey class. If { }
1 3
maxk k

i ik
σ σ

∗

≤ ≤
= , the target i can be judged to belong to grey class k∗ . 

3.2. The Division of Grey Classes 
The grey classes of the outburst prevention solutions for the No. 21 mining area can be divided into three classes, 
namely, best, better and bad. According to observations of each index, the standard gray classes of three levels 
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can also be determined as shown in Table 2. 

3.3. Determination of Whitening Weight Function 
The first four of 5 indexes belong to cost variables, and the last index belongs to effective variables. To make 
calculation simple and the problem clear, the indexes and grey classes should be numbered. The whitening 
weight function with regard to j index to k subclass ( )( )1,2, ,5;  1, 2,3k

jF j k⋅ = =  can be expressed as follows 
(see Figure 4 and Table 3): 
 
Table 2. Division of grey classes for preliminary regional outburst prevention solutions of No. 21 mining area in Jinzhu-
shan Tuzhu mine. 

Grey class Drilling work 
(105 m) 

Construction time 
(103) 

investment 
(RMB 106) 

Gas control cost 
(Yuan/t) 

Prevention of secondary 
disasters (%) 

Best (I) 7.5 8.9 15.9 33.2 126 

Better (II) 15 17.8 31.8 66.4 84 

Bad (III) 22.5 26.7 47.7 99.6 42 

 
Table 3. Whitening weight function ( )k

jf ⋅  list with regard to j index to k subclass. 

Evaluation index ( )1
jf ⋅  ( )2

jf ⋅  ( )3
jf ⋅  

Drilling work (105 m) ( )1
1 , ,7.5,15f − −  ( )2

1 7.5,15, ,22.5f −  ( )3
1 15,22.5, ,f − −  

Construction time (103 days) ( )1
2 , ,8.9,17.8f − −  ( )2

2 8.9,17.8, ,26.7f −  ( )3
2 17.8,26.7, ,f − −  

Total investment (RMB 106) ( )1
3 , ,15.9,31.8f − −  ( )2

3 15.9,31.8, ,47.7f −  ( )3
3 31.8,47.7, ,f − −  

Control cost (Yuan/t) ( )1
4 , ,33.2,66.4f − −  ( )2

4 33.2,66.4, ,99.6f −  ( )3
4 66.4,99.6, ,f − −  

Prevention of secondary disaster (%) ( )1
5 84,126, ,f − −  ( )2

5 42,84, ,126f −  ( )3
5 , ,42,84f − −  

 

 
Figure 4. Whitening weight function with regard to j index to k subclass. 
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1) Whitening weight function I 
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2) Whitening weight function II 
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3) Whitening weight function III 
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( ) ( ) ( ) ( )

0 0, 4

1 0, 3

4
3 , 4
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4. Calculation of Fixed Weight Clustering Coefficient  
4.1. Determination of Clustering Weights 
According to the available information of Tuzhu mine, weights of drilling quantities, construction time, invest-
ment, gas control cost and prevention of secondary disaster are identified by project team and technical person-
nel of mine as: η1 = 0.1512, η2 = 0.1512, η3 = 0.1441, η4 = 0.4094, η5 = 0.1441. 

4.2. Calculation of Clustering Coefficient 
It can be calculated from formula 1: when i = 1 and k = 1, 2, 3, 

( ) ( ) ( )

( ) ( ) ( )

5
1 1 1 1
1 1 2

1

1 1 1
3 4 5

14.95 0.1512 24.95 0.1512

52.33 0.1441 63.39 0.4094 75 0.1441
14.95 7.5 63.39 33.20.1512 0 0 0.0.4094

7.5 33.2
0.5224.

j ij j
j

f x f f

f f f

σ η
=

= ⋅ = × + ×

+ × + × + ×

− −
= × + + + ×

=

∑

 

when i = 1 and k = 2,  

( ) ( ) ( )

( ) ( ) ( )

5
2 2 2 2
1 1 2

1

2 2 2
3 4 5

14.95 0.1512 24.95 0.1512

52.33 0.1441 63.39 0.4094 75 0.1441
14.95 7.5 24.95 17.8 75 420.1512 0.1512 0 1 0.4094 0.1441

7.5 17.8 42
0.7333.

j ij j
j

f x f f

f f f

σ η
=

= ⋅ = × + ×

+ × + × + ×

− − −
= × + × + + × + ×

=

∑
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when i = 1 and k =2, 

( ) ( ) ( )

( ) ( ) ( )

5
3 3 3 3
1 1 2

1

3 3 3
3 4 5

14.95 0.1512 24.95 0.1512

52.33 0.1441 63.39 0.4094 75 0.1441
14.95 7.5 0.1512 1 0.1512 1 0.1441

7.5
63.39 33.2 75 420.4094 0.1441

33.2 42
0.9309.

j ij j
j

f x f f

f f f

σ η
=

= ⋅ = × + ×

+ × + × + ×

−
= × + × + ×

− −
+ × + ×

=

∑

 

So,  

( ) ( )1 2 3
1 1 1 1, , 0.5224,0.7333,0.9039σ σ σ σ= =  

It also can be calculated that,  

( ) ( )1 2 3
2 2 2 2, , 1.000,0.6187,0.6324σ σ σ σ= = ,  

( ) ( )1 2 3
3 3 3 3, , 0.7977,0.6330,0.8532σ σ σ σ= = . 

4.3. Clustering Analysis 
Every preliminary outburst prevention solutions corresponding to k class has a relevant clustering coefficient. In 
clustering coefficients, the level corresponding to the coefficient with the largest value is the one that clustering 
samples belong to. According to above results, the grey clustering coefficient matrix can be expressed as fol-
lows: 

( )
1 2 3
1 1 1
1 2 3
2 2 2
1 2 3
3 3 3

0.5224 0.7333 0.9039
1.000 0.6187 0.6324
0.7977 0.6330 0.8532

k
i

σ σ σ
σ σ σ σ

σ σ σ

   
   = =    
     

∑  

It can be inferred from the above-mentioned grey fixed weight clustering matrix that  
{ } 3

1 11 3
max 0.9039k

k
σ σ

≤ ≤
= = , { } 1

2 21 3
max 1.000k

k
σ σ

≤ ≤
= = , { } 3

3 31 3
max 0.8532k

k
σ σ

≤ ≤
= = . Judging from the comprehensive  

evaluation results of drilling work, construction time, investment, gas control cost and prevention of secondary 
disaster in the preliminary outburst preventions of No. 21 mining area, the second solution is the best, the first is 
better, while the third one is relatively poor.  

Thus, the second regional outburst prevention solution would be implemented in the Tuzhu Mine, namely, the 
outburst prevention technology of floor layer-through strip combined with drilling along coal seam mode would 
be carried out in the No. 21 mining area. 

5. Implementation Effect 
To investigate the implementation effect of regional outburst prevention solution in No. 21 mining area of Tuz-
hu Mine, the 1# and 2# boreholes were drilled at 4# and 6# drilling site in floor roadway to observe the gas pres-
sure relief effect in No. 5 coal seam. The installation of pressure monitoring hole is as shown in Figure 5 in or-
der to detect regional gas pressure relief after the implementation of the scheme II. 

The inspection time lasted from March 1 to March 31, 2012. Data was collected once every four days from 
each pressure gauge. As shown in Figure 6, the gas pressures of 1# and 2# boreholes in 6# drilling site were 1.2 
MPa in the first observation. After the gas drainage last 18 days, the coal seam gas pressure dropped below 0.74 
MPa specified in Regulations on Prevention and Control of Coal and Gas Outburst, while the gas pressures of 
1# and 2# boreholes in the 4# drilling site were 1.5 MPa and 1.4 MPa respectively in the first observation, and the 
gas pressures of 1# and 2# boreholes dropped below the requirement of Regulations on Prevention and Control 
of Coal and Gas Outburst after 25 days and 28 days respectively. 
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Figure 5. Drilling hole installation for relief effect test in the 
No. 21 mining area. 

 

 
Figure 6. Variation curve of boreholes gas pressure in 6# and 4# drilling site. 

6. Conclusions 
There are many kinds of regional outburst prevention measures. How to choose the correct regional outburst 
prevention measures is important for the normal replacement of working face, the decreasing the drilling quanti-
ties of outburst prevention and saving the cost of outburst prevention. In light of occurrence status of coal seam 
gas in No. 21 mining area of Jinzhushan Tuzhu mine, through grey fixes weight clustering theory and a combi-
nation method of qualitative and quantitative analysis, the judging model with multi-objective classification for 
optimization of outburst prevention measures is established.  

In particular, the three feasible preliminary regional outburst prevention measures are stated as follows. The 
first is pre-drainage gas in 5th coal seam by lots of crossing holes in floor roadway; the second is pre-drainage 
gas in the 5th coal seam by layer-through boring bands in floor roadway combined with drilling along seam and 
the third is progressive shielding gas pre-drainage in coal roadway. Optimized objects are drilling work, con-
struction time, investment of outburst prevention, gas control cost and prevention of secondary disasters. 

The results show that the second measure is the best, the first is better, while the third one is relatively poor. 
Based on the application effect, the unloading speed of second measure is quick, the unloading time is short. It 
provides a powerful guarantee for the normal replacement of coal mining working face.  
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