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Improved vulnerability index method for evaluating water
inrush from the floor of coal seam
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Abstract; Entropy weight method is used aiming at improving the traditional AHP vulnerability index method
in weight-determination process. The objective weight value calculated by the entropy weight method and the
subjective weight value calculated by the AHP ( Analytic Hierarchy Process) method are weighted average.
The weight proportion of each main control factor inducing water inrush is determined synthetically. Using GIS
( Geographic Information System) to establish and normalize the thematic maps of main control factors, after
the comprehensive hydrogeological data analysis of Changping coal mine was carried out. The weight of each
main control factor is determined using the improved AHP vulnerability index method based on GIS. The risk
assessment model of Ordovician limestone water inrush in No. 3 coal seam of the West Mine is established.
The threshold is determined by natural breaks classification method, and the study area is divided into 5
regions according to the relative size of water-inrush risk. The evaluation results are consistent with actual
situation and have important practical significance for coal-mine safety production.
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Fig.1 The hydrogeological generalization model
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Fig.2 The thematic maps of main control factors
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Fig.3 The hierarchical model
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Table 1 The judgment matrix A —Bi(i=1~3)

A Bl B2 B3 W(A/Bi)
Bl 1 3/2 2 0.461
B2 2/3 1 4/3 0.308
B3 172 3/4 1 0.231

Ay =3.000 CR=0<0.1

®2 FIHERE BL-Ci(i=1-~2)
Table 2 The judgment matrix B1 —-Ci(i=1~2)

Bl Cl c2 W(B1/Ci)
Cl1 1 372 0. 600
Cc2 2/3 1 0. 400

Ay =2.000 CR=0<0. 1

x3 HEFEMKEB2-Ci(i=3~5)
Table 3 The judgment matrix B2 - Ci(i =3 ~5)

B2 c3 c4 cs W(B2/Ci)
c3 1 3/2 1 0.375
c4 2/3 1 2/3 0. 250
s 1 3/2 1 0.375

A, =3.000 CR=0<0.1
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Fig.4 The unit diagram of entropy weight method
(#£6),
x5 BWEIRBETHBEER
Table 5 Entropy weight method for partitioning unit data tables
a1 IX WIRGKE  BIKEGKEEKE,  ERIEKE s 7K )22 B W7 )2 ot 1 4 7%+ W 2
i JK &/ MPa (Les™'em™") JEJE/m HAVEEE/m 2 A B/ A T A/ km? K/ km
1 5.71 1.05 98. 05 39. 58 0 0.014 0.132
2 5.37 0.99 92.15 33.43 2 0.050 0. 460
3 5.52 1.15 100. 51 48. 98 6 0.030 1.439
4 5.25 0.98 92.50 34. 66 1 0. 037 1.333
5 5.24 0.95 106. 42 42.39 2 0.020 2.238
6 5.38 1.25 99. 61 34.32 9 0.079 1.038
7 5.10 1.05 92. 12 30.22 5 0. 046 0.430
8 5.12 0.93 96. 34 35.36 0 0.047 0
9 5.12 1.09 100. 11 35.02 4 0.021 0.286
10 4.93 1.08 95.38 32.11 6 0.016 0.852
11 4.45 0.90 91.55 31.97 6 0.022 0.222
12 4.61 1.01 98. 05 33.67 4 0.043 0.523
13 4.25 1.08 94. 54 32.04 6 0.026 0.394
14 4.31 0.82 88. 33 33.36 6 0.056 0.200
15 4.28 0.61 96.77 31.40 2 0.017 0. 067
16 4.12 0.84 95.36 32.84 1 0.025 0.501
17 3. 81 0.52 86. 21 28.35 2 0.034 0.107
18 4.04 0.09 94. 89 28. 86 1 0. 080 1.231
19 3.87 0.44 93. 62 30.32 1 0.062 0.050
20 3.61 0.42 78. 06 23.29 2 0.025 0.349
21 3.73 0.15 89. 51 28.83 14 0.029 2.028
2 3.48 0.33 83.94 30.76 8 0. 064 0.651
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Table 6 The weight table of main control factors
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AHP ¥ 3 WAL E 0.277 0. 184 0.139 0.092 0.077 0.116 0.116
B % A B 0.198 0. 194 0. 094 0. 093 0.119 0.138 0. 165
LEA AR 0.351 0.228 0. 084 0. 055 0. 059 0.102 0.122
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