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GRA-VIKOR Evaluation Model of Water Inrush Risk in Coastal Gold Mines Based on Moment Estimation Theory
XIANG Yun, CAO Ming
(Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China)

Abstract:In response to the randomness and fuzziness of water inrush risk in coastal gold mines, as well as the complex
correlation among evaluation indicators, a GRA-VIKOR evaluation model of water inrush risk in coastal gold mines based on
moment estimation theory was established to make the risk assessment more scientific. Firstly, 10 typical influencing factors
were selected from two aspects of engineering geology and hydrogeology, and an evaluation indicator system was constructed.
Secondly, four single weighting methods, namely IAHP method, G1 method, EM method, and I-CRITIC method, were used
to calculate the subjective and objective weights of the indicators. Based on moment estimation theory, the integrated
optimization method of subjective and objective weights was improved. According to the GRA-VIKOR principle, the risk status
of water inrush was analyzed and determined by calculating the comprehensive evaluation values. Finally, the model was applied
to the risk assessment of water inrush in 9 middle sections of a gold mine in Shandong Province, the risk level and ranking of
water inrush in each middle section were determined. The results indicate that the evaluation results of the model are accurate
and reasonable, in line with reality, and can provide reliable ideas for the risk evaluation of water inrush in coastal gold mines
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Fig.2 Implementation process of water inrush risk assessment for coastal gold mines based on GRA-VIKOR
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Table 2 Normalized values of indicator data for the objects to be evaluated

T#ﬂzxff% Xn X1z X3 X1 X2 X2 X3 X X5
P, 0.324 6 0.400 8 0.369 7 0.285 2 0.402 3 0.253 2 0.579 8 0.253 6 0.130 1 0.026 7
P, 0.350 6 0.276 5 0.305 2 0.190 1 0.377 2 0.030 3 0.226 3 0.397 1 0.070 6 0.083 2
P 0.344 8 0.357 6 0.149 2 0.342 3 0.364 6 0.413 2 0.215 0 0.340 1 0.263 4 0.183 2
P, 0.310 5 0.333 4 0.413 8 0.228 2 0.364 6 0.856 1 0.188 1 0.372 1 0.191 3 0.322 1
P 0.289 9 0.326 8 0.318 8 0.380 3 0.352 0 0.034 3 0.223 4 0.253 1 0.526 8 0.357 4
Ps 0.356 5 0.314 5 0.374 8 0.380 3 0.276 6 0.067 8 0.038 2 0.469 1 0.054 9 0.332 1
Py 0.349 5 0.288 8 0.339 2 0.418 3 0.276 6 0.028 2 0.209 3 0.272 1 0.482 9 0.272 9
Pg 0.319 1 0.335 1 0.351 3 0.380 3 0.276 6 0.072 8 0.656 2 0.094 0 0.545 6 0.432 5
Py 0.348 3 0.350 4 0.310 3 0.323 2 0.276 6 0.139 9 0.072 1 0.396 1 0.246 2 0.596 3
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Table 3 Weight results of Indicators under

different weighting modes

b B SR £ B
IAHP ¥ Gl ¥ EM #:  ICRITIC 3 MEI72
X1 0.103 6 0.036 4 0.068 9 0.016 8 0.038 1
X2 0.063 8 0.125 9 0.095 1 0.022 5 0.044 2
X3 0.126 2 0.104 9 0.117 1 0.050 1  0.034 1
X1 0.102 8 0.058 3 0.078 1 0.052 3 0.022 8
X1 0.047 2 0.019 2 0.230 9 0.037 4 0.098 8
X2 0.185 7 0.274 1 0.051 7 0.273 4 0.104 9
X2 0.089 6 0.084 8 0.076 2 0.178 8 0.048 0
X 23 0.182 3 0.161 2 0.062 1 0.084 9 0.058 1
Xz 0.042 3 0.064 5 0.147 1 0.154 1  0.056 9
X5 0.056 5 0.070 7 0.072 8 0.129 7 0.032 3
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Fig.3 Comparison of indicator weight results
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FebrJE MR AL B F5 AR 1 LA B AR IR AE A 0.856 1,0.656 2,0.094 0,0.054 9,0.596 3)
£1=(0.356 5,0.400 8,0.149 2,0.418 3,0.402 3, () WHEIERIERCE RS, MR Q5) MmE
0.028 2,0.038 2,0.469 1,0.545 6,0.026 7) 2 FEBRECAE AT RIS bR S IE | B AR 1) 38 b K (8 %

f=1(0.289 9,0.276 5,0.413 8,0.190 1,0.276 6, B R R RS R L 4,

R4 ERNEAKRBXEKRY

Table 4 Positive and negative grey correlation coefficients of indicators

%ﬂrg XII XIZ X].i XH XIB XZ] XZZ X23 XZ'I XZ:'V
e 0.960 9 1.000 0 0.736 0 0.841 8 1.000 0 0.648 1 0.521 0 0.719 1 0.592 3 1.000 0
0.992 6 0.848 0 0.797 5 0.756 4 0.963 5 0.995 0 0.758 0 0.884 6 0.559 5 0.922 2
0.985 3 0.941 4 1.000 0 0.903 0 0.946 2 0.518 2 0.769 2 0.810 5 0.681 4 0.810 5
0.944 6 0.911 0 0.699 0 0.788 4 0.946 2 0.333 4 0.797 1 0.850 5 0.630 1 0.693 9
0.921 7 0.903 6 0.783 7 0.949 0 0.929 5 0.986 1 0.760 7 0.718 6 0.969 8 0.669 4
1.000 0 0.889 4 0.731 5 0.949 0 0.840 6 0.912 8 1.000 0 1.000 0 0.551 5 0.686 9
0.991 1 0.861 0 0.763 9 1.000 0 0.840 6 1.000 0 0.774 9 0.736 9 0.905 9 0.731 2
0.954 5 0.913 4 0.752 8 0.949 0 0.840 6 0.902 8 0.488 0 0.595 3 1.000 0 0.622 7
0.989 7 0.932 3 0.792 3 0.881 7 0.840 6 0.787 6 0.945 5 0.883 1 0.668 4 0.540 4
e 0.957 7 0.848 0 0.933 0 0.881 7 0.840 6 0.407 1 0.885 2 0.775 7 0.889 1 0.540 4
0.928 1 1.000 0 0.849 9 1.000 0 0.868 3 0.334 0 0.578 1 0.645 5 0.974 7 0.566 2
0.934 6 0.895 2 0.699 0 0.823 2 0.882 8 0.483 2 0.571 7 0.691 6 0.743 2 0.618 5
0.974 4 0.924 7 1.000 0 0.949 0 0.882 8 1,000 0 0.557 2 0.664 9 0.815 7 0.709 5
1.000 0 0.932 3 0.866 1 0.788 4 0.897 8 0.335 0 0.576 5 0.776 3 0.561 2 0.737 1
0.921 7 0.948 0 0.940 3 0.788 4 1.000 0 0.344 4 0.488 0 0.595 3 1.000 0 0.717 0
0.929 4 0.982 5 0.891 7 0.756 4 1,000 0 0.333 4 0.568 6 0.756 1 0.585 1 0.674 3
0.964 1 0.922 1 0.907 3 0.788 4 1.000 0 0.345 8 1,000 0 1.000 0 0.551 5 0.803 4
0.930 7 0.903 6 0.855 9 0.841 8 1.000 0 0.366 3 0.502 1 0.646 2 0.759 3 1.000 0
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o ) . Ps 0.561 0 0.110 9 0.566 9
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Table 7 Comparison of evaluation results of different models
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Table 8 Risk ranking results of different decision mechanism coefficients

RS Ol . BT AR I 8,

[ERaa v=0.1 v=20.3 v=0.5 v=0.7 v=0.9
ES Qi HEP Qi HEP Qi HEP Qi HEP Qi HF
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Table 9 Evaluation results
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