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Identification of mine water inrush source based on PCA-AWOQOA-ELM model
YU Xiaoge'?, LIU Yifei'®, ZHAI Peihe’
(1.Jiangxi College of Applied Technology, Ganzhou 341000; 2. College of Resources, Shandong University of Science and Technology, Taian 271019, China;
3. College of Earth Sciences and Engineering, Shandong University of Science and Technology, Qingdao 266590, China)
Abstract: Mine water inrush is one of the most threatening disasters in the coal mine production process. In order to ensure safe coal mine
production and improve the accuracy of mine water inrush source identification, a water source identification model based on improved
whale optimization algorithm coupling extreme learning machine is proposed. Take Daizhuang Coal Mine as an example, choose Na',
Ca™, Mg2+, Cl, S0~ HCO; as the discrimination index, analyze and extract the main components of the evaluation index based on
SPSS factor analysis. The correlation between the six ions is large, Ca®" and Mg%, Caz+, Mg2+ and SO427, Cl has reached more than 0.7,
and the correlation between SO,%” and CI has also reached 0.68. Through principal component analysis, three principal components have
been extracted, from six-dimensional space to three-dimensional space, while reducing the duplication of information between sample in-
dicators. It also reduces the number of input layers of the limit learning machine and improves the generalization ability of the model for
each type of data. Secondly, Secondly, the chaotic dynamic weight factor and the elite reverse mechanism are introduced to improve the
whale algorithm. The improved whale optimization algorithm overcomes the disadvantage of random value of weight threshold of limit

learning machine. The introduction of chaotic dynamic weight factor and elite reverse mechanism reduces the complexity of model calcu-
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lation, improves the accuracy and speed of the algorithm, and jumps out of local optimization. Through training 38 groups of sample data,

optimizing the weights and thresholds of the extreme learning machine, building a PCA-AWOA-ELM water source recognition model, and
predicting 10 unknown test samples. The results show that the accuracy of the PCA-AWOA-ELM model is 100%, the accuracy of the PCA-
WOA-ELM model is 90%, the accuracy of the PCA-ELM and ELM model is 60%, and the recognition accuracy, running speed and stabil-
ity of the PCA-AWOA-ELM model are obvious. Higher than the PCA-WOA-ELM model, PCA-ELM model and ELM model, it provides

an important guarantee for safe mine production.

Key words: mine water inrush; water source identification;

algorithm(AWOA); extreme learning machine(ELM)
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Fig.3 Curve of mine water inflow in recent years
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Table1 Actual measurement data of water samples in Daizhuang Coal Mine (training set)

2SN B T R T (g L)

i IKFES A
Na* Ca>" Mg* cr S0;” HCO;
1 387.68 209.08 62.34 68.72 1146.29 297.28 I
2 430.48 163.35 46.76 67.40 1098.30 312.93 I
3 260.00 143.00 40.80 53.50 736.00 248.00 I
4 440.00 9.62 0.49 56.70 563.00 266.00 I
5 285.00 251.00 41.80 71.60 901.00 399.00 I
6 76.15 668.63 122.83 97.86 1879.16 230.79 I
7 76.84 675.16 123.89 87.42 1 889.60 22427 I
8 89.85 668.63 122.83 97.86 1879.16 230.79 I
9 77.80 676.91 125.74 81.77 1 873.94 234.70 I
10 73.95 666.89 116.49 86.12 1842.62 22427 I
11 89.79 688.23 121.51 94.82 1929.28 232.09 I
12 84.38 679.96 121.78 86.55 1983.56 228.18 I
13 102.78 672.99 121.25 94.38 2.004.44 219.05 I
14 665.36 126.90 65.40 70.60 1683.90 426.40 I
15 148.22 620.28 113.85 78.29 1842.62 233.39 ]
16 228.00 589.00 97.20 81.20 1 890.00 294.00 ]
17 119.36 554.07 109.36 72.20 1659.93 207.32 ]
18 213.46 329.31 81.62 79.61 1299.76 129.08 ]
19 127.48 638.57 121.25 96.12 1903.18 22296 ]
20 117.80 563.65 115.17 86.55 1 837.40 69.11 ]
21 99.16 587.17 110.15 71.33 1704.82 236.00 ]
22 183.49 580.64 111.47 82.20 1999.22 241.22 ]
23 218.00 601.00 114.00 82.60 1990.00 268.00 ]
24 367.00 505.00 97.20 87.20 1 980.00 259.00 ]
25 248.00 569.00 99.20 87.20 1 870.00 284.00 ]
26 157.00 341.00 57.80 69.50 1050.00 264.00 ]
27 549.37 173.34 53.40 67.70 1658.63 246.30 ]
28 554.73 173.45 55.62 68.20 1 674.80 247.87 ]
29 565.70 174.24 53.26 78.29 1 484.54 265.99 v
30 477.75 274.42 60.76 68.72 1557.62 292.07 v
31 363.06 201.24 133.66 68.72 144591 294.68 v
32 546.79 203.42 61.81 83.94 1 545.09 247.74 v
33 709.76 102.80 30.11 76.98 1053.38 791.45 v
34 515.43 173.80 54.68 83.51 1367.61 267.29 v
35 376.23 291.84 83.21 91.77 1404.15 22427 v
36 581.73 189.48 51.51 81.77 1520.03 259.47 v
37 507.84 256.40 45.80 67.80 1753.80 170.60 v
38 544.99 188.50 56.70 65.20 1826.70 126.30 v
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Table 2 Measured data of water samples in Daizhuang coal mine (prediction set)

26 S B - BR BE (mg L)

4 " n n . > . KRR
Na Ca Mg Cl SO; HCO,

1 410.00 119.42 60.49 55.70 568.00 273.00 I
2 623.14 108.60 53.80 65.45 1 534.80 398.40 I
3 598.77 116.80 52.60 48.60 1453.90 379.20 I
4 616.12 118.30 52.40 55.80 1563.30 391.40 I
5 285.00 251.00 41.80 71.60 901.00 399.00 |
6 552.65 163.54 53.45 57.36 1 654.80 268.70 |
7 577.69 157.50 50.40 64.40 1 673.60 272.30 |
8 315.04 266.21 78.18 60.26 1405.14 267.78 ]
9 416.27 264.20 55.40 56.80 1 585.40 216.80 v
10 544.82 210.65 54.20 62.36 1758.20 194.50 v

x3 KUEESIERREXRREER,
Table 3 Correlation coefficient matrix of water chemical composition index

FHICE Ca®" Mg* cr SO; HCO;

Na"

Ca** —0.882 1

Mg* -0.72 0.874

Cclr- —0.657 0.823 0.748 1

5042_ —0.348 0.711 0.791 0.68 1
HCO,™ 0.522 —0.469 —0.406 —0.358 —0.225 1

x4 ERSEBHERE

Table 4 Explanation of total variance of

principal components

B REIER WRERER e SRR

1 4.167 69.447 69.447

2 0918 15.299 84.746

3 0.514 8.574 93.32

4 0.276 4.598 97.918

5 0.107 1.786 99.703

6 0.018 0.297 100
— WOA
— AWOA
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Fig.6 Comparison of convergence curve of different iterations
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