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Abstract: Accurate determination of aquifer hydrological parameters, such as permeability coefficient, is essential
for effective mine water hazard prevention and control. However, traditional inversion methods such as the fitting
curve method and graphical method exhibit shortcomings in computational speed and accuracy. To enhance the
reliability of aquifer parameter inversion calculations, this study proposed a novel permeability coefficient

inversion model, the adaptive differential hybrid butterfly particle algorithm (ADHBPA), specifically tailored to
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the characteristics of hydrogeological parameters. The model incorporates Latin hypercube sampling, a hyperbolic
cosine adaptive function, differential mutation strategy, and dimension-wise variation strategy. The model
effectively addressed the spatial heterogeneity and temporal dynamics inherent in hydrogeological parameter
inversion, thereby improving the balance between global exploration and local exploitation. Using the pumping
test data from 24 boreholes in the Banji mining area, the ADHBPA model achieved a maximum inversion error of
0.93 m and an average error rate of just 0.15%. In contrast, conventional algorithms produced average error rates
ranging from 30% to 50%. These results highlight the algorithm's strong capability in avoiding local optima and
performing high-precision parameter inversion, even under data-scarce conditions. The proposed algorithm

provides efficient and reliable technical support for mine water hazard risk assessment and water control planning.

Keywords: permeability coefficient;

Dupuit formula;

Latin hypercube sampling; differential mutation

strategy; hyperbolic cosine function; hybrid optimization strategy
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Fig. 1 Structure outline of Banji Coal Mine
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Table 1 Pumping test data

BALgS  EOKRIEE /M AR M BERm KEY/(LsT)
1 18.650 0.057 59.750 0.128
2 97.300 0.046 159.700 0.002
3 34.250 0.057 86.590 0.013
4 36.150 0.057 160.280 0.025
5 30.700 0.057 56.180 0.083
6 55.650 0.057 54.250 0.049
7 34.400 0.058 56.100 0.399
8 27.250 0.057 33.310 0.038
9 33.730 0.057 50.570 0.179
10 22.000 0.066 39.380 0.024
11 32.500 0.058 43.460 0.106
12 52.640 0.054 42.260 0.019
13 93.750 0.054 44.100 1.208
14 63.400 0.054 68.710 0.005
15 15.900 0.057 52.720 0.483
16 13.600 0.057 48.000 0.150
17 102.600 0.054 93.080 0.771
18 24.750 0.057 51.480 0.223
19 24.000 0.057 66.190 0.033

20 128.570 0.057 52.020 0.036
21 7.500 0.057 67.860 0.111
22 83.250 0.057 57.150 0.567
23 14.500 0.057 56.080 0.031
24 18.650 0.057 59.790 0.120
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Fig. 8 Convergence curve of actual hydrological function
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Fig. 9 Permeability coefficient distribution
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Table 4 Permeability coefficient value of a layer
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