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Abstract: In recent years, the mining and utilization of large-scale mineral resources and 

the promotion of mine reconstruction projects have led to the increasingly serious problems 

of heavy metal pollution and water pollution (WP) in mine waters, which have posed 

potential threats to the health of the residents in and around the mines. Therefore, it is of 

vital importance to study the pollution characteristics of water bodies in mining areas to 

improve the water environment in mining areas. In this study, three mine alterations are 

used as the research objects to initially study the current WP status of surface water and 

groundwater in the watersheds near the mines, and to make a preliminary evaluation of the 

water environment quality using chaotic neural network algorithm (CNNA), so as to clarify 

the WP situation under the influence of mine alterations. This study has some application 

value for the practice of WP prevention and control engineering in mine reconstruction 

projects. 

1. Introduction 

Water is the source of life and the basis of the ecological environment, but the current 

environmental problems are becoming more and more serious, especially in the WP has gradually 

become one of the most worrying environmental problems in the world, the research work on the 

groundwater environment near the mines is also getting more and more attention, and the evaluation 

system and evaluation methods are becoming more and more perfect, so the research on water 

quality evaluation and WP prevention and control has also become the focus of global research. 

Many scholars have studied and analyzed the current situation of WP in mine areas and the 

causes of pollution. Due to the large number of coal mines, the massive mining of coal mines as 
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well as the long mining history has formed mine pit drainage, gangue piles and thus collapse ponds, 

resulting in varying degrees of soil and water pollution (including conventional components and 

heavy metal pollution), which can even affect the water environment and water ecology in mining 

areas, and it is very difficult to study the elimination of regional soil and water pollution [1]. 

Although some previous studies have been carried out, the mechanism of soil and water pollution 

under mining conditions and the mode of pollution are not yet clear, but there is an urgent need to 

study the mechanism of heavy metal pollution from coal mining and to assess, predict and analyse 

the pollution status in order to provide reference material for further studies on water pollution in 

mining areas later [2]. Numerous studies have been conducted by domestic scholars on the practical 

application of numerical simulations and the conversion of results to characterise the 

hydrogeological features of the study area. The development process of the seabed water flow 

system has been analysed through mining water flow system simulation to provide suitable 

conditions for seabed water resources assessment [3]. For example, some scholars have simulated 

groundWP in a basin through three-dimensional groundwater flow and contaminant transport in an 

open pit mine after mine closure shaft, found the contaminant transport pattern after coal mine 

closure and proposed corresponding preventive measures, and some people have conducted a study 

for the impact of coal mining on the complex structure area of groundwater system with numerical 

simulation and application [4-5]. At present, China has made remarkable achievements in the 

utilization and protection of water resources in mining areas, making outstanding contributions to 

the economy, society and human well-being. 

This paper firstly introduces the concept of chaotic optimization algorithm and proposes a 

transient CNNA model, then uses this algorithm model to calculate the pollution indices of surface 

water and groundwater in the rainy and dry seasons during the reconstruction process of three mines 

A, B and C to evaluate their watershed pollution, and finally proposes several WP prevention 

techniques for water resources protection in mine areas. 

2. Related Algorithms 

2.1. Chaotic Optimization Algorithm 

The characteristic of random variation of chaotic optimisation variables is the most unique 

feature of the algorithm, and this property may enable the algorithm to find the optimal solution 

faster than other optimisation algorithms. If the algorithm can randomly search for the global 

optimal solution in the first step of the calculation, it basically does not need to spend a lot of time 

to find the optimal solution, and the search time later will be reduced. However, due to the 

randomness of chaotic motion, when the chaotic variables are close to the global optimal solution, 

they are suddenly searched randomly, thus wasting a lot of search time [6-7]. It can be argued that 

randomness is the main property that drives the algorithm to jump out of the local optimum, but it 

also tends to make the search process unnecessarily time-consuming. 

2.2. Transient Chaotic Neural Networks 

Adding simulated annealing to the gradient descent solving process can effectively avoid the 

optimization process from falling into local minima to a certain extent; meanwhile, chaos enriches 

the dynamic performance of the network because it has the traversal property that helps the 

comprehensive search of the optimization process [8]. The combination of the two is added to 

Hopficld neural network to propose the Transicntly Chaotic Neural Network (TCNN) with chaos 

simulated annealing property. However, since the chaotic dynamics used in the transient chaotic 

neural network has a completely deterministic property, the network is not guaranteed to always 
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find a globally optimal or near-optimal solution to the optimization problem [9]. The mathematical 

expression of the chaotic neural network model is given below. 
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and 
dg nmmnjk ,,


; I kj ,  denotes the input bias of neuron j, k; ɑ is the coupling factor of neural 

network; ε  denotes the steepness coefficient of Sigmoid function; η  denotes the neural 

membrane damping factor; z(t) denotes the self-feedback connection weight. 

3. Analysis of WP Status of Mine Reconstruction Project Based on CNNA 

In this section, CNNA is used to evaluate the pollution status of surface water and groundwater 

in the nearby watershed caused by the process of mine reconstruction in A, B and C. The results are 

as follows. 

3.1. Surface WP Evaluation Results 

Table 1. Surface WP index in rainy season 

 COD TP Cr Cu Zn Cd 
Comprehensive 

Index 

A 1.45 1.16 0.06 0.32 0.04 0.07 1.04 

B 1.27 0.33 0.89 0.81 0.11 0.05 1.53 

C 1.62 0.85 0.27 0.13 0.09 0.03 1.12 

 

As shown in Table 1 and Figure 1, during the rainy season, the pollution index of COD in the 

nearby watersheds of A, B and C mines exceeded 1, and its highest COD index was 1.62 in C mine. 

the pollution index of TP was 1.16, 0.33 and 0.85, respectively, and the watershed of A mine was 

most seriously polluted by TP. Zn and Cd in the water bodies were the least polluted. From the 

comprehensive index, among the three mines, the watershed of mine B is moderately polluted, and 

mines A and C are lightly polluted. 
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Figure 1. Pollution index values 

Table 2. Surface water dry season pollution index 

 COD TP Cr Cu Zn Cd 
Comprehensive 

Index 

A 0.65 1.36 0.11 0.34 0.08 0.04 0.73 

B 0.37 0.55 0.48 0.32 0.06 0.08 0.54 

C 0.41 0.87 0.07 0.10 0.07 0.09 0.51 
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As shown in Table 2 and Figure 2, the COD index was relatively low during the dry season, but 

the TP index was higher than in the rainy season, but not much higher, and the heavy metal 

pollution indices of Cr, Cu, Zn, and Cd were all below 0.5. The combined pollution index also did 

not exceed 1, i.e., none of the three mining watersheds showed pollution. 

3.2. Ground WP Evaluation 

Table 3. Ground WP indices in the dry and rainy seasons 

 TDS NO3 As Hg 
Comprehensive 

Index 

A 
Dry season 0.17 0.21 0.30 2.64 1.72 

Rainy season 0.36 1.43 0.26 5.23 2.35 

B 
Dry season 0.08 0.18 0.06 1.08 0.24 

Rainy season 0.14 3.45 0.23 1.12 0.68 

C 
Dry season 0.05 0.13 0.02 0.97 0.21 

Rainy season 0.09 3.32 0.07 0.85 0.54 
 

 

Figure 3. Comparison of pollution indices during the dry and wet seasons 

From Table 3 and Figure 3 , it is known that the dissolved solids pollution index of groundwater 

in the nearby watersheds from the alteration of three major mining areas, A, B and C, did not 

exceed 1 in either the dry or rainy seasons, indicating that the dissolved solids meet the national 

groundwater standards and do not cause harm to humans. The As pollution index was low in all 

three regions. Relatively speaking, the pollution index of nitrate in the mining basin is high, in 

which the nitrate index of groundwater in B and C mining basin is 3.45 and 3.32 in the rainy season, 

but only 0.18 and 0.13 in the dry season, indicating that the nitrate pollution of groundwater in B 

and C mining basin is more serious in the rainy season. In addition, the Hg pollution index of 

groundwater in the watershed of mining area A is high and there is heavy pollution. In general, 

from the comprehensive pollution index, the groundwater in B and C mine basins is in light 

pollution, and the groundwater in A mine basin is in moderate pollution level. 
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4. Key Technologies for WP Prevention in Mine Reconstruction Projects 

4.1. Source Reduction Control Technology of the Main Recharge Water Source in the Mining 

Area Based on Mine Water Infusion Recharge 

The source of water recharge in the mining area comes from the infiltration recharge of the water 

layer in the upper watershed on the one hand, but mainly from the massive and rapid infiltration 

recharge of the underground dark river. Therefore, by filling and blocking the recharge sources and 

recharge channels of the ponded water in the mining area, in order to minimize the amount of water 

recharge in the mining area and achieve the purpose of source reduction control of recharge sources 

[10-11]. 

4.2. Key Spillover Channel Control Technology for Contaminated Water in the Extraction 

Area Based on Point Source Pollution Characteristics 

Mine watershed pollution channel for the development of karst pipes in the top plate of the 

mining area fissures leading to the watershed aquifer, so that mine pollution water mixed into the 

river through the karst pipes. Therefore, the top plate tectonic fissure conduit at the end channel 

location of the mining area is grouted and sealed to control the contaminated water overflow from 

the mining area and realize the contaminant migration control [12]. 

4.3. End Pollution Channel Curtain Blocking Technology Based on Pipeline Flow Pollution 

Characteristics 

The regional pollution near mine alteration has significant pipeline flow characteristics. By 

blocking the channel of polluted water into the karst pipeline through curtain blocking, the flow of 

pollution can be separated and the path of pollutants into the mine karst pipeline can be controlled 

[13]. 

4.4. Emergency Response Pumping Treatment Technology Based on "U-Tube Effect" 

Hydrodynamic Field Control 

When encountering heavy rainfall, the underground dark river water pours into the mining area 

in large quantities and rapidly, causing the water level of the mine to rise and destroying the 

hydraulic relationship between the overlying aquifer and the mine water. By constructing drainage 

boreholes in the mining area and emergency pumping out treatment to control the mine water level 

rising too fast, keep the hydraulic relationship between the overlying aquifer and mine water 

basically unchanged, control the polluted water overflow, and realize the river water body not being 

polluted under extreme weather conditions [14-15]. 

4.5. Artificial Wetland Process 
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Figure 4. Process flow diagram 
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The artificial wetland process is used to degrade WP in the mine area, and the surface runoff 

collected from the mine area first enters the storage pond along the original river channel, and the 

volume of the storage pond is designed in accordance with the standard of three days inlet and three 

days discharge. At the inlet of the pond, a diversion wall is set up at the entrance to avoid the impact 

on the embankment when the water volume is large and to enable the sediment suspended in the 

water to be better deposited when passing through the pond [16]. After the preliminary 

sedimentation of the transfer pond, the volume and quality of the larger solids and suspended matter 

have been removed in large quantities of water in the transfer pond side of the role of the water 

distribution wall, the surface runoff to be treated evenly into the four-stage tandem artificial wetland 

treatment, and finally discharged into the downstream river through the outlet pond, each level of 

wetland between the secondary water distribution facilities, can significantly improve the hydraulic 

retention time and avoid the emergence of dead space, the maximum function the maximum 

function of the artificial wetland purification role. When the water volume exceeds the design 

standard of the artificial wetland, it will be discharged directly downstream through the overflow 

channel next to the water distribution wall to avoid scouring the wetland plants [17-18]. The 

detailed arrangement of the artificial wetland is shown in Figure 4. 

4.6. Recycling of Groundwater 

As the soil has the effect of self-purification, some inorganic substances in groundwater, organic 

substances can be absorbed and converted by the soil to improve groundwater quality so that it can 

meet some kind of use standard and thus be reused by human beings. Sometimes mine water can be 

used without purification treatment, and some contaminated water needs strict purification 

treatment before it can be used [19]. The wastewater discharged from mines should be treated to 

meet certain discharge standards and then reused. 

5. Conclusion 

With the acceleration of industrialization around the mine site and the increase of the population 

gathered in the mine area, as well as the improvement of people's living standard, the demand for 

water resources in the surrounding areas is increasing. In particular, heavy metal pollution in water 

bodies caused by mining is increasing, and the process of mine reconstruction has caused more 

serious groundWP in mining areas. In order to promote the sustainable use of groundwater 

resources in mines, it is necessary to protect the valuable groundwater resources before mine 

alteration. By studying the impact of mine alteration on the water environment of watersheds and 

analyzing various WP indices, it provides a convenient condition for assessing groundwater 

resources. 

Funding 

This article is not supported by any foundation. 

Data Availability 

Data sharing is not applicable to this article as no new data were created or analysed in this 

study. 

 

 



Water Pollution Prevention and Control Project 

27 
 

Conflict of Interest  

The author states that this article has no conflict of interest. 

References 

[1] Swati Chopade, Hari Prabhat Gupta, Rahul Mishra, Preti Kumari, Tanima Dutta. An 

Energy-Efficient River Water Pollution Monitoring System in Internet of Things. IEEE Trans. 

Green Commun. Netw. (2021) 5(2): 693- 702. https://doi.org/10.1109/TGCN.2021.3062470 

[2] Mehdi Dehghan, Baharak Hooshyarfarin, Mostafa Abbaszadeh. Numerical simulation based on 

a combination of finite-element method and proper orthogonal decomposition to prevent the 

groundwater contamination. Eng. Comput. (2022) 38(4): 3445-3461. 

https://doi.org/10.1007/s00366-021-01439-y 

[3] Mostafa Kabolizade, Kazem Rangzan, Sajad Zareie, Mohsen Rashidian, Hossein Delfan. 

Evaluating quality of surface water resources by ANN and ANFIS networks using Sentinel-2 

satellite data. Earth Sci. Informatics. (2022) 15(1): 523-540. 

https://doi.org/10.1007/s12145-021-00741-z 

[4] Giovani Farias, Bruna Leitzke, Miriam Born, Marilton S. de Aguiar, Diana Francisca Adamatti. 

Water Resources Analysis: An Approach based on Agent-Based Modeling. RITA. (2020) 27(2): 

81-95. https://doi.org/10.22456/2175-2745.94319 

[5] Amal Agarwal, Lingzhou Xue. Model-Based Clustering of Nonparametric Weighted Networks 

with Application to WP Analysis. Technometrics. (2020) 62(2): 161-172. 

https://doi.org/10.1080/00401706.2019.1623076 

[6] Ahandani Morteza Alinia, Jafar Abbasfam, Hamed Kharrati. Parameter identification of 

permanent magnet synchronous motors using quasi-opposition-based particle swarm 

optimization and hybrid chaotic particle swarm optimization algorithms. Applied Intelligence. 

(2022) 52(11): 13082-13096. https://doi.org/10.1007/s10489-022-03223-x 

[7] Lenin Kanagasabai. Opposition-based chaotic Henry's law-soluble gas, hybridization of 

chelonioidea with anthoathecata and vaporization of liquid optimization algorithms for power 

loss diminution. Soft Comput. (2022) 26(4): 1563-1585. 

https://doi.org/10.1007/s00500-021-06710-4 

[8] Smita Mohanty, Rajashree Dash. A novel chaotic flower pollination algorithm for modelling an 

optimized low-complexity neural network-based NAV predictor model. Prog. Artif. Intell. (2022) 

11(4): 349-366. https://doi.org/10.1007/s13748-022-00289-z 

[9] Seyed Jalaleddin Mousavirad, Azam Asilian Bidgoli, Hossein Ebrahimpour-Komleh, Gerald 

Schaefer. A memetic imperialist competitive algorithm with chaotic maps for multi-layer neural 

network training. Int. J. Bio Inspired Comput. (2019) 14(4): 227-236. 

https://doi.org/10.1504/IJBIC.2019.103961 

[10] Y. K. Bharath. Griffiths' Variable Learning Rate Online Sequential Learning Algorithm for 

Feed-Forward Neural Networks. Autom. Control. Comput. Sci. (2022) 56(2): 160-165. 

https://doi.org/10.3103/S0146411622020031 

[11] Cesar Flores-Fonseca, Rodrigo Linfati, John Willmer Escobar. Exact algorithms for 

production planning in mining considering the use of stockpiles and sequencing of power 

shovels in open-pit mines. Oper. Res. (2022) 22(3): 2529-2553. 

https://doi.org/10.1007/s12351-020-00618-x 

[12] Natkamon Tovanich, Nicolas Soulie, Nicolas Heulot, Petra lsenberg. The Evolution of Mining 

Pools and Miners' Behaviors in the Bitcoin Blockchain. IEEE Trans. Netw. Serv. Manag. (2022) 

19(3): 3633-3644. https://doi.org/10.1109/TNSM.2022.3159004 



Water Pollution Prevention and Control Project 

28 
 

[13] Franco Tommasi, Christian Catalano, Umberto Corvaglia, lvan Taurino. MinerAlert: a hybrid 

approach for web mining detection. J Comput. Virol. Hacking Tech. (2022) 18(4): 333-346.  

https://doi.org/10.1007/s11416-022-00420-7 

[14] Devi Prasad Mishra, Durga Charan Panigrahi, Pradeep Kumar, Abhijeet Kumar, Pritam 

Kumar Sinha. Assessment of relative impacts of various geo-mining factors on methane 

dispersion for safety in gassy underground coal mines: an artificial neural networks approach. 

Neural Comput. Appl. (2021) 33(1): 181-190. https://doi.org/10.1007/s00521-020-04974-9 

[15] Hamidou Kassogue, Abdes-Samed Bernoussi, Mina Amharref, Mustapha Ouardouz. Cellular 

automata approach for modelling climate change impact on water resources. Int. J. Parallel 

Emergent Distributed Syst. (2019) 34(1): 21-36. 

https://doi.org/10.1080/17445760.2017.1331438 

[16] Angelika Zube, Dominik Kleiser, Alexander Albrecht, Philipp Woock, Thomas Emter, 

Boitumelo Ruf, lgor Tchouchenkov, Aleksej Buller, Boris Wagner, Ganzorig Baatar, Janko 

Petereit. Autonomously mapping shallow water environments under and above the water 

surface. Autom. (2022) 70(5): 482-495. https://doi.org/10.1515/auto-2021-0145 

[17] Victor Manuel Zezatti, Alberto Ochoa, Gustavo Urquiza, Miguel Basurto, Laura Castro, Juan 

Garcia. The Implementation of a Nickel-Electroless Coating in Heat Exchanger Pipes 

Considering the Problem of the Environmental Conditions ofthe Cooling Water Without 

Recirculation to Increase the Effectiveness Under Uncertainty. Int. J. Comb. Optim. Probl. 

Informatics. (2022) 13(4): 73-82. 

[18] Haider A. H. Alobaidy, Rosdiadee Nordin, Mandeep jit Singh, Nor Fadzilah Audullah, Azril 

Haniz, Kentaro Ishizu, Takeshi Matsumura, Fumihide Kojima, Nordin Bin Ramli. 

Low-Altitude-Platform-Based Airborne IoT Network (LAP-AIN) for Water Quality Monitoring 

in Harsh Tropical Environment. IEEE Internet Things J. (2022) 9(20): 20034-20054. 

https://doi.org/10.1109/JIOT.2022.3171294 

[19] Akihiko Yanase, Keita Kamei. Dynamic Game of International Pollution Control with General 

Oligopolistic Equilibrium: Neary Meets Dockner and Long. Dyn. Games Appl. (2022) 12(3): 

751-783. https://doi.org/10.1007/s13235-022-00434-2 


