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Abstract 
 

This article discusses the importance of groundwater modelling and management in mining 

areas to protect groundwater resources and the environment. The article provides an overview 

of the hydrological behavior of mining areas, the potential impacts of mining activities on 

groundwater, and the groundwater modelling techniques used to simulate groundwater flow 

and transport. The article also describes the groundwater management strategies that can be 

used to prevent, mitigate, and remediate the potential impacts of mining activities on 

groundwater resources. A case study of the Mount Polley mine in British Columbia, Canada, 

is presented to illustrate the application of groundwater modelling and management in a 

mining context. The article concludes that groundwater modelling and management should be 

an integral part of mining operations to ensure sustainable mining practices that protect 

groundwater resources and the environment. 

 

Introduction 
 

Groundwater is a valuable natural resource that plays a vital role in supporting the 

ecosystems and providing clean drinking water to communities. However, the mining 

activities can impact groundwater quality and quantity due to the excavation and extraction of 

minerals, which can alter the hydrological balance of the area. Therefore, it is crucial to 

understand the hydrogeological processes of mining areas and develop effective groundwater 

management strategies to mitigate the potential impacts. 

 

Groundwater modelling is a powerful tool that can provide insights into the hydrological 

behavior of mining areas and help to develop sustainable groundwater management plans. 

This article aims to provide an overview of groundwater modelling and management in 

mining areas, including the principles of groundwater flow and transport, groundwater 

modelling techniques, and management strategies for sustainable mining operations. 

 

Principles of Groundwater Flow and Transport 
 

Groundwater is the water that occurs below the ground surface in the spaces between the soil 

particles and rocks. It is replenished by rainfall and snowmelt, and it moves through the soil 

and rocks to replenish rivers, lakes, and oceans. Groundwater flow is influenced by the 

properties of the aquifer, such as porosity, permeability, and hydraulic conductivity, and the 

hydrological conditions of the area, such as recharge and discharge rates. 

 

Groundwater transport refers to the movement of water and solutes through the porous media 

of the aquifer. The transport of solutes can be affected by various physical, chemical, and 

biological processes, including diffusion, dispersion, advection, and reactions with the 

mineral matrix. 

 



The principles of groundwater flow and transport are essential to understanding the 

hydrogeological behavior of mining areas and developing groundwater management 

strategies. 

 

Groundwater Modelling Techniques 
 

Groundwater modelling is a process of developing mathematical models that simulate the 

hydrological behavior of the groundwater system. The groundwater models can be used to 

predict the changes in groundwater levels, the movement of groundwater, and the transport of 

solutes in response to different hydrological scenarios. 

 

There are two types of groundwater models, including analytical and numerical models. 

Analytical models use mathematical equations to solve for the hydraulic head and 

groundwater flow rate. Analytical models are relatively simple and can be used for small-

scale problems that have simple geometries and boundary conditions. 

 

Numerical models, on the other hand, use a discretized grid system to solve for the hydraulic 

head and groundwater flow rate. Numerical models are more complex and can be used for 

large-scale problems that have complicated geometries and boundary conditions. The 

numerical models can also simulate the transport of solutes, making them more useful for 

groundwater management in mining areas. 

 

Numerical models require input data, including geologic data, hydraulic properties, boundary 

conditions, and hydrological data. The input data can be obtained from various sources, 

including field observations, laboratory experiments, and remote sensing data. The accuracy 

of the input data is crucial for the reliability of the numerical model predictions. 

 

Groundwater Management Strategies 
 

Groundwater management in mining areas is crucial to ensure the sustainability of 

groundwater resources and the protection of the environment. Groundwater management 

strategies can be divided into three categories, including prevention, mitigation, and 

remediation. 

 

Prevention strategies aim to prevent groundwater contamination or depletion before the 

mining operations begin. Prevention strategies can include the selection of mining sites with 

low potential for groundwater contamination or depletion, the development of best 

management practices to minimize the impact of mining activities on groundwater, and the 

use of alternative mining methods that have less impact on groundwater. 

 

Mitigation strategies aim to reduce the impact of mining activities on groundwater quality 

and quantity. Mitigation strategies can include the installation of monitoring wells to track 

changes in groundwater levels and quality, the development of groundwater management 

plans to ensure sustainable groundwater use, and the implementation of remediation 

technologies to treat contaminated groundwater. 

 

Remediation strategies aim to clean up contaminated groundwater after mining activities 

have ceased. Remediation strategies can include the use of various technologies, such as 

pump-and-treat systems, in-situ remediation techniques, and natural attenuation. The 



selection of remediation technologies depends on the characteristics of the contaminant, the 

hydrogeological properties of the site, and the remediation goals. 

 

Groundwater management strategies in mining areas should also consider the potential 

impacts of climate change on groundwater resources. Climate change can alter the 

hydrological cycle and affect the availability and quality of groundwater. Therefore, it is 

crucial to develop adaptive management strategies that can respond to the changing 

hydrological conditions. 

 

Case Study: Groundwater Modelling and Management in the Mount Polley Mine, British 

Columbia, Canada 

 

The Mount Polley mine is a copper and gold mine located in British Columbia, Canada. The 

mine has been operating since 1997, and in 2014, a tailings dam breach released millions of 

cubic meters of wastewater and tailings into nearby lakes and rivers, resulting in one of the 

largest environmental disasters in Canadian history. 

 

Following the disaster, the mine owners developed a groundwater management plan to 

prevent future incidents and protect groundwater resources. The groundwater management 

plan included a groundwater model that simulated the hydrological behavior of the site and 

predicted the potential impacts of mining activities on groundwater. 

 

The groundwater model was a three-dimensional numerical model that used MODFLOW 

software to simulate the groundwater flow and transport. The model included the geological, 

hydrogeological, and hydrological data of the site, including the bedrock geology, hydraulic 

conductivity, recharge, and discharge rates. The model was calibrated and validated using 

field observations of groundwater levels and quality. 

 

The groundwater model predicted that the mining activities would cause a decline in 

groundwater levels and an increase in the concentration of some contaminants, such as sulfate 

and nitrate. To mitigate the potential impacts, the groundwater management plan included the 

installation of monitoring wells, the implementation of best management practices to 

minimize the impact of mining activities on groundwater, and the development of a 

contingency plan in case of an emergency. 

 

Conclusion 
 

Groundwater modelling and management are essential for sustainable mining operations that 

protect groundwater resources and the environment. Groundwater modelling provides 

insights into the hydrological behavior of mining areas and can be used to develop effective 

groundwater management strategies. Groundwater management strategies can include 

prevention, mitigation, and remediation strategies, depending on the stage of the mining 

operations and the potential impacts on groundwater resources. 

 

The case study of the Mount Polley mine highlights the importance of groundwater 

modelling and management in preventing environmental disasters and protecting 

groundwater resources. The groundwater model developed for the mine provided valuable 

information that informed the groundwater management plan and ensured the sustainability 

of the mining operations. 

 



In conclusion, groundwater modelling and management should be an integral part of mining 

operations, and effective groundwater management strategies should be developed to protect 

groundwater resources and the environment. The use of advanced technologies, such as 

remote sensing and artificial intelligence, can further enhance the accuracy and reliability of 

groundwater modelling and management in mining areas. 
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