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Extended Abstract
Efficient mine water management is of utmost importance to minimize the drainage 
of polluted mine effluents. This requirement is driven by a number of factors including 
environmental protection, regulatory compliance and human health. In addition, 
economic considerations require a sustainable approach to mine water management, 
which involves minimizing the use of resources. A critical aspect of this objective is to 
understand the complex chemical and hydrodynamic processes within the mine pool 
and to integrate this knowledge to establish viable mine water management practices.

This presentation will illustrate hydrodynamic processes that prevail in flooded 
underground mines and highlights the importance of density stratification in 
sustainable mine water management. Investigations were conducted at over 60 ore 
and coal mines worldwide, ensuring a comprehensive assessment of stratification 
in different mines (Mugova and Wolkersdorfer 2022). By comparing stratification 
profiles, mainly depth profiles of temperature and electrical conductivity, cross links 
between the mine set-up and the occurrence of stratification was comparatively 
examined. Through the comparative approach, it was intended to find out whether 
stratification generally occurs in flooded mines and how it can be used for mine 
water management.

The results of the investigation clearly show that stratification is a common 
phenomenon in almost all flooded underground mines worldwide. A key finding 
is that the uppermost stratification, in other words, the boundary between different 
water bodies with different physico-chemical properties, is in most cases located at 
the uppermost connected level to the shaft, assuming there is a hydraulic connection 
(Fig. 1). In cases where stratification was absent, explanations can be provided, 
mostly attributed to pumping activities. Understanding and considering stratification 
is proving to be a key factor in mine water management, as it directly affects the 
quality of water discharged from the mine. This knowledge is invaluable in developing 
strategies to optimise water treatment planning and in-situ remediation options.

Identifying and sustaining stratification in flooded underground mines has 
major implications for sustainable mine water management. When stratification 
develops and remains undisturbed, the required effort for mine water treatment can 
be reduced. This results from the fact that only water from the upper CF water body 
(cold fresh) with usually better quality requires treatment or can be even discharged 
without treatment. In contrast, water from the WM water body (warm mineralised) 
remains in the deeper parts of the mine. Preserving stratification, for example, by 
avoiding pumping activities or by restricting water withdrawal to the upper part of 
the CF water body is highly recommend for sustainable mine water management. It 

Advancing sustainable mine water management through 
understanding stratification in flooded underground mines

Elke Mugova1, Christian Wolkersdorfer2

1Technische Universität Bergakademie Freiberg (TUBAF), Department of Hydrogeology and Hydrochemis-
try, Otto-Meißer-Bau, Gustav-Zeuner-Str. 12, 09599 Freiberg, Germany, elke.mugova@grubenwasser.org, 

ORCID: 0000-0001-6019-9945
2South African Research Chair for Acid Mine Drainage Treatment, Tshwane University of Technology 

(TUT), Private Bag, X680, Pretoria, 0001, South Africa, christian@wolkersdorfer.info, ORCID 0000-0003-
2035-1863



West Virginia Mine Drainage Task Force Symposium & 15th International Mine Water Association Congress 2024

472 Kleinmann, B., Skousen, J., Wolkersdorfer, Ch.

holds great promise for reducing the resource expenditure of mine water treatment 
processes, in line with the broader objectives of responsible mining practices.
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Figure 1 Temperature and electrical conductivity profi les from 2018 and 2017 of the fl ooded shaft  MS2, 
Metsämonttu mine in Finland as well of cross section of the mine. Clearly visible is a stratifi cation at 
levels +190 (fi rst connected level) and level +250. Metsämonttu cross section based on Warma (1975) 
and maps in the Business Archives Finland, Mikkeli, with permission from Outokumpu Oyj

Figure 1 Temperature and electrical conductivity profiles from 2018 and 2017 of the flooded shaft MS2, Metsämonttu 
mine in Finland as well of cross section of the mine. Clearly visible is a stratification at levels +190 (first connected level) 
and level +250. Metsämonttu cross section based on Warma (1975) and maps in the Business Archives Finland, Mikkeli, 

with permission from Outokumpu Oyj. 

Identifying and sustaining stratification in flooded underground mines has major implications for 
sustainable mine water management. When stratification develops and remains undisturbed, the 
required effort for mine water treatment can be reduced. This results from the fact that only water 
from the upper CF water body (cold fresh) with usually better quality requires treatment or can 
be even discharged without treatment. In contrast, water from the WM water body (warm 
mineralised) remains in the deeper parts of the mine. Preserving stratification, for example, by 
avoiding pumping activities or by restricting water withdrawal to the upper part of the CF water 
body is highly recommend for sustainable mine water management. It holds great promise for 
reducing the resource expenditure of mine water treatment processes, in line with the broader 
objectives of responsible mining practices.
Keywords: stratification, mine water management 

Acknowledgements 
The authors thank their respective research institutions for providing support in conducting this research. 
The German foundation “Forum Bergbau und Wasser” made travel funds available, and the NRF SARChI 
chair for Mine Water Management, Department of Environmental, Water and Earth Sciences, Tshwane 
University of Technology under Grant № 86948 supported this research. Thanks to our colleagues who 
made site visits possible and providing us their research results. We also thank various colleagues for 
intensive discussions about mine water stratification and continuous shaft measurements, some of them 
provided under the conditions of the Chatham House Rules.
References  

–

–


