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Why do we still see 
scenes like this?
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This is also an unrehabilitated
legacy mining site



Environmental impacts result from the interaction 
of the deposit type, host rock and characteristics, 

the mining methods and the receiving 
environment
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Superimposition of 
natural processes –
landscape evolution, 
climate, weather etc. 
onto a disturbed 
environment.

Red Cone – natural 
analogue site:

Mining by glaciation

Dewatering/rewatering
cycles from seasonal 
snow/melting cycles



Acid mine drainage is formed when sulfide
minerals oxidise in an aqueous system in a 

mining environment

4FeS2(s) + 15O2(g) + 14H2O(l) → 4Fe(OH)3(s) + 8SO4
2-(aq) + 16H+(aq)



The processes that bring the ingredients 
together are as much a part of AMD generation 

as the ingredients

http://www.dailymail.co.uk/news/article-2456755/Chefs-make-gourmet-food-McDonalds-ingredients--including-cocktails-tapas.html

Slow-Cooked Beef 
with Blueberry 
Pomegranate 
Sauce and Mac Fry 
Gnocchi. Featuring 
McDonald's French 
Fries, Eggs, 
Blueberry 
Pomegranate 
Smoothie Base, 
Carrots and the 
beef ground for the 
McDonalds' 
hamburger patties



Pre-mining environment on the 
MpumalangaHighveld

Courtesy T.S. McCarthy
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Mining opens up pathways for water ingress



Post-mining environment on the 
MpumalangaHighveld

Courtesy T.S. McCarthy

Mining has created a new water table, with new flow 
vectors, allowing oxygen and water to mix with sulfides, 
resulting in AMD which then seeps to surface

AMD
Seep
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In a different 
environment, water 
flowing through a 
mine produces a 
good quality 
(potable) discharge.



Defining sustainability

• Lots of definitions to choose 
from

• More than just environmental 
protection and rehabilitation

• Current and future mining 
activities need to move 
towards sustainability

• How would we mine the 
Witwatersrand if we 
discovered it tomorrow?
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http://www.green-innovations.asn.au/sustblty.htm



Definition of sustainability for mining legacy sites

• Reduce existing environmental impacts with appropriate 
effort to a socially accepted and reasonable level 

• Reclaim mine sites for value-added reuse promoting long-
term regional development 

• Invest in robust remediation solutions requiring no or 
limited active after care (Self-sustaining systems) 

• Ensure long-term availability of information and 
knowledge to support institutional control and public 
awareness 
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Paul, Michael, Stefan Mann, and Thomas Metschies. 2012. 
Sustainability assessment of the results of the WISMUT 
Environmental Remediation Programme (1990-2011). In ICARD 
2012. Ottawa, Canada: ICARD.
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Reducing environmental impacts with appropriate 
effort to a socially accepted and reasonable level

This doesn’t always mean restoring to pre-mining pristine natural conditions!

Objectives, targets and metrics for success are essential.

Social acceptance relies on talking to people and agreeing on objectives and 
targets, as well as involvement of important stakeholders at all levels of the 
process.
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The EO-MINERS Project aimed 
to establish trialogues around 
mining and the environment, 
based on developing a shared 

information base for operators, 
regulators and communities to 

use to develop a shared 
understanding of the impacts 
of mining on the environment
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So what is a reasonable level?

It’s easy to forget about the need 
for capacity to solve serious 
problems
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Educate the next generation of specialists



18Photo: Dylan Harbour
https://upload.wikimedia.org/wikipedia/commons/0/02/Johannesburg_Sunrise%2C_City_of_Gold.jpg

http://home.wlu.edu/~patchw/his_223/Slideshows/1900_Colonial%20rivalries_files/slide0093_image031.jpg

Value added reuse 
sometimes happens when 
the economic development 
which accompanies mining is 
able to continue after the 
closure of mines



Importance of Witwatersrand gold
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Hartnady, C J H. 2009. South Africa's gold production and reserves. 
South African Journal of Science 105 (9-10):328-329.World Gold Production (1930)

Currently South Africa produces 
around 5% of global production

http://www.sahistory.org.za/archive/all-glitters-glitter-gold-emilia-potenza

Has produced over 1.5 billion oz. of 
gold ~50% of all gold ever produced
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First reports of 
acid mine 

drainage - 1903

Environmental 
research - gradual 
acknowledgement 

of problems

Serious efforts to 
solve problems long 

after mining 
revenue peak
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• Jagersfontein, Free State

– Limited local economic 
development since mine 
closure

• Silverton, Pretoria

– Regional and local 
economy has sustained 
economic activity long 
after mining ceased
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Informal settlement developed over an 
abandoned underground coal mine, 
eMalahleni



Recreational lake developed in an old brown 
coal mine – Saxony, Germany

In many cases, intervention to 
develop viable post-mining 
landscapes is both necessary and 
desirable



Value added reuse
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Selection Park, Springs

Selection Park in Springs lies adjacent to an 
old underground coal mine. The undermined 
area has been put to good use, enhancing 
local quality of life.

Land has been restored to something better 
than most abandoned coal mines and 
enhanced local community life



Many mine rehabilitation projects fail because 
they rely on technological choices which cannot 
be sustained without continued and expensive 

inputs 
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Experimental work on the 
use of acid mine drainage 
and coal fly ash – both 
waste products produced 
in coal mining areas – to 
treat polluted water and 
produce a material for 
backfilling abandoned 
underground coal mines.

Backfilling to prevent AMD 
generation, spontaneous 
combustion and 
subsidence
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Pilot passive treatment 
system treating an AMD 
discharge upstream of 
Carolina

Utilises natural processes 
and materials to treat 
mine water in a gravity-
driven system

Successfully 
demonstrated over a 
period of two years
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A simple alternative to pumping 
and treating water after it has 
flowed into underground mines 
is to prevent it from entering 
the mines in the first place. This 
can reduce the costs of 
pumping and treatment in the 
long term
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Discharge adits drain underground mines to low-
lying areas, minimising pumping during 

operations and eliminating pumping after closure
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http://www.ipernity.com/doc/667303/34441555

Could discharge adits be used to control final water levels in 
the Witwatersrand Gold Fields?



Robust remediation 
solutions

Learning from nature

Working towards systems 
which don’t divert 
resources from other 
social needs

Utilise mine rehabilitation 
as a vehicle for education, 
training and skills 
development
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Mellor, E T. 1916. Geological Map of the 
Witwatersrand Gold Field. Pretoria: Union of South 
Africa Department of Mines and Industries, 
Geological Survey.
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Surface water 
crosses the 
undermined zone 
in a network of 
canals
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Ingress zone is 
completely 
undermined
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Canals appear to 
be in place, but 
may not be fully 
functional

Brick clay quarry 
developed over 
Main Reef sub-
outcrop, 
intersecting old 
shaft
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Canals have 
collapsed/subsided, 
leading to extensive 
ponding

Brick clay quarry 
flooded, with flow 
towards 
submerged shaft

Grootvlei West Pit Canal constructed in 
DMR/CGS/Mine partnership



The lack of information on historical mine sites is a 
serious stumbling block in addressing mining legacies.  
How do we ensure that the information we generate 

today remains available for future generations?

1917 1917-1939 1939-1957 1957-1995 1995-2002

Development and decline of mining
Change of land-use/land-cover
Building and decay of canals
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Environmental 
protection

Education

Sustainable 
end land use

Robust 
solutions

Institutional 
memory

Institutional 
capacity
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