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Linking Science, Society, Business and Policy for the
Sustainable Use of Abandoned Mines in the SADC Region

BACKGROUND AND MOTIVATION

With ever increasing global demands for mineral resources and the associated rise in mining activities 
worldwide, pressure is mounting to soon find affordable ways of using exhausted mines in a manner that 
prevents them from becoming long-term liabilities, often posing environmental and health risks while placing 
large financial burdens on future generations. Apart from significant once-off investment for post-closure 
remediation these costs are also caused by indefinite tasks such as ongoing post-mining water management. 

AIMS AND OBJECTIVES

In order to identify innovative ways for avoiding such scenarios from playing out – especially in the many mining-
dominated developing economies of the SADC region – international experts will meet at a dedicated conference 
in Johannesburg, South Africa from 28 to 30 November 2017. 

Organised by the German National Academy of Sciences Leopoldina and the Academy of Science of South 
Africa (ASSAf) the conference is funded by the German Federal Ministry of Education and Research (BMBF). 
It forms a continuation of the ‚Science-Business-Society-Dialogue’ conference that took place in 2016 in 
Pretoria and aims at bringing together key players from these different backgrounds. 

In view of the enormous volumes of acid mine drainage emanating from flooded gold mines in and around 
Greater Johannesburg and the immanent closure of hard coal mining in the Ruhrgebiet of Germany in 2018, 
this year’s conference theme is highly topical for both countries, South Africa as well as Germany. 

CONFERENCE ORGANISING COMMITTEE 
Dr Siyavuya Bulani (ASSAf, South Africa)
Dr Christiane Diehl (Leopoldina, Germany)
Mr Ewald Erasmus (Geotech/MWRG, South Africa)
Ms Anja Geissler (Leopoldina, Germany)
Ms Lea Heidemann (AHK, Germany)
Ms Friederike Kaiser (M Engin., EFZN, Germany)
Prof emer. Cyrill O’Connor (ASSAf, South Africa)
Prof Roseanne Diab (ASSAf, South Africa)
Dr Michael Paul (Wismut GmbH, Germany)
Prof Frank Winde (North-West University, South Africa)

Contact 

Dr Siyavuya Bulani
Academy of Science of South Africa (ASSAf)
International Liaison: Overseas Collaboration

T +27 12 349 6646
E siyavuya@assaf.org.za
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Responsibilities of the Competence Centre Mineral Resources 
– Business Considerations on Both Sides Strengthening 
   the Mining Sector
René Zarske
Southern African – German Chamber of Commerce and Industry NPC, 
Mining and Mineral Resources, PO Box 87078, Houghton 2041, South Africa
E: rzarske@germanchamber.co.za 

ABSTRACT

The Competence Centre Mineral Resources is supported by the Ministry of Economics and Energy and aims 
to be an information and networking platform for the industry. It is aligned with the Resource Strategy of the 
Federal Republic of Germany. Therefore, the Centre’s main focus is on Southern Africa, more specifically South 
Africa, Zambia, Zimbabwe and the Democratic Republic of the Congo. The objective of the Competence 
Centre is to strengthen the mining industry by creating market transparency, promoting cooperation and 
communication as well as promoting German technologies in the mining sector.

How Mining can and should be a Benefit to Investors, 
Workers, Local Communities and Host Nations
Bobby Godsell
Industrial Development Corporation,19 Fredman Drive, Sandown, Sandton, South Africa
E: bobby@godsell.za.com

ABSTRACT

“Mining, particularly in developing countries (and continents) has faced the idea of “the resource curse”.  
I have never found this idea very helpful. Of course countries which experience some kind of economic 
bonanza may use this bonanza well or badly. They may spread the benefits of the bonanza widely or narrowly.  
Examples of both are to be found in all sectors of economic activity. The lasting and wide spread benefits 
of tourism (or not) are a good example. If mining is to create real wealth this wealth must be enduring, and 
most leave countries and communities better off.
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Cleaning up after Mines Long Gone: Understanding the
Complex Dimensions for Inclusive Development
Shingirirai S Mutanga
Human Science Research Council (HSRC), Private Bag X41, Pretoria, South Africa
E: smutanga@hsrc.ac.za

ABSTRACT

Mining is South Africa’s historical breadbasket 
which has brought great economic wealth to 
the Nation. It has equally been accompanied by 
giant environmental and social baggage in the 
form of social inequalities and ills, the apartheid 
machinery, and of course environmental injustices. A 
considerable group of historical mining beneficiaries 
have exited, and continue to exit the industry 
within South Africa, leaving behind a scourge of 
broken labour systems, social decay, poverty, and 
of course the abandoned mine shafts. Specific 
to the environment the chapter engages with the 
conundrum of who should ideally take responsibility 

for the current state of affairs. The chapter reflects on 
the complex dimensions to environmental injustice 
against the backdrop of selected sustainable 
development goals (SDG). The goals advocates 
for the protection, restoration and promotion of 
sustainable use of terrestrial ecosystems, and halt 
and reverse land degradation and biodiversity loss. 
The chapter uses complexity science with a specific 
focus on water and land resources to understand 
the negative externalities of production, which are 
important in assessing the short term and long term 
benefits of mining activities. 

“The difficult we do immediately. The impossible takes a little longer.”
- Motto of the U.S. Army Corps of Engineers during World War II

An Innovative Approach to Socio-Economic Closure 
on the West Rand of Johannesburg
Grant Stuart
Sibanye Gold, Private Bag X5, Westonaria, 1780, South Africa
E: grant.stuart@sibanyegold.co.za 

ABSTRACT

There is a long history of gold and uranium mining on the West Rand of Johannesburg, with an estimated 1.3 
billion tonnes of surface tailings, containing in excess of 170 mlbs (million pounds) of uranium and 11moz of 
gold. Following the unbundling of Gold Fields* in 2013, the creation of Sibanye and the subsequent acquisition 
by Sibanye of other operating mines on the West Rand, the critical mass, grade and scale of the Sibanye 
resource, catalysed the development a long term sustainable solution to some of the pollution challenges of 
the West Rand. >> 
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>> Key to the successful execution of the solution 
is the proposed West Rand Tailings Retreatment 
Project (WRTRP). The WRTRP is well understood 
with an 8 year history of extensive metallurgical 
test work and design. A definitive feasibility study 
(“DFS”) for the WRTRP has recently been completed 
and has shown sufficient value that underpins a 
significant opportunity to extract value from these 
surface resources and at the same time present 
a sustainable solution to the water and pollution 
challenges on the West Rand. 

The WRTRP involves the construction of a large-scale 
Central Processing Plant (“CPP”) for the economic 
extraction of gold and potentially uranium and 
sulphur from these historical tailings dams situated 
on the ecologically sensitive dolomitic acquirers. 
Impacted mine water will be used for the hydraulic 
reclamation process. A further objective of the 
project includes the re-deposition of the residues, 
in accordance with modern sustainable deposition 
practices, onto a well-managed Regional Tailings 
Storage Facility (RTSF) located off the dolomites. 
The return water emanating from the facility may  
be treated to potable water standards or reused in 
the circuit.

The intention is to ultimately process all the tailings 
on the West Rand, even those tailings dams not 
necessarily owned by Sibanye, in an attempt to 
clean up the environment. Construction of the 
first module is expected to take between up to 24 
months from the receipt of all necessary regulatory 
approvals including the Water Use Licence (WUL). 

BENEFITS OF THE PROJECT:

The following benefits are envisaged as a result of 
the successful execution of the WRTRP:

• Significant regional financial investment, into the 
declining West Rand over the operation’s life of 
more than 35 years;

• Significant job creation opportunities with up to 
4500 jobs created during the initial construction 
phases and approximately 500 sustainable jobs 
over the >35-year life of the operation;

• Enhancement of the currently impacted sensitive 
dolomitic aquifers and water resources through:

- The removal and remediation of the 
underlying footprint of the historical TSFs, 
currently located on the sensitive dolomitic 
aquifers;

- The deposition of the reclaimed and 
reprocessed tailings onto a single large 1350 
ha RTSF which is currently used for cattle 
grazing and maize production, constructed 
on low permeable bedrock, away from 
sensitive dolomitic areas and suitable for 
accommodating tailings tonnages from the 
entire district;

• Release of valuable land (~1,400 ha), through 
remediation of the underlying footprints, for 
sustainable land use in line with local Integrated 
Development Plan (“IDP”) initiatives;

• Reduction of health risks to surrounding 
communities by addressing persistent dust fallout 
through the removal of these historical TSFs;

• Depositing the tailings onto a lined RTSF thereby 
averting the AMD risk and cleaning of currently 
impacted mine water; and

• The use of currently impacted mine water for 
re-mining and the subsequent treatment of the 
water through the proposed Advanced Water 
Treatment Facility (“AWTF”) or reuse.
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Mine Legacy Sites: A Brief Global Overview 
on Remediative Approaches to Date
Christian Wolkersdorfer
Tshwane University of Technology, Private Bag X680, Pretoria, South Africa
E: WolkersdorferC@tut.ac.za 

ABSTRACT

This presentation will provide a short overview about mine legacy sites in selected countries (e.g. Germany, 
Canada) and how the mine closure and remediation was tackled there. It will provide insights into various 
approaches and will range from (monitored) natural attenuation to intensive remediation projects with active 
and passive mine water treatment. Both, successful and less successful sites will be presented and an outlook 
into South African options will be provided.

Sustainable Post-Closure Development - is it Achievable?
Pieter Scholtz
Aurecon Mining, Lynnwood Bridge Office Park, PO Box 74381 Lynnwood Ridge, South Africa
E: Pieter.Scholtz@aurecongroup.com

ABSTRACT

The Facts:
1) South Africa has over 6000 derelict and 
 ownerless mines that will cost the tax payer many 
 billions of rands to make safe;

2) The mining industry in South Africa is finding 
 it increasingly difficult to attract investment and 
 operate profitably;

3) South Africa has a housing shortage; a looming 
 water crisis and souring unemployment;

4) South Africa doesn’t have a single holistic 
 successfully closed mine; and

5) Mine closure is much more than just environmental
 rehabilitation. 

The Question:
Is it possible to close a mine in such a way that 
sustainability is achieved without it placing an 
increased financial burden on the mining company? 
With the facts above as the cornerstone from where 
to think about this question, consideration will be 
given to how the new closure legislation, the mining 
charter, the UN’s sustainable development goals and 
global examples further affect what is possible.

The Conclusion:
Yes, provided we are willing to think and work a 
little differently than we used to. No, if we believe in 
business as usual.
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Why this Conference? 
Motivation, Approach, Aims and Objectives
Frank Winde
Mine Water Re-Search Group, NWU, Vaal Campus, South Africa

ABSTRACT

It is hardly a coincidence that archeology uses man’s 
ability to mine different types of commodities for 
marking the stages of civilization. From using flint 
stones to the bronze and iron ages to the industrial 
revolution – mining was and remains a defining 
activity of human development. While the first 
miners, in today’s terms, were ‘early adaptors’ using 
fire to liberate metal from rock, it was also mining 
that employed the first steam engine kick-starting 
the industrial revolution. And again it is mining which 
these days pushes the technological boundaries by 
exploring ways to extract resources from the bottom 
of the oceans and from asteroids in outer space. 

Apart from providing the mineral resources mankind 
uses for tools, housing and transport, mining also 
met man’s ever increasing hunger for energy through 
finding and brining to surface coal, oil and gas or 
uranium. And even with sun and wind increasingly 
replacing the latter as sources of energy mining 
remains pivotal as it provides the many bizarre 
and hidden chemical elements now needed for 
permanent magnets in wind turbines, solar panels 
and the ubiquitous batteries. With more resources 
needed per energy unit produced in future and an 
ever growing demand for minerals and building 
materials by a growing and urbanizing world 
population with a larger middle class emerging 
than ever before in human history, mining is by no 
means a sunset industry. However; sooner or later 
each individual mine will close – even if we are still 
notoriously bad in predicting when this will be. And 
it is these closed or simply left-alone (abandoned) 
mines that turned from assets into liabilities 
bequeathed onto future generations, that are in the 
focus of this conference. 

Since September 2002, when acidic mine water 
first decanted from an old unknown shaft Chinese 
miners dug a hundred years ago in the West Rand, 

the environmental challenges by the uncontrolled 
flooding of underground mines became ever more 
apparent in South Africa. It reached a first climax 
when mines underneath Johannesburg eventually 
also stopped pumping in 2008 after an explosion 
destroyed the last operating pump chamber. 
Subsequent media reports predicting crumbling 
skyscrapers and large sinkholes caused by the 
corrosive mine water rising to surface eventually led 
to governmental intervention which since added a 
significant economic burden to the ecologic risk. 

While large-scale water pollution emanating 
from abandoned mines may be particularly 
concerning for a water-stressed country it is by 
no means confined to South Africa but a problem 
of truly global proportions ranked second only to 
climate change and ozone depletion by the US 
Environmental Protection Agency. With well over 
550,000 abandoned mines in the US alone, i.e. 
mines that never went through a formalized closure 
process, and nearly 20,000 kms of contaminated 
water ways the Agency certainly has good domestic 
evidence on extent and severity of the problem. This 
number could almost make the approximately 6000 
abandoned mines in South Africa look small, if it 
were not for the vastly different economic resources 
available to deal with them in the respective countries. 
And this is only a fraction of the many legacy sites 
in the mining-heavy SADC region, which - despite its 
mineral wealth - remains one of the poorest regions 
worldwide. Apart from environmental pollution and 
land degradation mining communities especially in 
resource-restricted economies of the developing 
world typically also suffer from a range of mining-
related health hazards including dust pollution, 
contaminated foodstuff and elevated radiation 
levels to name but a few. >>



7

Linking Science, Society, Business and Policy for the
Sustainable Use of Abandoned Mines in the SADC Region

>> Apart from their large numbers and enormous 
spatial dimension mines, abandoned or properly 
closed ones, are here to stay - for ever. This fact is 
now recognized in Germany where tasks relating to 
post-closure water management, for example, are 
termed as what they truly are ‘Ewigkeitslasten’ i.e. 
an eternal burden on future generations. With hard 
coal mining in the famous Ruhrgebiet that powered 
much of the German economic recovery after World 
War II finally coming to an end in 2018, the region is 
now also seeking affordable and sustainable ways 
of addressing these eternal tasks. Similar efforts 
are underway elsewhere in Europe, as well as in 
Asia, South America and Australia – from where 
this conference managed to draw expertise. In this 
context we are proud that this conference, for the 
first time, brings together all five research teams 
currently investigating the use of mines for storing 
(renewable) energy at sites in Australia, Finland, 
‘Germany and South Africa. In contrast to other 
mining conferences this meeting puts its focus 
not on mining itself but the often neglected time 
thereafter, soliciting new approaches on how to 
address this century-old problem. Approaches that 
are both, affordable (and not only for developed 
countries) and sustainable in economic and 
ecologic terms. 

But even the most innovative and smart technologies 
for ensuring a sustainable post-closure development 
will only succeed if the needs of affected 
communities are truly taken to heart through active 
and honest participation. Trust may often need to 
be rebuild especially where rich mines for decades 
operated next to poor and destitute communities. 
One of the ambitious goals of this conference is thus 
help to answer what many communities affected by 

mine closure may ask: If the mines couldn’t lift us up 
while they were still making money – how can we 
trust them doing this once they no longer mine?

Recognising the need for a holistic approach to this 
complex issue this conference is structured in four 
major parts: First, outlining the problems associated 
with abandoned mines in the SADC region as well 
as in other parts of the world in order to create 
full awareness among all stakeholder in industry, 
policy making and civil society; Second, reviewing 
success and failures of past efforts to remediate 
legacy sites based on international case studies 
in order to see what to do and not to do in the 
future; Third, exploring a range of novel and even 
daring technological solutions for achieving a truly 
sustainable and lasting post-closure development, 
and lastly, analyzing the legal and social needs and 
requirements for successfully implementing any of 
the possibly identified measures. 

As the conference ultimately aims at the practical 
implementation of identified solutions it brings 
together the four major role players needed for 
achieving this: scientists providing ideas and 
possible solutions, industry as implementing agent, 
policy making as enabling force and civil society as 
ultimate authority for approving (socially licensing) 
adopted measures. In that sense we wish all 
participants, speakers and listeners alike, to return 
home with the feeling that it was worth their time to 
come to this conference.
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Environmental Health Impacts of Mining in Africa
Theophilus C. Davies
Department of Geology, University of Nigeria, Nsukka, 410001 Nsukka, Nigeria 
E: theo.clavellpr3@gmail.com  

ABSTRACT

As the global market for mineral commodities slowly 
declines, slimmer margins are forcing international 
mining companies to shed their mining assets. In 
Sub-Saharan Africa, because of economic pressures 
and slower evolution of environmental awareness, 
local communities have been particularly exposed 
to the detrimental effects of these old mining sites, 
such as contamination on public health, agriculture 
and the environment due to inappropriate mining 
techniques that were used, poor tailings processing 
and mine waste disposal practices. There is not as 
yet widespread application of modern rehabilitation 
techniques in many mined-out lands across the 
Sub-Region. 

To address these legacy issues, the UNESCO/SIDA 
Project (2013 to 2017) entitled: “Mapping and 
assessing the environmental and health impacts 
of abandoned mines in Sub-Saharan African 
countries“ was mandated, through the use of 
various innovative techniques, to:

(i)  research on nature of the negative effects of 
mining activities, particularly abandoned 
mines, on ecosystems (soils, animals, 
plants and fungi, as well as on surface and 
groundwater), and the health of neighbouring 
communities;

(ii)  identify, through experimentation, the most 
appropriate rehabilitation technologies and 
remedial actions for trace metal contaminated 
sites from mining;

(iii)  provide science-based knowledge and advice 
to governments and local authorities on 
land-use planning and on the best available 
remediation technologies to mitigate 
environmental disaster in contaminated 
regions; and

(iv) promote  a peaceful mining atmosphere 
through educational and outreach activities.

These tasks were carried out in 29 experimental 
sites by expert groups drawn largely from 
geoscience institutions in 17 countries within the 
Sub-Region. The focus was on environmental 
problems related to mining in specific geological, 
hydrogeological, geomorphological and climatic 
settings. Most of the findings of the first phase of 
the Project are reported in a Special Issue of the 
Journal of Geochemical Exploration  (Volume 144, 
Part C of 2014). Papers in this Special Issue bring 
out new data and new methods in the assessment 
of contamination of soils and terrestrial ecosystems, 
as well as mechanisms and factors controlling the 
spread of pollutants during the leakage of acid 
mine waters and their drainage.

Special attention is paid to environmental issues 
related to small-scale and artisanal mining for 
gold in Sub-Saharan Africa. An outline of possible 
measures to be implemented to reduce the negative 
impacts of ore mining and mineral processing 
on the environment and human health is also an 
integral part of the majority of contributions in this 
Special Issue.

A principal task now is to take a step further and 
look critically at how abandoned mines in the Sub-
Region can be converted to store and produce 
renewable energy, as well as to chart out innovative 
ways of remediation, and thus transform these 
mines from potential liabilities to future assets.

KEYWORDS: Abandoned mines, assets, liabilities, 
renewable energy, Sub-Saharan Africa



9

Linking Science, Society, Business and Policy for the
Sustainable Use of Abandoned Mines in the SADC Region

Mining Legacies and Sustainability in South Africa
Henk Coetzee1,2

1Council for Geoscience, Private Bag X112, Pretoria, South Africa
2Department of Geosciences/Africa Earth Observatory Network, Nelson Mandela University,
Summerstrand Campus, Port Elizabeth, South Africa
E: henkc@geoscience.org.za  

ABSTRACT

Minerals have played an important role in economic development in South Africa for more than a century. 
This has not happened without environmental impacts, which in some cases have had serious consequences. 
In South Africa, a large number of mines ceased operations before modern legislation was in place, requiring 
closure which aims to minimise the long term environmental impact, resulting in environmental legacies, 
which now become a burden on affected communities and on the nation as a whole. The presentation uses 
examples from studies on these abandoned mines to illustrate possibilities for managing these legacies in a 
sustainability framework. 

The Legacy of Mining: Perspectives on Past Practice 
and Future Options – A Community Centered View 
from South Africa.
David van Wyk
Bench Marks Foundation, South Africa Bench Marks Foundation,
Khotso House, Marshalltown, Johannesburg, South Africa
E: d.vanwyk58@gmail.com 

ABSTRACT

The presentation will introduce the Bench Marks 
Foundation and present a problem statement on 
the legacy of mining on near mine communities 
throughout the life of mines looking at mining 
in Gauteng. This includes looking at weaknesses 
in mining and environmental legislation and the 
externalisation of costs. Focus will be on abandoned, 
derelict and ownerless mines along Main Reef Road. 
Social, health, environmental and economic impacts 
will be highlighted as well as the consequences of 

not addressing the urgent arising issues in the short, 
medium and long term. It will indivate the decline in 
industrial mining and the need for proper planning, 
policy and legislation for micro, survival and small-
scale mining. The paper will suggest community 
centred future options that could make mining 
more accessible, safe and acceptable to Gauteng 
communities noting that such options could be 
replicated elsewhere.
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Management of Abandoned Mines in the SADC Region
Masinja J.H.1, Simukanga S.2, Witika L.K.1, Musonda K.J.3
1University of Zambia, School of Mines, Great East Road Campus,
Box 32379, Lusaka, Zambia.
2Ministry of Higher Education Headquarters, Higher Education Authority, Lusaka, Zambia
3United Nations University, Institute of Natural Resources in Africa, Mineral Resources Unit, 
University of Zambia School of Mines, Great East Road Campus, Box 32379, Lusaka, Zambia.
E: hichikoko.masinja@unza.zm; Jewette_masinja@yahoo.com

ABSTRACT

A mine may be defined as abandoned, in more 
than one way. This is because of constant changes 
in what are considered as acceptable mine site 
rehabilitation standards, and also that what is seen 
as mining waste now, may well be considered as a 
resource later, as mining technology changes and 
improves. However, a useful working definition is: 
“Abandoned mines are sites where mining activities 
occurred but mine closure and reclamation was 
incomplete, unacceptable or did not occur” (Fraser 
Institute, 2012). 

In the light of the above definition, there are a 
large number of documented abandoned mines in 
Africa and the SADC region in particular (http://
abandonedminesafrica.org/, 2017), because the 
continent is richly endowed with high value mineral 
reserves that are of world-class significance 
(Jourdan, 2017).

There are many reasons that lead to mine 
abandonment, and these include: lack of legislation 
or implementation of necessary legislation that 
governs the closure of mine operations; economic 
stress; technological limitations; political and social 
unrest; small-scale or artisanal operations; and, 
Illegal mining activities. 

This paper focuses on and compares pertinent 
aspects of the legal requirements of mine closures 
in the SADC region, and highlights the responses of 
respective authorities in a number of member states, 
to the problems caused by abandoned mines, and 
draws useful lessons from this treatment.

KEYWORDS: Abandoned mine, rehabilitation, mine 
closure, abandonment certificate.
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EXPERIENCE IN MINE REMEDIATION
CASE STUDY GERMANY: URANIUM MINING
Michael Paul
WISMUT GmbH, Unternehmensleitung, Jagdschänkenstraße 29, 09117 Chemnitz, Germany
E: m.paul@wismut.de 

ABSTRACT

Following German re-unification in 1990, uranium 
production of SDAG Wismut in East Germany was 
terminated due to both political and economic 
reasons. During 45 years of inconsiderate and 
destructive exploitation a total of 216,000 metric 
tons U produced had been accompanied by more 
than 1 billion tonnes of mine waste and seriously 
affected and devastated areas in a densely 
populated region of about 10,000 km2. With the 
Wismut law issued December 1991 the Federal 
Republic took responsibility and Wismut GmbH as 
the successor company was mandated by federal 
legislation to perform decommissioning and 
remediation of the mining legacies. Wismut was  
re-structured and transformed into a remediation 
enterprise comprising fairly independent operations 
branches at the former production sites and a head 
office providing supervision in terms of technical, 
commercial, and human resources management. 
Funding from the Federal budget is based on annual 
work plans, whereas revenues are allocated to lower 
the financial requirements.

The Wismut mandate combines the systematic 
conversion of a former large-scale mining enterprise 
with the full scope of environmental remediation: 
closure of underground mines, demolition of 
contaminated infrastructure, safekeeping of tailings 
and waste rock, area clean-up, land rehabilitation, 
site clearance, effluent management, environmental 
monitoring, and after-care.

The environmental damage caused confronted 
the newly established remediation company with 
an intervention situation of a very particular kind: 
phasing out of production, stock taking, data 
acquisition, mitigation of immediate hazards, and 
development of technical remediation concepts 
had to be pressed ahead in  parallel to corporate 

restructuring and opening up of the formerly 
sealed off large-scale company. Conceptual closure 
plans had to be developed for each of the seven 
former sites concurrently with the preparation of 
detailed designs and the execution of immediate 
action. A combination of bottom-up and top-down 
approaches was chosen as planning methodology 
with a view of ensuring the continuity of remedial 
works while preserving the conceptual consistency 
of all individual measures.

Among the key issues to be addressed in deriving 
basic decision options in view of the remediation 
of large-scale objects was the search for long-term 
stable remedial solutions to be characterised by 
robustness, minimal residual risks, and low post-
remedial care. To this end, cost-benefit and multi-
attribute analyses were performed on the basis of 
conceptual site models by means of which remedial 
efforts were balanced and remedial measures 
adjusted to object-specific requirements.

The applied remedial concepts and technologies 
were designed by integrating international state-of-
the-art know-how and expertise. Unlike in regular 
civil engineering projects, the implementation of 
the remedial measures turned out to be an iterative 
process rather than a linear succession of individual 
tasks, taking into account the novelty of the tasks 
on the one hand and the extensive regulatory and 
stakeholder negotiations required on the other.

Comprehensive project management units (PMUs) 
were established to handle complex remediation 
activities. Key functions like permit management and 
procurement were strictly organized headquarter-
based; the respective departments were equipped 
with extensive competences to ensure company-
wide consistency and QA/QC regarding >>
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>> approval documents and public procurement. 
By 2017, more than 9,300 individual permits had 
to be gained as a precondition for the physical 
work. To avoid critical shortage of permits specific 
communication and management tools had been 
established in cooperation with the competent 
authorities, including prioritization lists, regular 
status meetings and pre-application conferences 
for priority projects. Since about 50% of the 
remediation funds were contracted-out, public 
procurement procedures became a key driver 
in terms of efficiency and remedial progress. An 
important lesson to be learned relates to early 
and focused stakeholder involvement, which must 
be understood as a necessary precondition for 
any successful project implementation. In order 
to continuously identify and evaluate operational 
and strategic risks a centralized risk management 
system was implemented.

Retaining valuable skills amongst the existing 
personnel in order to maintain a stable workforce 
at management and operator level turned out to be 
another crucial aspect. Continuous staff reduction 
was managed in a socially acceptable manner, 
retaining key qualifications for remediation work 
by professional training of remaining personnel. 
Sometimes underestimated in its importance, the 
preservation of know-how and the management 
of data and information is understood as key 
issue to guarantee the integrity of the remediated 
objects and the sustainability of the remediation 
work as such.

By status as of November 2017, remediation 
operations under the Wismut Environmental 
Restoration Project were to a great extent 
completed. Remaining tasks are mainly driven by 
long-term obligations including water management, 
care and maintenance, environmental monitoring 
and record keeping. 
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Remediating Mining Legacy Sites 
– International Experiences and Lessons Learned by the IAEA
Horst Monken-Fernandes
International Atomic Energy Agency, Vienna International Centre, PO Box 100, 1400 Vienna, Austria
E: H.Monken.Fernandes@iaea.org 

ABSTRACT

The Basic Principles of Nuclear Energy published 
by the IAEA include the protection of people and 
the environment; long-term commitment; resource 
efficiency and continual improvement. These are in 
line with the IAEA Fundamental Safety Principles 
that address the protection of present and future 
generations and the adoption of protective actions 
to reduce existing or unregulated radiation risks. 
All these principles align very well with the United 
Nations’ Sustainable Development Goals (SDG’s) 
[ref] and in this sense the IAEA plays an active role in 
helping its Member States to use nuclear techniques 
aligned with these goals. 

Sustainable development is therefore linked with the 
capacity of different countries to avoid transferring 
undue burdens to future generations and that means 
being able to address the environmental legacies 
from past operations that were developed when the 
framework of understanding and regulations was 
less well-developed. Despite significant progress 
having been achieved in recent years, much remains 
to be done in terms of addressing the legacies from 
the early development of nuclear energy and those 
include the remediation of sites affected by past 
uranium mining and processing operations. 

Despite the progress achieved by some countries, 
many national programmes still face significant 
challenges in dealing with the remediation of such 
sites. The IAEA has in place different mechanisms 
to assist its Member States to have in place a proper 
infrastructure and technologies for managing their 
radioactive legacies and resolve all related issues 
in a timely, safe and cost-effective manner. These 
include technical publications - consolidating the 
international good practices, IAEA safety standards 
(requirements, guides and safety reports); direct 
support by means of technical cooperation projects, 
networking and organisation of different events 
including major international conferences. 

Lessons learned with all these efforts indicate 
that for proper and efficient implementation of 
remediation works governments need to establish 
national policies supported by a robust legal and 
regulatory framework. Provision of appropriate 
funding, properly qualified personnel and historical 
knowledge are three issues that have the most 
effect on a remediation project. In addition to these, 
societal aspects can dramatically influence the 
implementation of remediation projects. Therefore, 
well-considered stakeholder involvement plans 
and development of appropriate communication 
programmes are necessary. 

Finally, it is recognized that a joint international 
effort is needed to assure the advancement on 
implementation of remediation of uranium mining 
legacy sites. International organizations can make 
available examples of good practices and  facilitate 
these efforts. Important points to be highlighted here 
include the stimulation of cooperation, coordination, 
and co-funding of remediation activities; sharing 
of information on past, on-going, and planned 
activities in order to maximize effectiveness and 
avoid redundancy; exchange of information on 
best practices and experiences to avoid repeating 
historical mistakes; provision of stable platforms 
with permanent membership for the elaboration 
of joint projects; and outlining what specifically 
needs to be funded and what regional solutions are 
available. Three major activities of the IAEA in this 
regard include the Coordination Group for Uranium 
Legacy Sites (CGULS), the International Forum for 
the Regulatory Supervision of Legacy Sites (RSLS) 
and the network of Environmental Management and 
Remediation (ENVIRONET).

This paper/presentation will outline the key factors in 
successful mine remediation, sharing some examples 
of good practice, highlighting available information 
and providing access to relevant mechanisms.
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Remediating Mining Legacy Sites:
Chilean Tailing Bodies – Structural Understanding,
Water Behaviour and the Option of Selective Recovery
Dr Nils Hoth
TU Bergakademie Freiberg - University of Resources, Germany
E: Nils.Hoth@tu-freiberg.de 

ABSTRACT

The talk presents main results of a research project 
carried out by TU Bergakademie Freiberg, together 
with Chilean (e.g. Universidad de Concepcion) and 
German Project Partners (e.g. BGR, G.E.O.S.).

Of course there is a special situation for Chilean 
tailings sites, because of the relevance of earth 
quake events. Nowadays the mining rules causes 
that fresh tailings material can’t be disposed around 
the mine sites in higher altitudes. The tailings have 
to be sent to impoundments in valley structures in 
lower altitudes, often far away from the mine sites.

Former, older tailings bodies are still around the 
mines and for them the question of geotechnical 
stability is also coupled to the question of potential 
recovery of these bodies. In relation to that, the 
project investigated also the content of valuable and 
industrial strategic elements of these older materials.

In general an important factor for re-extraction is, 
that the energy for milling of these older materials, 
in comparison to primary ore materials, was 
“already invested”. As introduction the talk shows 
how divergent the view/ “definition” of industrial-
strategic elements is. 

Furthermore it is important to get a structural 
understanding of these tailing bodies with their 
“layering” behaviour. Therefore geophysical 
investigations are very helpful, also in order to 
get an understanding about water movement in 
these bodies.

For one site a concept for recovering the tailings 
body by means of large equipment technology 
is discussed shortly. Therefore a comparative 
evaluation of continuous mining (bucket chain 
excavator) to Shovel & Truck and to hydraulic 
mining technology was done. But for the question 
of recovery/ re-mining, a deep understanding also 
of the hydrogeo-chemical behaviour is necessary. 
So in the upper, partly-oxidized materials a high Cu-
mobility influences this decision. 

Furthermore the talk discusses for heap leaching 
residual materials the strong mobilisation of valuable 
elements and chances for ionic separation. In relation 
to the environmental impact of the water runoffs of 
these mining bodies, the sorption of metal loads on 
geochemical barrier materials was studied, too.
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Remediation of Mining Legacy Sites: Chinese Practice
Qingshan Zhu
Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China
E: qszhu@ipe.ac.cn 

ABSTRACT

In the present presentation, the overall situation 
about the mining sites of China will be introduced, 
including the number of total mines, closed 
mines and remediated mines. The challenges of 
remediation of mining sites faced by China will 
also be presented, together with Chinese national 
strategy to solve the problems. Subsequently, 
Chinese practices to remediate mining legacy sites 
will be introduced with examples, including land 
reclamation and ecological remediation of coal and 

iron ore mines; the maintenance and ecological 
restoration of gangue waste piles; comprehensive 
utilization of coal gangue; iron ore concentration 
extraction from iron ore tailings by innovative 
beneficiation technologies; the exploration of 
red mud utilization produced by Al2O3 industry. 
In this presentation, Chinese practice to build 
photovoltaic power generation plants on closed 
tailings reservoirs will be also shown.

UNDERGROUND PUMPED HYDRO ENERGY (UPHES) 
FEASIBILITY: CASE STUDY SOUTH AFRICA
Frank Winde1, Friederike Kaiser2, Ewald Erasmus1

1Mine Water Re-Search Group, NWU; South Africa; 
2EFZN, Goslar, Germany
E: Frank.Winde@nwu.ac.za 

ABSTRACT

This paper explores the usability of deep level gold 
mines in South Africa for installing underground 
pumped hydro energy storage (UPHES) based on 
a case study in the Far West Rand (FWR) goldfield. 
Favourable conditions in terms of ultra-deep, non-
flooded shafts, extensive underground storage 
space and abundance of water from an overlying 
karst aquifer render gold mines in the FWR 
exceptionally suitable for UPHES. With generating 
capacities ranging from 0.5 to over 5 Gigawatts 
depending on selected dimensions, UPHES are not 
only of potential significance to local gold mines 
suffering from frequent power cuts but also for 
closing the peak load shortfall of the national grid 
as well as for storing surplus energy from rapidly 
growing renewable energy input. Most importantly, 
UPHES are able to avert large future costs for post-
closure mine water management by preventing the 

flooding of mine voids in a financially sustainable 
manner. Through protecting scarce water resources 
in the semi-arid region from flooding-related 
contamination and generating electricity, UPHES 
provide two most critical elements for successful 
post-closure development of former mining towns: 
energy and water. Based on preliminary assumptions 
this study found that UPHES in the FWR are not 
only technically feasible and economically viable but 
also an important means to address crucial national 
challenges in the energy and water sector. It is 
strongly recommended to conduct a more detailed 
follow-up study aimed at establishing a world’s first 
reference project in South Africa. 

KEYWORDS:
aquifer, underground pumped hydro energy storage, 
underground, deep level gold mines, karst
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Implementing Pumped Hydro Energy Storage at an 
Open Pit Gold Mine: A Pilot Project from Australia
Simon Kidston
Genex Power Limited, Australia
E: info@genexpower.com.au 

ABSTRACT

Genex Power Limited is an Australian publicly listed 
company on the ASX (under the code ‘GNX’), 
focused on generation and storage of renewable 
energy. Genex is developing a renewable energy hub 
in north Queensland, integrating large scale solar 
with pumped storage hydro. The Genex Kidston 
Renewable Energy Hub is a world first, innovative 
integration of intermittent solar energy with low cost 
energy storage creating “Renewable Energy On Tap”. 

The 250 MW Kidston Pumped Storage Hydro 
Project will utilise the two mining voids of the closed 
Kidston Gold Mine, which will act as the upper and 
lower reservoirs for the pumped hydro scheme. 
As part of the rehabilitation of the mine, these 
two voids were filled with large volumes of water, 
resulting in the present-day configuration. Utilising 

this configuration will save significant amounts of 
capital and construction time. This will be the first 
project in the world to utilise an abandoned gold 
mine for this purpose. 

In addition, the 50 MW Kidston Solar Project, 
currently under construction, has been developed 
on the tailings storage facility of the closed gold 
mine, which has provided a very consistent, flat 
terrain, ideal for a large-scale solar project. 

The mining site offers a number of additional pieces 
of infrastructure which Genex will utilise for the 
Kidston Renewable Energy Hub, including an existing 
transmission line, substation, accommodation camp, 
solid road access and an airstrip. 

UPHES FEASIBILITY:
CASE STUDY FINLAND - AN INNOVATIVE PUMPED-STORAGE 
PROJECT IN AN UNDERGROUND MINE
Ernst Zeller
Pöyry Energy GmbH, Kranichberggasse 4, J2 1120 Vienne, Austria
E: ernst.zeller@poyry.com

ABSTRACT

The paper will outline a feasibility study conducted 
by Pöyry on how to best integrate an Energy Storage 
plant, applying pumped-storage technology, 
into the existing Pyhäsalmi underground mine in 
Finland.  In particular the paper and presentation 
will focus on the integration of a pumped-storage 
power plant (PSPP) into an existing underground 
mine infrastructure and the unique engineering 
features related to the very high hydraulic head 

of 1400 m. The study includes assessment of 
alternative options, civil and geotechnical design 
of the plant, assessment and layout design of 
hydropower equipment, energy generation 
assessment and energy market analysis, project 
construction schedule, cost estimates, risk analysis 
and project economic analysis. >>
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Figure 1: 3D Model overview of the underground 
mine and the PSPP.

>> The Pyhäsalmi mine is, with a depth of 1400 m 
the deepest base metal mine in Europe. It offers 
globally unique opportunities due to the existing 
mine infrastructure and the very high head which 
could be utilised for hydro generation. In addition 
the Pyhäsalmi mine is well located to offer balancing 
services for the Finnish national grid.

Pöyry has investigated in an initial study several 
concepts with different sizes of installed capacity 
ranging from 50 to 400 MW. Based on these 
outcomes a detailed feasibility study has been 
elaborated which will form the basis for future 
investment decision and will provide a sound basis 
for project evaluation.

The technical features comprises an existing 
rock-quarry converted into the upper reservoir, a 
headrace tunnel, an unlined 1400 m long vertical 
pressure shaft, a rock trap and lined pressure 
tunnel, a power cavern with a ternary unit set 
(Motorgenerator, Pelton turbine and multi-stage 
pump) and underground storage tunnels as a 
lower reservoir. A 3D-model overview is presented 
in Figure 1.

Due to the currently relative challenging energy 
market conditions an adoptive approach has been 
developed in order to reduce the investment risk, 
meaning that the Energy Storage Plant can be 
developed in stages. Several capacity sizes from 75 

to 200 MW have been investigated in detail and 
the results include technical evaluation and cost 
estimates, market models and economic analysis. 
Due to some engineering design optimisations 
and expected benefits from the energy market the 
outcome appears promising. However, the future 
project development will be strongly dependent on 
potential investors and the market outlook.

UPHES FEASIBILITY:
CASE STUDY GERMANY - ORE MINES (EFZN STUDY)
Uwe Düsterloh 
Clausthal University of Technology, Germany
E: uwe.duesterloh@tu-clausthal.de 

ABSTRACT

Within the framework of the Kyoto Protocol and 
supplement agreements Germany committed itself 
to become a greenhouse gas-neutral country in 
2050. Based on the aforesaid government priority 
for environmental and energy policy the difference 
between availability and demand of energy in time 
and location will increase, because wind power, 
solar power and hydro power are in general daily 
and seasonal fluctuating energy resources. To 
compensate the intermittent energy supply a 

higher demand for regulating energy is required. 
With respect to available storage technologies 
shown in Figure 1 Pumped-Hydro-Energy-Storage 
plants (PHES) are a suitable technology to deliver 
temporary storage of energy both regarding storage 
capacity and release time. In case of mounting an 
Underground-Pumped-Hydro-Energy-Storage 
plant (UPHES) the large impact of conventional 
PHES plants on the landscape can be avoided. >>
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Figure 1: Available storage technologies
(IDST-International Defence, Security and Technology)

Against the preceding drafted background the 
Federal Ministry for Economic Affairs and Energy 
(BMWI) has funded a research project to examine 
the feasibility of a wind power storage by using 
the technique of UPHES in abandoned ore mines. 

The research project was coordinated and guided 
by the Energy Research Center of lower Saxony 
(EFZN) and executed by an interdisciplinary work 
of in total 8 partners, Figure 2.

Institute of German and 
International Mining Law 
and Energy Law

Institute of Geotechnical 
Engineering and Mine Surveying

OECOS GmbH 
Environmental Planing 
Consultancy

Institute of
Management 
and Economics

Institute of Mechanical 
Engineering & Voith AG

Institute of Waste Disposal 
Technologies and Geomechanics

Institute of Electrical Power 
Engineering and Energy Systems

Institute
of Mining

Figure 2: Joint research project UPHES - participant organisationsTechnology)

>>

>>
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>> The presentation gives an overview about key 
aspects of the research work done by the Institute 
of Waste Disposal Technologies and Geomechanics 
to estimate in general the feasibility of UPHES 
plants using abandonment ore mines. 

Similar to the findings of all other participant 
organisations main results of the geomechanical 
part of the project can be summarized as follows:

(a) UPHES plants are in general feasible.

(b) Feasibility of UPHES plants is significantly 
 reflected by site specific boundary conditions.

(c) The scientific content of the investigations 
 belonging to an UPHES plant is less innovative. 
 But, the matching of questions and demands 
 between economical, technical, electrical, 
 ecological, geological, judicial, rock mechanical, 
 e.g. parts of an UPHES plant deliver the 
 additional benefit. 

(d) Due to the complexity of an UPHES plant on 
 the one hand and the high risk capital to realize 
 an UPHES plant on the other hand an entire 
 UPHES plant at now is still an idea. From the  
 scientific point of view a site specific study 
 under the goal of evaluation a pilot UPHES 
 project is demanded to bring the idea of an 
 UPHES plant into life.   

UPHES FEASIBILITY:
CASE STUDY GERMANY - HARD COAL MINES
Andre Niemann
Center of Water and Environmental Research
Institute of Hydraulic Engineering and Water Resources Management, University of Duisburg-Essen, Germany
E: andre.niemann@uni-due.de  

ABSTRACT

The mine Prosper-Haniel located in the Ruhr region 
in Germany has been analyzed for becoming a 
follow-up facility as an underground pumped-
hydro electrical storage project. The developed 
concept is based on storage tunnels which can hold 
approximately 600,000 m3. The conditions make it 
a suitable location to store large amounts of energy 
for short periods of time, which contributes to 
balance the regional energy grid.

Despite the potential of this existing network of 
tunnels, the future underground water levels will 
compromise its use, and therefore alternative options 
to excavate a new storage structure have been 
proposed. The talk will describe the most relevant 
aspects for developing the project, considering 
construction, geotechnical, geological, and energy 
market restrictions. An overview of the most 
relevant conclusions reached during the assessment 

of Prosper-Haniel mine will be presented and a set of 
recommendations provided for future assessments 
of underground pumped-storage facilities.

The ring structure (underground reservoir), which 
consists of excavating 15.5 km of new tunnels, takes 
advantage of existing shafts infrastructure. It offers 
about 820 MWh for each production cycle (4h) in 
the system with total power capacity of 200 MW. 

The main results are the technical and economic 
feasibility of using the existing mine infrastructure 
for the potential development of a pumped-storage 
facility. The infrastructure in Prosper-Haniel mine, 
however, has been selected as one of the most 
convenient locations to develop an energy-storage 
project at an innovative location. The ongoing phase 
of this project includes a refinement of the results 
together with a more detailed design. 
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Harvesting Geothermal Heat from Mine Water 
– A Pilot Project from Germany
Nils Penczek
Ruhr University Bochum, Germany
E: Nils.Hoth@tu-freiberg.de 

ABSTRACT

The Ruhrgebiet (area around the Ruhr) is one of 
the largest urban areas in Europe, where today 
more than 5,5 Million people are living. In the cause 
of the industrialization a lot of people moved here. 
One of the most important employer has been the 
coal mines which are trade under der RAG AG. 

Caused by the coal mining in more than 1.000 
meters depth an area of several chambers and 
mines were created. Rainwater trickles in the 
occurring voids where minerals accumulate in 
the water. In this process the rainwater turns 
into minewater. In the past the pumping of the 
accumulated mine water was necessary to protect 
the active underground galleries and shafts, which 
are interconnected. Nowadays the most important 
ambition is to ensure that no rising mine water 
will reach the level of the groundwater. Therefore, 
continuous pumping of the minewater is required 
even after active coal mining. In 2018 all the coal 
mines will be closed around the Ruhrgebiet.

The key issue of the Project Grubenwasser-Ruhr 
(GW-Ruhr) is the geothermal heating energy supply 
through the utilisation of occurring low energy 
heat in mine water. The mine water, depending 
on the pumping location and uplift depth, has a 
temperature between 15 and 30°C. The research 
objective is to use its geothermal energy. Assistive 
technologies like heat pumps could be used to 
increase the temperature level of the minewater. 
The usage of geothermal energy presents an 
alternative to fossil fuels like oil and gas.

The choice of the suitable mine water resurgence 
will be occurred with the help of economic and 
ecological aspects. These evaluations will be the 
basis for the investments and implementations of 
a mine water heating system at several locations. 
Beside the technical aspects there will be a 
comprehension and cooperation with potential heat 
customers in the relevant area that will be decisive 
for the later success. The technical objective is to 
connect all heat customers to one low-exergy-
network. In this way the minewater temperature 
will be transported to the customer with low-losses 
and a heatpump will raise the temperature for the 
individual customer requirements. 

At the end of the first project phase, that started 
in 2016 and will end in 2019, viable concepts and 
locations will be presented. By now there are three 
different locations in planning. Referring to the end 
of the first project phase the implementation and 
operation monitoring is planned.

The management and coordination of the project is 
carried out by the Chair of Energy Systems and Energy 
Economics (LEE) at the Ruhr-Universität Bochum. 
The company Eimer Projekt Consulting (EPC) is 
reliable for the strategic contacting of potential heat 
customers. The RAG AG as the location owner and 
the DMT GmbH & Co. KG will mainly support the 
realisation and investment planning.
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Geothermal Energy as a Power Source for PUMPS, 
a Geo-Engineering System Designed for In-Situ 
Remediation of Acid Mine Water in the Abandoned 
Witwatersrand Gold Mines.
Thakane Ntholi
Council for Geoscience, South Africa
E: tntholi@geoscience.org.za  

ABSTRACT

The abandoned gold mines in the Witwatersrand 
Basin of South Africa extend as far as 4 km below 
the surface and are subject to continuous inflow 
of water. The inflowing water reacts with sulfide 
minerals within the mines, leading to the generation 
of acid mine water (AMW). Acid mine water is 
characterised by high acidity, low pH, and high 
concentrations of sulfate and metals, particularly 
iron. Over time, AMW accumulated in these mines, 
incidentally turning them into acid mine water 
reservoirs.
 
The Passive Underground Mine-water Purification 
System (PUMPS), is a geo-engineering systems 
designed to treat AMW within the mines and over 
time convert them into clean water reservoirs. 
Founded on the mimicry of natural systems, PUMPS 
relies of the functions of sulphate reducing bacteria 
(SRB) to treat the AMW and more importantly, it is 
powered by geothermal energy which is harvested 
directly from below the mines.

PUMPS is constructed within 3-4 km deep 
underground gold mines. A well doublet up to 4 km 
is drilled from base of the mines extending up to 8 km 
below surface to harvest geothermal energy. The 
AMW is used as a geothermal fluid and is pumped 
down the injection well into the hot rock to harvest 
heat and potentially entrain deep seated minerals 
including gold. The hot mineral rich AMW is then 
pumped up the production well into the reaction 
chambers. In these chambers, sulphate in the AMW 
is reduced to sulfide by SRB and reacts with the 
dissolved metal ions, leading to the precipitation 
of metal sulfides and increased pH. The ensuing 

water then flows through a selectively permeable 
membrane back into the flooded mines, resulting 
in dilution. Over time, continuous circulation will 
transform the underground mines into clean water 
reservoir protected from evaporation. 

The Witwatersrand Basin is situated within a cold, 
dense Archaen craton and is therefore not an 
obvious choice for harvesting of geothermal energy. 
However, historic heat flow measurements across 
the basin were proven to be higher than average 
cratonic measurements.  Based on the high heat 
flow and a geothermal gradient of 12°C / km, from 
a depth of 8 km, the Witwatersrand Basin can be 
classified as a potential reservoir for low enthalpy 
geothermal energy (in-situ temperatures <150°C). 
With improving technology and the use of the 
organic conversion systems such as the Organic 
Rankine Cycle (ORC), harvesting of low enthalpy 
geothermal energy for electricity has become 
possible and in some instances economic.

A 2D thermal model of the Witwatersrand Basin 
based on physical and thermal properties of the 
rocks confirm that the temperatures at 8km range 
between 90 and 120°C, sufficient for geothermal 
energy harvesting. Further calculations indicate 
that the geothermal heat extracted from a 
1km2 reservoir area at this depth, can produce 
approximately 59.6 MW through the ORC with 
mass flow rate of 30 kg/s for the geothermal fluid 
and 10 kg/s for the working fluid. This is sufficient to 
power to drive PUMPS for at least 20 years. Setting 
up a pilot plant for PUMPS will assist in refining the 
model and testing the geothermal energy output. 
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Recovery and Reprocessing of Mine Tailings
- Experiences from the Rammelsberg Tailings Ponds
T. Elwert, F. Römer
Institute of Mineral and Waste Processing, Waste Disposal and Geomechanics,
Clausthal University of Technology, Walter-Nernst-Straße 9, 38678 Clausthal-Zellerfeld
E: tobias.elwert@tu-clausthal.de 

ABSTRACT

The re-processing of sulfidic tailings from mineral 
processing has gained a lot of attention in the last 
decade due to several reasons. This paper sums up 
the most important incentives for a re-processing 
and transfers its findings to an exemplary tailing 
pond that is investigated within the framework of 
a national research project funded by the German 
Federal Ministry of Education and Research. The 
investigated tailing pond “Bollrich” is situated in the 
Hercynian Mountain range in northern Germany. 
There  are  several  incentives  for  the  tailing  re-
processing  including  environmental protection, 
land winning, risk mitigation as well as follow-
up costs,  valuable contents and raw material 
strategy. Theses may vary considerably from case 
to case and in time as prices, resource demand, 
political motivation, technical possibilities and 
environmental awareness are subject to change.

The investigated tailing pond Bollrich was 
used between 1938 and 1989 and contains the 
tailings from the mineral processing plants of the 
Rammelsberg deposit (about 4 million metric tons).  
The  shale-hosted  sedimentary  exhalative  ore  
was  mainly  mined  for  its  unusually  high content  
of  valuable  sulfidic  minerals  and  trace  metals.  
Furthermore, barite was temporarily recovered.  As 
mineral and chemical analyses  show, the  most 
important contents  of the tailing pond are, in 
descending order, shale, mixed carbonate,  barite, 
pyrite and sphalerite, galena as well as chalcopyrite. 
The tailing material shows little alteration below the 
surface layer but is still heavily inter-grown despite 
of its small average particle size. 

Regarding  the  motivation  of  the  project,  on  
the  one  hand,  the  tailing  contains  several 
minerals and trace elements that have seen large 
increases in both price and demand such as  barite, 

indium,  cobalt and  gallium. The latter three as 
well as lead, zinc and copper are not mined in 
Germany and a recovery could therewith reduce 
import dependency. On the other hand, the tailing 
pond contains a high acid mine drainage potential 
and considerable amounts of toxic heavy metals. 
Although the tailing dam is stable now and further 
investigations are necessary, the old-fashioned 
tailing dam set-up as well as karst present nearby 
could pose a decent risk of dam failure. In the case  
of  a  sanitation,  the  recovery  of  material  from  
the  tailing  pond  or  removal  of  potentially harmful 
materials could considerably reduce resulting long-
term costs. 

A re-processing of the tailing material was 
investigated within the project in lab-scale. It could 
be shown that barite can be recovered by flotation. 
Sulfides can be floated and leached subsequently, 
but flotation suffers from low selectivity. So far, 
a complete desulphurization was not reached 
in flotation. Reasons for the low selectivity are 
mainly fine intergrowth and particle sizes. Further 
communication seems infeasible. 

The overall planning of the re-processing revealed 
that several different aspects must be taken into 
account leading to a higher decision complexity 
than in most of the profit-driven primary raw 
material projects. These  include  technical  
issues  like  the  mining  of  clayish  material  with 
unknown underground stability, special permits 
and licenses due to an overlap of environmental, 
mining  and  waste  disposal  regulations,  follow-
up  cost  mitigation,  public  acceptance  and  the 
development of an intelligent and sustainable 
mineral processing route.
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Peering at Mine Closure through the Lens of Company Law
Tracy-Lynn Humby
University of the Witwatersrand, 1 Jan Smuts Avenue,
Braamfontein 2000, Johannesburg, South Africa
E: tracy-lynn.humby@wits.ac.za

Resource Extraction from Mine Waste Water
Hans-Juergen Friedrich
Fraunhofer Institute for Ceramic Technologies and Systems, Dresden-Klotzsche location, 
Maria-Reiche-Str. 2, D-01109 Dresden, Germany 
E: hans-juergen.friedrich@ikts.fraunhofer.de 

ABSTRACT

Membrane electrolysis processes can be 
appealing alternatives to other mine water 
treatment processes, especially for the selective 
separation of pollutants and their conversion into 
valuable products. The RODOSAN® process was 
developed for the treatment of AMD allowing for 
simultaneous separation of sulfate, heavy metals 
and the generation of buffering capacity in one 
step. The process has been tested on a pilot scale 
with industrial equipment and currently allows for 
sulfate separation at efficiencies of 40% to 60% 
with quantitative elimination of heavy metals. 

Sulfate as main contaminant is thereby converted 
to ammonium sulfate, which is a valuable fertilizer. 
Another product is pure Hydrogen gas which 
can be used for fuel cell applications. Separation 
of naturally occurring radionuclides and valuable 
chemical elements from mine water, deep 
geothermal water and formation water is also 
possible using this process platform. Regeneration 
processes have been optimized successfully to 
allow more highly mineralized water to be treated 
in industrial membrane electrolysis cells without 
process disruptions. 

ABSTRACT

Form a regulatory perspective, mine closure is ordinarily framed by provisions in national mining or 
environmental laws pertaining to the use of natural resources. However, the actors that have explored the 
reserve, and developed and operated the mine frame their conduct within the constraints of a variety of 
laws governing economic conduct, amongst them company law. Company law sets the scene for interaction 
amongst the shareholders and management of the company, regulatory agencies and external stakeholders. 
Driven by the fundamental principle of limited liability it is the architecture within which companies, as juristic 
persons, can adapt to changing circumstances – for the good or ill of mine closure. In this talk I aim to explore 
some of the ways in which the South African Companies Act, 2008 – a model of innovative company law 
worldwide – intersects with the policy objectives and the regulatory model for mine closure.  
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ABSTRACT

Over the past few years, South Africa has seen an 
escalation of illegal mining activities. Popularly 
known as ‘zama-zama’ mining, these activities 
have created an overwhelming picture of what 
is ‘supposedly’ artisanal and small-scale mining 
(ASM) sector in South Africa. Driven by the 
socio-economic struggles of the country and 
the prevailing turbulences in the South African 
mining industry, ‘zama-zama’ mining has become 
an alternative livelihood source for a considerable 
number of people who find themselves without 
employment. While this sub-sector is increasingly 
playing an important role in local economies, its 
associated negative impacts have dominated the 
news headlines and discussions amongst different 
stakeholders including government, industry, trade 
unions, civil society organisations, communities and 
academics. Under the current legislative framework, 
‘zama-zama’ mining is deemed illegal and because 
of its connections with criminal activities (e.g. theft, 
fraud, money laundering etc.) – it is treated as 
such by policymakers.  It is important to mention 
that illegality is not a recent phenomenon in South 
African mining industry. It is quite common in the 
ASM sector with the majority of ASM operators 
including those categorised as either ‘informal’ and/
or ‘traditional’ find themselves operating outside the 
legal framework. Existing literature has attributed 
this to the lack of and/or inadequate policy and 

legislative frameworks governing the ASM sector. 
Like most African countries, South Africa has 
through the years taken steps to formalise and 
legalise the ASM sector. While these efforts have 
made some inroads in promoting the development 
of the sector, it is argued that they continue to act as 
barriers to those who wish to participate in the sector 
legally. More so, the support structures established 
by government and related stakeholders to assist 
operators through the process of formalisation have 
had minimal impact on the sector. 

With over 300 fatalities reported in ‘zama-zama’ 
mining, it has become crucial for policymakers 
to find ways to manage this subsector and the 
entire ASM sector not only to address the negative 
impacts associated with the sector but to harness 
the potential of the sector in line with the aspirations 
of the African Mining Vision. This presentation 
provides a landscape of ASM sector in South Africa, 
and documents efforts made by government and 
related stakeholders towards the process of ASM 
formalisation. The presentation then highlights 
gaps and challenges within these frameworks and 
concludes by identifying ‘issues for consideration’ 
as policymakers grapple with managing and/or 
supporting the ASM sector for local socio-economic 
development.
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ABSTRACT

Communities within the Witwatersrand gold fields 
are characterized by widespread poverty and 
unemployement. It is estimated that 1.6 million 
people within the Witwatersrand gold fields live 
in informal settlements close to radioactive mine 
residue areas. The focus in communities in need of 
employment is often on short term benefits such as 
jobs and not on medium or long term benefits such 
as sustainable post mining land use and livelihood 
opportunities or intra generational equity. It is 
common cause that the gold mining industry has in 
the past adversely disenfranchised communities and 
has historically been driven by an externalized cost 
model which resulted in an adverse socio-economic 
and environmental legacy.
 
While recent legislation aims to address this legacy 
as well as the remediation and management of 
latent or residual environmental impacts, which may 
become known in future, including the pumping 
and treatment of polluted or extraneous water, 
there remains a significant disconnect between the 
legislation and the implementation thereof.  

This presentation will address the risks to 
communities as a result of 130 years of mining 
within the Witwatersrand gold fields, inter alia metal 
contaminated rivers and wetlands and the effects 
on communities that live beside and rely on these 
rivers for food and livelihoods, the interconnection 
of mining compartments; acid mine drainage, large 
salt loads; decanting of flooded mines; physical 
instability; dust pollution; land use conflicts with 
growing urban centres and radioactivity as well 
as the latent or residual impacts, which may take 
decades or even centuries to manifest themselves.

The presentation will furthermore address the legal 
requirements regarding mine closure, the financial 
provisons held by the State for mine closure and 
will make the case for a project to address the 
legacy of mining within the Witwatersrand gold 
fields, with a clear linkage between the potential for 
revenue generation through metal reclamation and 
opportunities for mining affected communities to 
participate in the process.

KEYWORDS: Mining affected communities, legacy, 
mine closure, legislation, reclamation.
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