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The Issue



• The UN Environmental Protection Agency recognised that “.....problems related to mining

waste may be rated as second only to global warming and stratospheric ozone depletion in

terms of ecological risk. The release to the environment of mining waste can result in

profound, generally irreversible destruction of ecosystems.” (CSIR. Briefing Note August 2009. Acid

Mine Drainage in South Africa. Dr. Pat Manders. Director, Natural Resources and the Environment. European

Environmental Bureau (EEB). 2000. The environmental performance of the mining industry and the action necessary to

strengthen European legislation in the wake of the Tisza-Danube pollution. EEB Document no 2000/016. 32 p

• Waste from gold mines constitutes the largest single source of waste and pollution in South

Africa and there is wide acceptance that Acid Mine Drainage (AMD) is responsible for the

most costly environmental and socio-economic impacts.

• Gold mining waste was estimated to account for 221 million tons or 47 % of all mineral waste

produced in South Africa, making it the largest, single source of waste and pollution (DWAF,

2001).

• Tailings within the Witwatersrand Basin contain uranium, other NORMs and metals such as

Mg, Cu, Zn, Mn, As, Ni, Cro, Co and Pb. In additional long-lived cyanide-metal complexes

persist in TSFs. (MW Sutton & IM Weiersbye. South African Legislation Pertinent to Gold Mine Closure and

Residual Risk. Mine Closure 2007. Australian Centre for Geomechanics, Perth, ISBHN 978-0-9804185-0-7)

• If not managed properly, tailings can have chronic adverse impacts on health, wellbeing and

environmental integrity, with pollution from effluent and dust emissions being potentially

toxic to humans, animals and plants. (https://www.icmm.com/en-gb/our-work/innovation-for-

sustainability/tailings).



Tailings

Source: South Deep Mine



Tailings Storage Facilities: Construction Designs
• Upstream

• Downstream

• Centreline

Disposal Methods of Tailings:

1. Uncontrolled or confined free discharge

• Deposition into pits, rivers, sea

• Lowest risk, lowest cost

2. Into pre-formed impoundment

• Engineered embankment utilized to contain tailings

• Low risk, stability dependent on embankment, high cost

3. Tailings used to create impoundment

• Outer wall constructed using tailings

• Low cost

• High risk, stability dependent on tailings

• Requires a high level of surveillance

4. Tailings modified prior to disposal

• Cyclone deposition

• Paste and thickened tailings

• Dry stack with mechanically placed filter cake

• Low risk but still a function of the design, high cost

In South Africa, most of 

the Tailings Storage 

Facilities are “upstream: 

facilities utilising the 3rd

disposal method, 

considered the highest risk



West Rand: Tailings Storage Facilities (Mintails Group)



• There are more than 270 tailings dams in the Witwatersrand Basin, covering approximately 

400 km2 in surface area (AngloGold Ashanti, 2004) containing 6 billion tons of iron pyrite 

tailings and 600 000 tons of uranium. (Chevrel, S, Croukamp, L, Bourguignon, A & Cottard, F 2008, A Remote Sensing 

and GIS Based Integrated Approach for Risk Based Prioritization of Gold Tailings Facilities — Witwatersrand, South Africa, in A Fourie, M 

Tibbett, I Weiersbye & P Dye (eds), Proceedings of the Third International Seminar on Mine Closure, Australian Centre for Geomechanics, 

Perth, pp. 639–650.)

• These dams are mostly unlined and many are not vegetated, providing a source of extensive 

dust, as well as soil and water (surface and groundwater) pollution (AngloGold Ashanti, 2004).

• Pollution related to Witwatersrand mines poses a number of hazards to surrounding 

communities.

• The major primary pathways by which contamination can enter the environment from a mine 

site are:

– the airborne pathway, where radon gas and windblown dust disperse outwards 

from mine sites, 

– the waterborne pathway, either via ground or surface water or due to direct access, where 

people are contaminated, 

– or externally irradiated after unauthorized entry to a mine site, 

– by living in settlements directly adjacent to mines or in some cases, living in settlements 

on the contaminated footprints of abandoned mines. 
(Land-Use after Mine Closure – Risk Assessment of Gold and Uranium Mine Residue Deposits on the Eastern Witwatersrand, South 

Africa. M. W. Sutton. Mine Closure. 2008)



• Significant radiation exposure can occur in the surroundings of mining legacies, due to:

– Inhalation of Rn-222 daughter nuclides from radon emissions of desiccated water storage

dams (e.g. Tudor dam) and slimes dams.

– The inhalation of contaminated dust generated by wind erosion from these objects, and

– The contamination of agricultural crop (pasture, vegetables) by the deposition of

radioactive dust particles, which can cause considerable dose contributions via ingestion.

(NNR Report – TR-RRD-07-0006 – “Radiological Impacts of the Mining Activities to the Public in the Wonderfonteinspruit Catchment 

Area.”  12 July 2007.)

• The gold ores of the Witwatersrand contain appreciable concentrations of uranium and its 

radioactive progeny.  

• Mining has resulted in the dispersal of radioactive material into the environment via 

windblown dust, waterborne sediment and the sorption and precipitation of radioactivity from 

water into sediment bodies. 

(Coetzee, H & van Tonder, D 2008, Draft Regional Mine Closure Strategy for the West Rand Goldfield, Council of Geosciences, report no. 

2008‐0253, Pretoria.)



Witwatersrand GoldfieldsThe health effects of uranium particles inhaled:

• Small particles are carried by the inhaled air stream all the way into the alveoli. Here the

particles can remain for periods from weeks up to years depending on their solubility.

• Highly insoluble uranium compounds may remain in the alveoli, whereas soluble

uranium compounds may dissolve and pass across the alveolar membranes into the

bloodstream, where they may exert systemic toxic effects.

• In some cases, insoluble particles are absorbed into the body from the alveoli by

phagocytosis into the associated lymph nodes.

• “Insoluble” particles may reside in the lungs for years, causing chronic radiotoxicity

to be expressed in the alveoli.

(Coetzee, H, Winde F & Wade, PW 2004, An Assessment of Sources, Pathways, Mechanisms and Risks of Current

and Potential Future Pollution of Eater and Dediments in Gold‐mining Areas of the Wonderfonteinspruit Catchment,

Water Research Commission Report No 1214/1/06, pp. 119-165.)



Nexus between dust fallout and water pollution

• Stormwater drainage systems, into which windblown dust from 

adjacent slimes dams is flushed by run-off from sealed surfaces are 

also likely to constitute a major source of potential water pollution.

• Based on (conservative) assumptions regarding the affected surface 

area and average deposition rates of dust from adjacent slimes dams, it 

was estimated that approx. 10 tons of (particle-bound) uranium per 

year are flushed by stormwater into receiving watercourses.

.

Reference:  “An Assessment of Sources, Pathways, Mechanisms and Risks of Current and 

Potential Future Pollution of Water and Sediments in Gold-Mining Areas of the 

Wonderfonteinspruit Catchment.” Report, WRC, H Coetzee et al,  Council for Geoscience. 

2004. Report No 1214/1/06. 2006



The Need



•

South African Human Rights Commission

National Hearing on the Underlying Socio Economic Challenges of Mining Affected 

Communities in South Africa

13-14 September; 26 and 28 September;  3 November 2016

• Overall the mining sector is riddled with challenges related to land, housing,

water, the environment and the absence of sufficient participation mechanisms and

access to information

• Non-compliance, the failure to monitor compliance, poor enforcement, and a

severe lack of coordination amongst especially government stakeholders

exacerbate the socio-economic challenges faced by mining-affected communities

• It is crucial that government ensures that communities are able to participate

meaningfully in mining-related activities and influence decisions that detrimentally

impact their enjoyment of constitutionally guaranteed rights and general well-being

• The State must do more to include communities in reporting and monitoring

mechanisms.



•

22 November 2018:  ANNOUNCEMENTS, TABLINGS AND COMMITTEE 

REPORTS NO 174─2018. No 174—2018,  FIFTH SESSION, PARLIAMENT. 

(Pages 39 – 52)

The Parliamentary Portfolio Committee on Mineral Resources found pursuant to its

oversight visit of the Mintails Group of Companies and Shiva Mine that:

• Mining companies are still operating without adequate financial provision for

repairing damage caused to the environment by mining activities, if they suddenly

close.

• The shortfalls are R36.6-million for Shiva and R460-million for Mintails.

• The state will inherit these liabilities if the mines are finally liquidated.

• The DMR has failed to implement effectively and carry out the intentions of

Parliament to ensure that all mines rehabilitate the damage they cause.

• Changes to the mining law were made by Parliament after 2002 to ensure that in

mining, as elsewhere, the polluter must pay.

• The new laws have not proven effective in avoiding this situation where the state

and the taxpayer still ends up paying for the environmental harm caused by mining.



West Rand:  Tailings Storage Facilities (Mintails Group)



Non-internalized externalities.



Tailings Storage Facilities Failures

Jagersfontein

11 September 2022

Source:  FS Provincial Government



Tailing Storage Facilities’ Failures
Kolontar, Hungary

Mount Polley, Canada

Luoyang, China

Merriespruit, South Africa

Brumadinho, Brazil



Duties and Responsibilities of the Mining Industry

• The mining industry’s responsibility is to respect human rights and requires that it:

(a) Avoid causing or contributing to adverse human rights impacts through their own

activities, and address such impacts when they occur;

(b) Seek to prevent or mitigate adverse human rights impacts that are directly linked to

their operations.

• Meaningfully engage communities on hazards, risks and impacts of tailings and tailings

storage facilities including dust fallout.

– Meaningful consultation entails that sufficient information must be made available and

sufficient time must be provided in order for the engagement to be meaningful.

– Engagement must include awareness raising and disclosure, and the facilitation of

communities’ informed participation.

– Engage communities throughout the tailings facility’s lifecycle including closure and

post-closure.

• Since they are the ultimate recipients of potential, ongoing and historical pollution and the

potential future land users, communities must be involved in decisions regarding the

management and mitigation of impacts, including air quality management and future land use

since they will have to live with the legacy.



Challenges

• Communities in southern Africa are often poor and disempowered, and in need of

employment.

• The notion of sustainable development, particularly intra-generational equity, with its

medium-long term horizons does not resonate

• Communities often lack experience with large development projects and the knowledge of

potential impacts and benefits.

• They have high, often unrealistic expectations and inadequate awareness of their own rights

or the capacity to exercise these rights.

• Community dynamics and structures are complex.

Reference: EM Hoadley& D Limpitlaw. Preparation for Closure – Community Engagement and Readiness Starting with Exploration. 2008.

ISBN 978-0-9804185-6-9



FSE’s Programmes in collaboration with:

• Gold Fields’ South Deep Mine:

– Surveys (“Engagement with mining-affected communities:  lessons learnt – a case study within the West Rand 

Goldfields” – ISBN 978 0 627 03793 1)

“There were important lessons to be learnt in this case study, namely that conflicts can be sustainably transformed or resolved if a mining 

company understands and meets the needs and interests of its host communities.  The role of the FSE as an impartial and non-political 

actor, was necessary to offset the imbalance in power in the engagements between Gold Fields’ South Deep Mine and its host communities 

and to draw out knowledge and insight from the different parties.”

– Social Programmes e.g.
• Going back to school

• Sport Tournaments

• Heritage Day

– Environmental Programmes e.g.
• Arbour Day (Environmental greening)

• Environment Day (Eco-system restoration)

• Climate Change

• Waste Management

– Environmental Tours

• Sibanye Stillwater

– Environmental Tours

– Tailings Training Workshops in terms of the ICMM Global Standard for the Management of Tailings
• What are tailings

• What are Tailings Storage Facilities

• What are the identified hazards, risks and impacts of Tailings and Tailings Storage Facilities

• Construction Designs of Tailings Storage Facilities

• Methods of Deposition of Tailings

• Causes of TSF Failures

• The Principles of the ICMM Global Standard

• Inappropriate Use of TSFs and Tailings

• Preparedness and response in the event of the failure of a Tailings Storage Facility

– Closure and Future Land Use



MINIMISATION OF RISKS TO COMMUNITIES FROM TAILINGS AND 

TAILINGS STORAGE FACILITIES

Risks to communities from tailings and tailings storage facilities can be minimised by the prevention of:

1.The uncontrolled current and future land uses on or within the zone of influence of Tailings Storage

Facilities;

2.The encroachment of residential developments close to or on Tailings Storage Facilities;



MINIMISATION OF RISKS TO COMMUNITIES FROM TAILINGS AND 

TAILINGS STORAGE FACILITIES

3. Unauthorised entry onto Tailings Storage Facilities

4. The inappropriate use of tailings e.g.

4.1 the illegal mining of tailings or scavenging without the necessary

authorisations

4.2 the use of tailings for construction material



Tudor Shaft Informal Settlement



Children playing in a settlement, which was established on a Tailings Storage Facility



Children playing on a Tailings Storage Facility



Source:  Natasha Griffiths

Geophagia (Eating of tailings)



Photo:  Francois van Vuuren

Unauthorised entry onto Tailings Storage Facilities and the use of TSFs for recreational purposes



• There has been a historical migration of generally elevated radioactive levels to the urban areas

of Johannesburg central business district (CBD) indicating the use of dump and waste material

for building purposes as well as downstream plumes in wetlands areas.

Reference: Esterhuyse, S, van Tonder, DM, Coetzee, H & Mafanya, T, 2008, Draft Regional Mine Closure Strategy for the

East Rand Goldfield, Council of Geoscience, report no. 2008‐0176, Pretoria.



Source:  Sunday Times

Children swimming in the stormwater runoff from a Tailings Storage Facility



Conclusion (Lessons learnt)
• Use of synergetic power instead of coercive power.

• Conflicts are inherent in all social interactions.

• The challenge is to transform or resolve conflict.

• Conflicts are intrinsically loaded with emotions. Emotions need to be paid due

attention.

• Facts, even if established, may do nothing to solve the problem. Reasoning and

emotions need to be integrated.

• Consideration only of legal framework tend to focus on “right-wrong” and “win-

lose” way of thinking - focus on “right-right” and “win-win” solutions (reciprocity).

• Conflicts over scarce resources (water, land) may develop into racial and political

conflicts.

• Focus on interests (reasons why communities want what they want) and basic needs

rather than on positions.

• Paying due attention to the possibility of conflict escalation (Glasl model): heavier

tactics are employed, moral disengagement (dehumunisation), issues proliferate, increased resources are

devoted to the struggle, issues become more general, relationships deteriorate, a goal of hurting the other

party develops and additional participants enter the struggle.


