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Acronyms

Al — Aluminium

AMD -Acid Mine Drainage

BGMC — Blyvooruitzicht Gold Mining Company

BPEO- Best Practicable Environmental Option

Ca- Calcium

CBD - Central Business District

Co- Cobalt

CoM — Chamber of Mines

CPS- Central Power Station

CSIR- Council for Scientific and Industri&&esearch

DEA — Department of Environmental Affairs

DMR — Department of Mineral Resources

DOCGC Development and Operational Cost Curve

DOE - Department of Energy

DRD Gold—-Durban Roodepoort Deep Gold Mine

DWAF — Department of Water and Forestry

DWS — Depatment of Water and Sanitation

EAP — Economically Active Participants

EC - Electrical Conductivity

EIA —Environmental Impact Assessment

EMPr— Environmental Management Programme Report
EPWP- Expanded Public Works Programme

ESRC- Environmental and Sodi&emediation Curve

Fe- Iron

GN — Government Notice

IDP — Integrated Development Plan

KOSH - Klerksdorp, Orkney, Stilfontein, Hartbeesfontein
LHWP — Lesotho Highlands Water Project

Mg —Magnesium

mg/l — milligram per litre

ML —Mega Litre

Mn - Manganese

MPRD Reg Mineral and Petroleum Resources Development Regulations
MPRDA — Mineral and Petroleum Resources Development Act (28 of 2000)
MRA — Mine Residue Area

MRD — Mine Residue Deposits

NEA —Not Economically Active

NEMA — National Environmentaflanagement Act (47 of 1998)
NEM-AIr Quality Act— National Environmental Management Air Quality Act (39 of 2004)
NEM-Waste Act- National Environmental Management Waste Act (59 of 2008)
Ni — Nickel

NNR — National Nuclear Regulator

NNRA — National Nuclear Rgulator Act (47 of 1999)

NORM — Naturally Occurring Radioactive Material

NWA — National Water Act (36 of 1998)

Pb-Lead

pH — Potential of Hydrogen

RC - Revenue Curve

Reg- Regulation



Rn—Radon

RQOs- Resource Quality Objectives

SO4- Sulphate

RTSF- Regonal Tailings Storage Facility

SWOT - Strengths, Weaknesses, Opportunities, Threats
TDS - Total Dissolved Solids

TSF-Tailings Storage Facility

U- Uranium

WRC - Water Research Commission
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1. INTRODUCTION

This booklet makes the case for a project to address the waste and pollution legacy of mining in the
Witwatersrand basin, with a clear linkage between the potential for revenue generation through
materials reclamation and comprehensively addressing tine esfiabilitation challenge, with the
participation of all stakeholders. It sketches the background and the extent of the challenge, the
legislative and regulatory context and the imperatives for urgent action, then focuses in on the
Tweelopiespruit wetlads area for a potential pilot project.

Work on pollution remediation and esgstem rehabilitation fits within the rubric of climate jobs, as it

IS necessary to address the growing vulnerability of communities to climate change impacts, as well as
to addess onrgoing natural resource degradation that is deepening poverty and inequality. While such
work is in theory the responsibility of the mining companies involved, there has been a failure in duties
of care and the urgently needed interventions reqomeerted action by the state, which is also

necessary to realise the potential benefits for impacted communities.

Gold and uranium mining in the Witwatersragdld fields has resulted in the contamination and
destruction ofwetlands, as well as negativenipacts orbiodiversity and on soil, groundwater and air
quality, thus also exacerbating the adverse impaatBméte change The impacts ofjlobal warming

include changes in rainfall and in ambient temperature that will have aralbvergative impact ro
subsistence activities and commercial agriculture, as well as on biodiversity and the health of river
systems.

If no measures are taken in the short term to help communities to adapt, poverty and vulnerability tc
climate change will be increased and gnespects for future generations will be further compromised.
The extractives sector canif responsibly managed mitigate these impacts it had on natural systems
and resources, and contribute to economic growth and development by developing and itmgemen
programs for theemediation of contaminatedvetlands ecasystems, receptor dams and rivers. The
potential to recover metals during rehabilitation and use the revenues generated to contribute to the cos
of cleanup are recognized by the mining irstiy'. After reclamation of metals, the residue can be
disposed of in an operational residue dam to minimise any further impacts.

Establishment of the link between extractive industries, their impactgliamate changeshould serve

as motivation for ez-systenrehabilitation with tangible socieeconomic benefits for local communities,
during and after mine closure. Government exercising its responsibilities for addressing mining legacy
wastes and continuing acid mine drainage, while holding the praeator accountable, offers an
important opportunity for participatory development that would alleviate poverty and reduce vulnerability
not only in the short term, but into the future.

1 CF Human, JC Botha. Revenue Generation during Rehabilitation of Contaminated Land on Gold Bingb #frica. Mine Closure 2008
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2. BACKGROUND

M INING AND POLLUTION IN THE WITWATERSRAND BASIN

TheWitwatersrandh as been mined for more than a centur
mining basin.

Western, Central and Eastern MiniBgsins, which are flooded or flooding with acid mine water (Source: Golder
Associates)

More than 120ninesextracted 4300 tors of gold in one century and D80 tons of uranium between
1953 and 1995, which resulted in a legacymare than 27Qailings storage facilities(TSFs)in the
Witwatersrand, covering approximately 400%im surface area and 6billion tons of pyritetailings
containing 6000 tons ofuraniunt.

TheseTSFsare mostly unlined and many are not vegetated, providing a source of extensive dust, as wel
as soil and water (surface agbundwater) pollutiorr.

2 The Witwatersrand Mining Basin includes the Eastern Basin, the Central Rand Basin, the Western Basin, the Far Western
Bashn, KOSH and the Free State gold mines.

3AngloGold Ashanti, 2004

4S. Chevrel et alA RemoteSensing and GIBased Integrated Approach for Risk Based Prioritization of Gold Tailings
Facilities— Witwatersrand, South Africa. 2008.

5 AngloGold Ashanti, 204.



Tailings Storagé-acility (West Rand)

Pollution related to Witwatersrand mines poses a number of Bataslirrounding communitieshe
major primary pathways by which contamination can enteetiv@onment from a mine site are:

1 the airborne pathway, where radon gas and windblown dust disperse outwards from mine sites,
1 the waterborne pathway, either via ground or surface water or due to direct access, where peopl
are contaminated,

externalirradiationafter unauthorized entrp &a mine site,

living in settlements directly adjacent to mines iarsome cases, living in settlements on the
contaminated footprints of abandoned mfnes

il
il

Concisely stated,igect access to mine sites may expose the public tedisk to direct exteal gamma
radiation, inhalation and ingestion of radionuclides and chemotoxic metals, as well as the physical
dangers inherent to mining sites.

To limit therisk due to external gamnradiation, the Chamber of Mines uses a guideline that each
tailings depsit should have ad® m buffer zone surroundingwthere no human settlement is allowed. In
many cases, however, this guideline has not been adhered to in the development of new settlements

With the curtailing of gold mining on the Witwatersramaining land is being redevelopedowever,
inappropriate developments, such as houses or farmdjrenResidue Deposif{MRD) footprints and
other contaminated sites could result in liabilities for the ipudnhd the closingf mines.Residential
townships, eitble crop produtton and livestock grazing afeigh risk landuses forTailings Storage
Facility (TSP footprints and areas within the aqueous or aerial zoneflaence of TSF footprints and
TSFs. Failure by the industry and regulators to agree orbsuia * s o f-usés aral hudfer koaes d
could exacerbate liabilities for the mine by resulting in subsequenulsexithat are stdconomic or
risky.

Avoiding built developments altogether and vegetating MRDs and footprints with unsuitable plants
species, such as those for pastures and playing fields, can also incidagbrough the creation of

6 M. W. Sutton Land-Use after Mine Closure Risk Assessment of Gold and Uranium Mine Residue Deposits on the Eastern
Witwatersrand, South Africddine Closure. 2008

7 H. CoetzeeRadiometric Surveying in the Vicinity of Witwatersrand Gold Min&tine Closure 2008.
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"attractive nuisancé&sThese encourage use by potentially vulnerable receptors such as grazing livestock
and childref.

It is estimated that.6 million persons live in Informal Settlements next to MROrhe majority ofMine
Residue AreagMRAS) are radioactive because the Witwatersrand-gelaking ores contain almost ten
times the amount of uranium than g@8ld

Three main issues relating to MRAs locatedSautengare:
1) air-quality, with particular reference to dust pollution (including radioactive dust);

2) waterflux and waterguality, with particular reference técid Mine Drainage (AMD) and the
transport of radioactive materials associated with the exposed urarepand

3) geotechnical safety concerns related to the dangers of ground instability and collapse above abandon
mine workings and also around open, unsealed mine shaffgésant a danger to nearby settlements.

| DENTIFIED LONG TERM RISKS

The following long term risks have been identified

1 The near certainty of contaminated water, which will require some form of decontamination
treatment, decanting from closed undergwbumines, or from lowelying, interconnected
neighbouring minés;

1 The near certainty of sulphate, chloride, metal and Naturally Occurring Radioactive Material
(NORM) contamination of soils and sediments by seepage from an umégemhal tailings
storage facility , tailings spillages and plant discharges and the potential for contamination of
downstreani downwind soils and sediments$n addition the potential contamination of surface
soils overlying shallow pollutegroundwater via evaporative pathwayhiring dry seasoh$

T The potential for *‘salt’, sulphate, chlorid
with contaminated surface water or contaminapedindwater4;

1 The concomitant loss of genetlaiddiversity and potentiallyecosystenmgoods and services on

disturbed, fragmented or polluted properties

The potential fobioaccumulation of some metals and NORMs by flora and fana

The potential for exposure of fauna and humarisdaccumulatedpollutants’;

The potential for acute and dattoxicity impacts ofbioaccumulated pollutants on humansnd

the potential foradioactivity impacts from NORMs on humaifs

= =4 =

8 M. W. Sutton.Land-Use after Mine Closure Risk Assessment of Gold and Uranium Mine Residue Deposits on the

Eastern Witwatersrand, South Africkline Closure. 2008

9 Dorothy Tang and Andrew Watkingcologies of Gold: The Past andtére Mining Landscapes of Johannesburg. 2011

10 Gauteng Department of Aigulture and Rural Development: Feasibility Study on Reclamation of mine Residue Areas for
Development Purposes: Phase Il Strategy and Implementation Plan . 2011

11 A. Fourie, M. Tibbét and J. Wiertz (eds). M.W. Sutton and |.M. Wiersbye. South African Legislation Pertinent to Gold

Mine Closure and Residual Risk. Mine Closure 2007.

2 pilson et al., 2000; Hodgson et al., 2001.

B Witkowski and Weiersbye, 1998; Rosner and Van Schalk&9R0. Rosner et al, 2001; Mphefu et al., 2004, Tutu et al.,

2003; 2004; 2005; (Cogho et al., 1992; Coetzee, 1995; Pulles et al., 1996; Hodgson et al., 2001; Winde, 2001; Coetzee et al
2004; Winde et al., 2004a; b; c; Naiker et al., 2003., Tutu €G04.

1 Sutton et al., 2006; Philips, 2007.

BAngus, 2005; O Connor and Kuyler, 2007; Weiersbye and
% Weiersbye et al., 1999; Weiersbye and Witkowski, 2003; Cukrowska and Tutu, 2004; Steenkamp et al., 2005b; Mcintyre e
al., 2007.

17 Steenkamp et al., 1999; Weiersbye and Cukrowska, 2007.

18 Steenkamp et al., 2005a; Philips, 2007.
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1 The potential for human disease as a result of exposure to windblown dust fr@cldngation
operations and the RTSF

1 Thepotential for structural damage to buildings and other structures and human injury by mining
exacerbated seismicffy

1 In dolomitic regions, the potential for structural damage to buildings and other structures, and
human injury, by mining exacerbated siokéformation$;

1 The potential for uncontrolled future land uses on or within the zone of influence THitimgs
Storage Faciliies(TSF9, footprints and mineral processing facilities, such as human settlements
and recreation, food crops and home vablet gardens, livestock grazing and informatmeaing
and scavenging, all of which are incompatible with safety and the fragile status of lands under
rehabilitation, and could exacerbate liabilities for mines and the State in thelpsste phasé.

1 Waste rock dumps have very large inventories of fine material and they are much more permeabl
to oxygen thartailings dams. ®ntaminants remain in the soil after a dump has been rerfoved

1 Longterm migrationof contaminant plumes in shallow aquifer and surface water from TSFs and
footprints,

WASTE

As early as 1987, the US Environmental Protection Agency recogniséd ghatblems related to mining
waste may be rated as second onhglabal warmingand stratospheric ozone depletion in terms of
ecological risk. The release to tlvironmentof mining waste can result in profound, generally
irreversible destruction afcosystem®

Waste from gold mines constitutes the largest single source af avaspollution in South AfricaAs at
1997, South Africa produced an estimated A@iion tons of mineral wastegs annur®®. Gold mining
waste was estimated to account for 2dllion tons or 4% of all mineral waste produced in South
Africa?’.

WETLANDS

Wetlandswhi ch have devel oped downst r e gavetrappedniels Wi |
and contain elevated levels of arsenic, uranium, cobalt, copper andhickel

19 CoM, 2001.

201 e Roux, 2005.

21 Funke, 1990; Buttrick et al., 2001.

22 Sutton, 2007; Reichardt and Reichardt, 2007.

22W. Pulles Water Research Commission Report. 2015.

24 Guidance for the Mining Industry for the Management of fdesure Water. Pulles W; 2015/04/01; Research Report
No.TT 628/14

25 CSIR.Briefing Note August 2009cid Mine Drainage in South AfricdDr. PatManders Director, Natural Resources and
the Environment. European Environmental Bureau (EEB). ZD@8 environmental performance of the mining industry and
the action necessary to strengthen European legislation in the wake of th®&dsdse pollutionEEB Document no
2000/016. 32

26 Department of Water and Forestry, 2001

27 1bid

28 Henk Coetzee, Jaco Venter & Gabriel Ntsyu@entamination of wetlands by Witwatersrand gold minpeocesses and the
economic potential of gold in wetlands.. Council for &@ence Report No. 208B.06
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Risk quotients for the maximum uranium, arsemickel and copperoncentratioafor each wetland
sampling sit&.

Wetlands contaminated by pipeline spillages of uraniferous slurry and AWbBin the Upper Wonderfonteinspruit
Catchment Area

The mean values for the Wonderfonteinsgfsiamples were found to exceed not only natural background
concentrations, but also levels of regulatory concern for cobalt, zinc, arsenic, cadmium and uranium, witl
uranium and cadmium exhibitintipe highestrisk coefficients. These metalsnay be remobilised by
environmentally plausible chemical proces&es

Airborne radiometric surveys over the catchment have identifieddhtamination of wetland areas
within the Wonderfonteinspruit and other catchments in the Watwetnd with radionuides. The
following image from the Wonderfonteinspruit catchment is typa¢ahose recorded frometlandsin
the vicinity of goldmining activities.

2Henk Coetzee, Jaco Venter & Gabriel Ntsu@entamination of wetlands by Witwatersrand gold minpsocesses and the
economic potential of gold in wetlands. Council for Geoscience Report No-QAQ86

30 The Wonderfonteinsprit, also known as the eastern catchment of the Mooi Rigeigcated in West Rand District
Municipality, Gauteng, South Afriche Wonderfoteinspruit, has been identified a significantnumber of studies as the
site of significant radioactive and ottollution, generally attributed tihe mining and processing of uraniferous gold ores in
the ara.

31 Coetzee, H. (compiler) 2004: An assessment of sources, pathways, mechanisms aficuiskat and potential future
pollution of water and sediments gold-mining areaf the Wonderfonteinspruit catchmelYRC Report No 1214/1/06,
Pretoria, 266 pp.
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areas indicate elevateddioactivity levels. Note the elevateddioactivity in thewetlandsdownstream of mining areas.
The presence of uraniuseries radionuclidesplies that other metals associated with the mining waste stream are probably

also presefrit.

AcCID MINE DRAINAGE

There is wide acceptance thAtid Mine Drainage (AMD) is responsible for the most costly
environmental and socieconomic impacts. AMD ia long recognised problem within the gold mining

industry. In 1903 AMD waseferred to as an establishdieppmenon concerning pumped water on the
Witwatersranéf,

32 Coetzee, H. (compiler) 2004: An assessment of sources, pathways, mechanisms and risks

of current and potential future pollution of water and sedimergslohmining areas

of the Wonderfonteinspruit catchmaMRC Report No 1214/1/06, Pretoria, 266 pp.

3( 0’ Fl ah e R.8cptt WRE R&pdrt No 486/1/9%looding of Central and East Rand Gold Mines: An Investigation
into Controls over the Inflow Rate, WatQuality and the Pdicted Impacts of Flooded Mines
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Metals inAcid Mine Drainage dropout as grecipitate after neutralisation or pH adjustment

(Photographk Stephan du Tojit

AMD has a lowpH and is high in acidity. In addition to the acidity in AMD, a number of other
elements/determinants are also present in the water, mostly metals. Many of these metals are present
toxic concentrations in the water. Radioactive metals also occur in the wa

AMD is associated with surface agdoundwater pollution, degradation of soil quality, for harming
aquatic sediments and fauna, and for allowing reetaseep into thenvironment. Long-term exposure

to AMD polluted drinking water may lead to incredsrates of cancer, decreased cognitive function an
appearance of skin lesioridetals in drinking water could compromise the neural development of the
foetuswhich can result in mental retardatién

Metals from AMD coating grass and seeping intosthié

Results indicate thatdgvels in water resources of the wholnderfonteinspruitatchment increased
markedly since 1997 even thougHaads emitted by some large gold mines in the Far West Rand were
reduced. This apparent contradictioreiplained by the contriltion of highly polluted water which
decantedrom the floaled mine void in the West Rafrdm 2002 to 2012Coetzee et al., 2003 reported

a uranium concentration in a surfagater body next to the northern watershed of the headweagion

of the Wonderfonteinspruit (Robinson Lake) of 16 figdfter underground mine wetdecanting into

the Tweelopispruit was pumped into the lake and resulted in tagoNal Nuclear Regulator (RR)

34 S.H.H. Oelofse, P.J. Hobbs, J. Rascher and J.E. Colliegpollution and destruction threat of gold mining waste on the
Witwatersrand A West Rand case stud®SIR, Natural Resources and &evironment, PO Box 395, Pretoria, South Africa.

%Since 2011 the SABS adopted a valwue of 15 pupwg/|l wuranium
the new value of the WHO making the analysis of uranium mandatory for water nmgnggmgrammes in SA (SABS
2011).
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declaring the lake aadiation area This extreme concentration is believed to be the result of
remobilisation of uranium from contaminated sediment by acidic Water.
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Robinson Lake, a declareddiation area(photograph taken in 2016)
The area is unfenced with no warning signs, adjacemessidential dwellings

The potential volume oAMD for the Witwatersrand Goldfield amounts to an eated 350ML/day
(1ML = 1000n7). This represents 10% of the potable water supplied daily by Rand Water to municipal
authorities for urban distribution Bauteng province and surroundiagas, at a cost of R3000/MLhe

gold mining industry in South Africa (principally the Witwatersrand Goldfield) is in decliffeepost-
closure decant of AMD is an enormous threat, and this could become worse if remaetiiégles are
delayed or not implement&d

The current (immediate and short term) treatment of AMD is by means of neutralisatioptor a
adjustment. In most cases, metals wikcipitate out of solution if thepH is adjust upwards i.e. the
water is madenore alkaline. It should be notéhat the metals do not simply disappear but change to a
different oxidation state, which change them from a soluble form to a solid form. The metals are still
there, in the area where the precipitation has occurrdetifirst place. The process can be reversed an
the contaminants mobilised, should the water become #tidic

36 Coetzee, H. (compiler) 2004: An assessment of sources, pathways, mechanisms aficuiskst and potential future
pollution of water and sediments in gafdning areaf the Wonderfonteinspruit catchmekYRC Repor No 1214/1/06,
Pretoria, 266 pp.

37 Dr. Pat MandersDirector, Natural Resources and the Environm@otncil for Scientific and Industrial Research
Briefing Note Acid Mine Drainage in South Africa. August 2009.

%8 Harmony Envirmmental Impact Documeritled: Impact of the discharge of Treated Mine Water, via the Tweelopies
Spruit, on the receiving Water body Crocodile River Systdiogale City, Gauteng ProvindBWAF 16/2/7/C221/C/24) (3
DecembeR006).
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The CPS and West Wits Pits into which the high demssitsigeis discharged after the neutralisation of AMD within the
West RandThe numerous open pits in the West Rand Goldfield have been identified as a source of ingress of AMD into the
West Randasin, by a study commissioned by the mining industry estimating that they contribute aiebxi&®% of the
total ingres®.

The sulphate concentrations in the neutralised AMD remain higf0@2— 3000mg/l). High
concentrations of sulphate exert predominantly acute health effects (diarrhoea). Sulphate concentratior
of 600mg/l and more cause diarrhoea in most individuals and &daptaay not occurUsually
individuals exposed to elevated sulphate concentrations in their drinking water for long periods become
adapted and cease to experience acute health effects (diarrloeaumerichimit for sulphatein terms

of the ResourcQuality ObjectivedRQOs)for the Upper Vaal is between 200 and 500mg/l depending
on the water ugé

Elevated sulphate concentrations increase the corrosion rate of metalifitivager distribution systems.

Pipes transportingcid Mine Drainage. The photograpbn the leftshows a pipe witprecipitated metals and the
photograpton the rights showsorrosion caused b4cid Mine Drainage.

In livestock watering, it was found that sulphate levels above 250 mg/l suppress copper and seleniur
whichresult in poor fertility and conditidh

TheDepart ment of Water and S aongTemtreamnanta AMDE2813) b i |
and the Reconciliationtfategies for the Integrated Vaal River System warned that thecaddigalinity

39 Department of Minerals and Energy. Regional Mitiesure Strategigfer the West Rand Goldfield. 2008
40 Resource Quality Objectives:
1 Only legislated resource qualities to which specific sites irgsidibernary reaches (SQRs) must comply to.
1 Do not often directly apply to the smaller SQRs most mines impact on directly, but are assigned for larger
catchments into which these SQRs feed into.
41 Jan Myburgh, Faculty of Veterinary Science University of Pretoria, Onderstefoogervation Medicine: Toxicologyls
there a connection between acid mine drainage, acid rain, trace element nutrition of livestock and HIV / AIDS in humans or
the eastern Transvaal Highveld?
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as a result oAMD will create water security risk&n order to comply with the regulatohystream Quality
Obijective (1Q))limit of 600 mg/l sulphated, good quality water has to be released from the Vaal Dam in
order to ensure that the water below Yeal Barrage is fit for use, that is, by meangidition. The
projected demand for increased releases from the Vaal Dam of expensive Lesotho water will increase tt
stress upon the water supply. The addil volume of water that has to be released essult of the
salinity associated with AMD ha®suledin a considerable reduction of water supply to the Upper,Vaal

to the extent that it cancels out the addition of the total capacity of Phasine Lesotho Higlands
scheme.

xuuu mmum I.AMD'Nwthdoniy, wmwlmwonm
then dis sviel eradicated
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Vaal River SystemReconciliation Stratedy.

URANIUM AND RADIOACTIVITY

As a consequence of the uraniferous nature ofjdie ore, Witwatersrandailings and other mining
residues often contain significantly elevated concentrations of uranium and its daughter radignuclides
with the decw series of U238 being domin&ht

“2These Objectives are not legislated but can be made #icoraf a Water Use Licence (WUL). They are set per sub
guaternary reaches (SQR), usually for each WUL but can also be set for the greater SQR to aid DWS in monitoring.
43 Department of Water Affairs. 2014.

44 Institute for Water Quality Studies, 1995; tinste for Water Quality Studies, 1999, Department of Water Affairs and
Forestry, 2003Radiometric Surveying in the Vicinity of Witwatersrand Gold Mines. H. Coele® Closure. 2008.
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An airborne radiometric survey of the West Rand and Far West Rand was done for the Department of Water and Forestry.
Interpretation of the data shows many of the residential areas fall within areas of highaidibadtivity contaminatiof®.

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

1. Inhalation of RAR222 daughter nuclides from radon emissions of desiccated water storage dams
(e.g. Tudor dam) and slimes dams.

2. The inhalation of contaminated dust generated iog \wrosion from these objects, and

3. The contamination of agriculturatops(pasture, vegetables) by the deposition of radioactive dust
particles, which can cause considerable dose contributions via ing@stion.

Strongdust emissions frorailings storagefacilities occurduring wind eventDue to the small particle

size of the slimes, particulate matter can be transported over relatively long distances to agriculturally
used land irthe surroundings. Thdeposition of radioactively contaminated dust avés of vegetable

and forage plants can causaliation expcsures exceeding those from the inhalation of contaminated
dustsubstantially*’

There has also been a historical migration of generally elevated radioactive levels to the urban areas
Johannesbgrcentral business district (CBD) indicating the use of dump and waste material for building
purposes as well as downstream plumesétiandsarea&®.

The measured uranium content of many of the flufiteihg in a stream or rivgrsediment®.g.in the
Wonderfonteinspruit, including those off mine properties and therefore outside the boundaries of license:
sites, exceeds the exclusion limit for regulation by the National Nuclear Refulator

45 Department of Minerals and Energy. Regional Mine Closure Stratedlyedf West Rand gold fields. 2008.

46 NNR Report- TR-RRD-07-0006— Radiological Impacts of the Mining Activities to the Public in the Warfahteinspruit
Catchment Areal2 July 2007

47 1bid

48 Department of Minerals and Enerddegional Mine Closure Strajg for the Central Rand Goldfield008.

49 The National Nuclear Regulator Act of 1999 set up the National Nuclear Regulator (NNR) The NNR came into force in
February 2000 and its role is to protect the public, property and the environment against anwegrIdilings Storage
Facilities are defined in the National Nuclear Regulatert as “nucl ear installations.
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The sedimenfpathway can cause radioactive contaminationvafsiock products (milk, meat) resulting
in effective doses of the public in some orders of magnitude d@hose resulting via the water pathway.

The most important lesson learnt from the studies in the Wonderfonteinspruit is that rcutshestist
which would allow certain pathways to be ignored in a study of radioactive contaminathin these
mining areas’®

An airborne radiometric survey of the West Rand was done for the Department of Water and Forestry b
the Council of Geoscience. Interpretata@frthe datashowsmany of the residential areas fall within areas
of high riskof radioactivity contamination

DumP RECLAMATION

In dumpreclamation activities, a number of cases have been identified where-thanneg of the dumps

was not completed due to the lack of funding on the part of the mining company or due to the heterogeneit
in the dumps which were mined. The granting and authorizairdhé reprocessing of individual residue
deposits by the Department of Mineral Resources has allowed the selective extraction of value fron
portions of a site without ploughing some of that value back intoethabilitation of the entire aréa

North Sands Dump within the West Rand whererédodamation was not completed due to the low grade of gold in the
remainder of the Dump. Note the tailings spillage within a wetland.

The footprintsof re-mined mine residue depost are often left umehabilitated. Radiometric surveys
have in some cases shoetevatedevels of residuafadioactivity in the soils. Failure by the relevant

50 Department of Minerals and Energy. Regional Mine Closure Strategy for the East Rand goldfield. 2008
51 Mine Closure 2008. D.M.van Tondert al . South Africa’s ChaThe@Gonogmaf Pert ai
Regional Mining and Closure Strategies.
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organs of state to enforce the rmympliances by the mining industry in this regard has resulted in
unrestricted developemt and inappropriate langses.

.‘ —— - _ > .r g
R s R WP I T
Photograph on the leftinrehabilitated footprint adjacent to the acutely toxic Lancaster Dam, one of the 36 radioactive

hotspots within the Wonderfonteinspruit Catchment Arehaotograph on the rightinrehabilitated footprint of a reclaimed
TSFin the Central Ran(Photograph: McCarthy, T.)

The associated contribution to ingress of AMD into the mine voidssins is likely to be considerable
as oldtailings are hydraulically mined using higtressue cannons containing partially treatadid
Mine Drainage water. This practice introduces air and water into anaetabings, which not ory
contributes toAcid Mine Drainage formation but there is also evidence for the remobilization of
contaminants such as uranium and cyanides during disturbance of old tailings &posits.

3. MINING INDUSTRY AND ORGANS OF STATE : NEGLECT OF DuUTY
OF CARE

The gold mining industry within the Wivatersrandis aprimary provider of income, employment and
services to the local economy. Howee, any commodity is finite which results ane depletion. The
decline of the gold mining industry has resuli@édverse socikeconomi€® and environmental ingets
for the region, the costs of which are currently borne by communities and &mir@nment, and in
time by future generations.

Although many environmental and social justice issues are addressed in Environmental Legislation pos
1994, deficiencies current legislation remain, as do challenges pertaining to the enforcement of non
compliance with environmental legislation.

52 The following impacts have not been assessed hence not controlled:

1 The associated contribution to ingress is likely to be consideralliel @ailings are hydraulically mined using high
pressure cannons containing partially treated acid mine drainage water (Winde et al. 2011).

1 This practice introduces air and water into anaerobic tailings, which not only contributes to acid mine drainage
formation but there is also evidence for the remobilization of contaminants such as uranium and cyanides during
disturbance of old tailings deposits. (Sutton & Weiersbye 2007; Winde et al. 2011).

53 This includes the social legacy of people employed, stgqhoand attracted to the mine and its surrounding areas, and the
impacts on affected populations when a mine closes or becomes insolvent.

19



Prof. TracyLynn Humby* summarises it as follows:

AThe attempt to establish and e nndwingefectsof aammng ar c
presence in a particular locality has for long been a concern of the South African state. A trajectory of
gradual elaboration and strengthening of the regulatory frame is evident, from the sparse provision for
closureissues in ta Mines and Works Act No. 12 of 1911, to the far more rigorous obligations imposed
by the Mineral and Petroleum Resources Development Act No. 28 of 2002 (MPRDA) as amended.

AfDespite these regulatory advancesthaténablermiingar e
companies to evade costipsureobligations. These are flaws in the powers, duties, liabilities and rights
of key agents in the regulatetbsuremodel and the manner in which these intersect with (i) the transfer
of miningrights,and i i ) the winding up of mining compani

To exemplify: The Blyvooruitzicht Mine was floated in 1937 as a subsidiary of West Witwatersrand Areas
Ltd., Blyvooruitzichtwasa “ out st andi n @02288 ky ef'goldysilver] udaniumgandlother
mineral commodities. Durban Roodepoort Deep Gold Ltd (DRD Gold) was the majority shareholder in
the Blyvoorutzicht Gold Mine Company (BGME In June 2011, the BGMC placed itself under
supervision and business rasdn terms of the Companies Act 71 of 2008.

On 6 August 2013 a provisional windiugp order was granted. The winding up provisions do not
accommodate th&nancial provision for rehabilitation as a speci al call on t
should be sedside before any other creditors are satisfied.

Whil e BGMC’' s IErsvigoanhehtygl Managanent PrggrammeReport (EMPR) of 2007
statedthai The site would be | eft ecologically and g
social or envionmental liability to the locatommunityand t he st at e nB&GMClefr i n
in its wake a number of urehabilitated footprints of reclaimedilings storage facilities toxic and
radioactive water and soil, radioactive infrastructuesljngs storage facilities without vegetation,
retainer walls and functional toe paddocks and penstocks, and total liabilities of R891 098 234. Only R3¢
947 540 was held in trust foehabilitation , however theseehabilitation funds were not released the
Minister of Mineral Resources to mitigate or remedy the significant environmental and social impacts.
Therearealso significantflaws in mineclosure arising from problems in enforcement such as lack of
state responsiveness, political interferenad\eeak state institutional capacity

Costs and impacts continue to be externalized, with impunithéynining industry. Called negative
externalities, these deflected costs are imposed on stakeholders other than the mining cempanies.

The externalisgon of costs is described by Rebecca A. Adler.ehdhe Economics of Peace and Security
Journal (200 7) . Wakehn, eniniggr and veastee anihistori¢ali ahd eeodomit perspective
on conflict management in South Africa

The subjoined theetical representation is used by Adler to describe the externalization of costs by the
gold mining industry in South Africa.

54T. Humby, School of Law, University tfie Witwatersrand, South Africkacilitating dereliction? How the South Afan

legal regulatory framework enables mining companies to circumvent closure d0tids

55 Rebecca A. Adler et al. Water, mining and waste: an historical and economic perspective on conflict management in Soutf
Africa. 2007.
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The Externalization of Costs Model

Our national economic growth has been

driven by an externalized cost model and || of-Balance
Sheet ltems

this can no longer be sustained
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Adler explains the aboveme nt i oned f i g Uhedigura sepredsemts Icaster and behefits
associated with gold mining. Tkertical axis expresses value in monetary terms and the horizontal axis
represents time. The Development and Operational Cost Curve (DOCC) refers to the cost of developin
and operating a specific mine. This includes costs of prospecting, sinking o§mmaiite pumping of
ground water, cooling of shafts, along with developing and employing water treatment facilities and
complying with other environmental regulations. The Revenue Curve (RC) represents the revenut
generated by the mine. The area under theves thus equals cumulative development and operational
costs and cumulative operational revenues. The difference between the two lines at any one point in tirr
equals profit earned by the mine at that instaiidee difference between the total areas urid@CC

and RC reflects lifetime profitability of the mining operation.

AThe financial success of a mine has historically been represented by the cost of development an
operation (DOCC) and the revenues generated (RC). These are balance sheet iternesl reepor
shareholders. Minelosureoccurred when revenue streams dropped below the cost of operating the mine
(to the right of T1).

fiThe third curve in the Figure, the Environmental and SdR@hediationCurve (ESRC), represents the
costs associated wittehabilitation of mining operations after decommissioning, including the cost to
human and environmental health and the social legacy of people employed, supported, and attracted t
the mine and its surrounding areas. Importantly this factors iragtgonaffected populatins that live

off themine, something tha never brought ontanybalancesheet. This curve is slow to gain amplitude
because the environmental impacts of mining are cumulative and typically require several decades to tak
effect. By lhe time environmental and sog@gonomic consequences become noticeable, the mines have
typically closed or become insolvent ahds cannot be compell anymore to contribute to remediation,
either financially or through other actioris

With reference tehe management of Mine Water, the Department of Water and Sanitation identified the
following problems in its Mine Water Management Policy of 2816

56 The Mine Water ManagemeRblicy was issuedn 2016. At the time of writingno positive impact$iave been observed
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1 The delegation of powers between different government departments at the national, provincial
and municipalevels is unclear. Institutional roles and responsibilities are fragmented, overlapping
or vaguely defined. There is a need to rationalise and align national legislation, even our own
National Water ActllWA), to remove ambiguity and address mine watezatly.

1 The MPRDA may play a leading role in the mining sector, but persons/companies/institutions still
have to comply with other statutory duties underNagional Environmental Management Act
(NEMA) and the NWA. Liability thus is based on a consistert comprehensive application of
the abovementioned (not limited to) legislations. This suggests that any
person/company/institution that can be proven to fall within the ambit of Section 19 NWA, and
or Section 28 NEMA, anflor Section 38 MPRDA, can beld legally liable for damages ahd
or negative impacts caused by mine water. The existing frameworks place Government anc
Department of Water & SanitatioBDYVS) specifically in the position of having limited powers in
terms of imposing sanctions. Theigation needs to be strengthened, to give the DWS a strong
legislative basis to impose sanctions &mdpportioniabilities. The best funding models to deal
with historicpollution should be identified. Abandoned mines need to be rehabilitated by DWS
in cases where water security is at risk.

1 The selected technology for the long term treatmeAtcaf Mine Drainage should be situational
based. It should be sustainable, clean (with minimal residualoamésily manageable residues)
and economical.

1 Thecurrent legal and policy context does not draw a clear distinction between the handling and
regulation of (1) new, (2) active and (3) historic mines (including abandoned mines). The current
legal and policy context does not impose special/amdstricte measures in the case of mines
with a significant adverse impact potential. Specific conditions should be imposed on mines that
have an acid generation potential.

1 There is a perception that mining is often authorised, irrespective of whether thteriong
“benefit” outwemghscoshé, | omgluding the <cos
investigation is required on the possibility to use the green approach in miniagvillimvolve
investigations intagreen technologies, sustainable mining rod# etc. and the evaluation of
socioeconomic sustainability.

1T Apportioning l|liability remains problemati c.
l'iability”. The i mpacts caused by mine wat
mining sector, whether during active mining or subsequent to ciosere. Financial Provision
predominantly applies to surfacehabilitation .

1 From a mine water management perspective, there often appears to be a mismatch betwee
environmental planning and the actual interventions earmarked for implementation. The DMR
mandag, i.e. to promote minerals development, appears to be incompatiblegh&ibhWS ' s
mandate, i.e. to protect and use water resources sustainably. Mining authorisations often appear
be granted for mines that are to mine in water sensitive areas. Framng B&ctor perspective
significant impacts due to AMD are often attended to on alogsase basis. From a regulatory
perspectivecan “ I ntegrated Master Plan” is current
developments. Mining authorisat®appear to be granted on an ad hoc basis without the necessary
consultations amongst the relevant Government Departments (DMR, DWS and DEA). It is hoped
that the recenthadopted one environmental permitting system will address this gap.

1 The Mining Charte provides that mines are expected to design and plan all operations so that
adequate resources are available to meatltiseirerequirements of all operations. Section 28(2)

(c) of the MPRDA contemplates that mines should report on their compliance tditimg
Charter onan annual basis. However in instances where a mine is declared insolvent and
subsequently closes, the responsibility is inherited by the State who then has to ensure thi

22



continuougehabilitation of derelict and ownerless mines. Teclatli, the mine escapes liability
and therehabilitation fund provided by the mine is often not sufficient for continuous
infrastructuremanagement andehabilitation. As a result, mine water is left unmanaged if
transfer has not taken plaeehich then typcally becomes a State liability.

TheDepartmat of Wat er séllirodbe iBplementedWateroQuality Management Policies
and Strategies for South Africa Rep6ft 2016 identified the followingveaknesses with particular
reference to the managent of Mine Water:

1 Poor cooperative governance and inadequate-cegssatory interfaces with DWS
Historical and recent lack of precautionary planning, regulation and enforcement
Inappropriate licence conditions;

Lack of monitoring and reporting of ovpollution loads;

Lack of enforcement

Lack of compliance with licence conditions;

Inappropriate licence conditions;

1 Inadequate enforcement capacity

= =4 =4 -4 A -

Uranium, an important bproduct of gold mining in th&Vitwatersrand and an identified hazardous
component of the wastes amdfluents from Witwatesrand mining activities, occurs due to both
radiotoxicity and chemicaloxicity, with in some cases, thehemicaltoxicity dominating over the
radiotoxicity. It s thereforelogical that an integrated approach be adopted for the maeagef
radioactive and chemical contamination dnat this be facilitated by thdifferentgoverrmentagencies
and regulatorgwvolved®. There is little or no brizontal and vertial cooperation between the relevant
organs of statén this regard The Department of Health is notably absent from involvement in the
assessment and mitigationhadalth risks and hazards of mining within the Witwatersigoid fields.

The NationalNuclear Regulator, the competent authority responsible for the protection of the public,
property and the environmental against nuclear damaggguse of its narrow interpretation of its
mandate®, has failed to implement tiremediation of areas with resiual radioactive materialutside
licensed sites anith protect persons living on radioactive mine residue areas.

A recentReportt i t The @ost‘of Gold: Environmental, Health, and Human Rights Consequences of
Gol d Mining i n SoutrahRamdbyithelmesnat®nalansah Rights GliniCHanvard
Law Schodl®®, dated October 2016ound that whilethe South African government hdaring the last

five years taken some noteworthy stepaddress the adverse impacts of gold mining, it hasifenléve

up to many refeanthuman rights obligations. Its response to the crisis in the Réastihas generally

been slow and insufficient. As a result, mining hasomb¢ created environmental ahdalth risks, but it

has also preventecommunity members from realing numerous humamnights. Widespread
contamination has raised concerns uridemrights to health, a healteyvironment, water, and housing,
while inadequatecommunity engagement has interferedth the rights to receive informatioma
participate in decision makify

5"Water Resource Planning Systems Series Water Quality Management Policies and Strategies for South Africa

DWS Report No.: P RSA 000/00/21715/12

8 DMvan TondertalSout h Africa’s Chal | engTheCoRceptdf Regional Miginytdo Mi n e
Closure Strategie®line Closure 2008AB Fourie, M. Tibbett, IM Weiersbye, PJ Dye (eds)

59 Tracy-Lynn Humby. Environmental Justice and Human Rights on thénlWwastelandsf the Witwatersrand Gold

Fields. 2013.

60 International Human RHgs Clinic Harvard Law Schodlhe Cost of Gold: Environmental, Health, and Human Rights
Consequences of Gold Miningin So&H r i ca’ s We st .Oatobdr2@@& nt r al Rand

61 1bid
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The Report furthermore found thdwet South AfricarGovernmerits ef f ort s t o afi

gold mininghavebeen largely incomplet&he governmentas permitted new residential developments

in close proximityto tailings storage facilities It has neithepursued adequate dust contmeasures,
such as irrigation and vegetation of tailings danes ensured that the mining industry dase so. While

the massive amount of waste has beemtilag, the governmerhas takernadequate steps to develop a

more complete solution tdné root auses of polluted dust and sod., thetailings storage facilities
themselves. Mining compé#&s have extracted and removedme metals through -raining, but

n

government overght seems to have been insuffici¢gatminimize the side effects of the process, which
exacerbatedustfallout and increase&MD 62,

The

government’' s poor t dangagingrwehaesidedts abduoinicgonatiars ni ¢

has been almost @soblematic as the advergffects of mining operationk.has prevented local people
from fully exercising two key civiand political rights—the rightto receive information and the right to
participate in desion making®.

In addition, while contamirteon levels have been Wedocumented, there has beenslaortage of
epidemiological studies regarding the effedtsmming contamination on humdmealth in the region. The

lack of such information has underminece si dent s’ a thembelvésr adgocate @n tipeir o t €
own behaf*.

Communities are often left out discussions related tmining operations. Frustration at the lack of
engagement has led to violence, litigation, and feelings of mfStrust

The Government failed in establishing@ordnated anccomprehensive program that baetftigates the
effects of mining and helps the country meetatponsibilities under domestinternational, and regional
human rights laf.

EXTRACTS FROM RELEVANT ENVIRONMENTAL LEGISLATION

There are a number of legal and regulatory frameworks with whitiming company mustomply in
terms ofrehabilitation andclosure, namely:

A Constitution of the Republic of South Africa (Act 108 of 1996) (Constitution);

A National Environmental Managemehdtt (Act 107 of 1998);

A National Environmental Management Amendment Act (Act 62 of 2008) (NEMA); National
Environmental Management Act: Regulations pertaining to Fmsancial Provision for
Prospecting, Exploration, Mining or Production Operations (GN 144i6h replaces the Mineral
and Petroleum Resources Development Act (Act 68 of 2002) (MPR2Asure andfinancial
provision elements repealed;

A Mineral and Petroleum Resources Development Act (Act 68 of 2002) (MPRDA) as it pertains to
thesocial and latour plan;

A National Environmental Management: Waste Act (59 of 2008) and supporting regulations;

A National Environmental Management: Air Quality Act (Act 390f 2004);

A National Environmental Managemesiodiversity Act (Act 10 of 2004);

62 |bid
63 | bid
64 1bid
55 1bid
56 1bid
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National Environmental Management: Protected Areas Act (Act 57 of 2003);

National Water Act (Act 36 of 1998) (NWA);

The Nuclear Energy Act (Act 131 of 1999) and National Nuclear Regulatory Act (Act 47 of 1999);
The National Radioactive Waste Disposaititute Act (Act 53 of 2008);

Mine Health and Safety Act (Act 29 of 1996).

Too Joo Too T To

The subjoined Tablprovides a brief description of the legislation as it pertair$osure.

25



Table 1. Summary of SA legislation and
implications for closure Legislation

Implications for Closure

The Constitution

In terms of Section 24 of the Constituti
“Everyone has the 7
To anenvironment that is not harmful tg
their health or welbeing; and

To have theenvironment protected, for thg
benefit of present

Constitutional requirement to ensure that
Plan includes measures that protect the rif
of people to anenvironment that is not
harmful to health or welbeing postlosure.

National Environment Management Act
Sections 28 (1) and (3) of NEMA set out
duty of care principle, which is applicable
all types ofpollution and must be taken int
account in onsidering any aspects
potentialenvironmental degradation
Every person who causes, has caused or
cause significanpollution or degradation o
the environment must take reasonab
measures to prevent sucpollution or
degradation from occurring;ontinuing or
recurring, or, in so far as such harm to
environment is authorised by law or cann
reasonably be avoided or stopped,
minimise and rectify suchpollution or
degradation of thenvironment.

The measures required in terms of subseq
(1) may include measures+o

Investigate, assess and evaluate the im
on theenvironment;

Inform and educate employees about
environmental risks of their work and ti
manner in which their tasks must
performed to avoid causing significa
pollution  or degradation of thi
environment;

Cease, modify or control any act, activity
process causing tipellution or degradation
Contain or prevent the movement
pollutants or the causes of degradation;
Eliminate any source of theollution or
degadation; or

Remedy the effects of theollution or
degradation.

Environmental Assessmen
Regulations, 2014

These regulations were developed for
preparation, evaluation, submissig
processing and consideration of, g
decision on, applications for environmen

authorisations.

Impacts

Any new EIAs or BAs for the mine will b
required to consideslosureduring plaaning
and to include alosure plan andclosure
estimate to support an authorisati
application.

National Environment
Waste Act

Part 8 of Chapter 4 of the Act indicates

requirement to identify the status amgk of

contaminated sitesnd provides a lege
mechanism foremediation activities to be
instigated and controlled.

Management:

Contamination resulting from operatior]
activities will requireremediation, with the
final soil quality meeting requirements
specified in the Acts Regulations.

Waste Classification and Managemen
Regulations

The Waste Classification and Managem
Regulations require that (Chapter 2, 4(2))
waste generators must ensure that the w
they generate is classified in accordance \
SANS 10234 within 180 daysf generation
and if the waste is to be disposed of to lang

The Waste Classification and Managem
Regulations and the supporting Norms ¢
Standards as well as Regulations regarc
the Planning andManagement of Residu
Deposits and Residue Stockpile do |
contain specifications arouradosure, other
than the requirements in Regulatig
regarding the Planning and Managemen
Residue Deposits and Res&d8tockpile.

26



that (Chapter 2 (8) (a) the waste is assess
in.

The requirements faemediation, including mineclosure, in the applicable sections of the

NEMA and NWAar e si mil ar , namely that a “responsi
measur es” t o andremediatethe, effeatfpalltitiono [This raises fouspecific

legattecmicalquestionsn a mel vy, who i s responsible, which
under thes statutorypr ovi si ons, what are the Iliabilitie

whatare thedutesa nd obl i gati onpeobonlitendbamaspabke bine a:
that can be taken to avoid these liabilfties

Three of these questions are now discussed, namely who is responsible, who is lialbiat and w

ar e t he duti es and obligations of t he “re
Environmental Management Act (107 of 1998) (NEMA) and the National Water Act (19 of

1998) (NWA).

WHO IS RESPONSIBLE %87

Section 19 of the NWA deals with prevention and remedying effegslioftion and states in
subsection 190t h arn owner of land, person in control of land or a person who occupies
or uses the land on whicfa) any activity or process is or was performed or undertaken; or (b)
any other situation exists, which causes, has caused or is likely topmdusi®n of a water
resource, mst take all reasonable measure to prevent any galtiition from occurring,
continuing or recurring.”’

Section 28 of the NEMA, South Africa’s fram
matters, deals with duty of care towapglution prevention ad remediation, and provides

for a very broad duty to take reasonable measures to rpotifition or degradation in section

28(1). It includes persons whmter alia, causeandhavecausedollution or degradation.

WHO IS LIAB LE®?

Under the NEMA andby implication the NWA, liability is specifically extended to the director
of the business concern in his or her personal capacity i.e. personal liability

In terms of NEMAsection 34(7)a person who is or was a director (member of the board,
executive comittee, or other managing body of a corporate body and, in the case of a close
corporation, a member of that close corporation or in the case of a partnership, a member of

67 Carin Bosman and Louis J. KotZResponsibilities, liabilities and duties for remediation and mine closure
under the MPRDA and NWA. 2005.
58 |bid
59 |bid
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the partnershipf a companyat the time of the commission by that firm of an offenader a
provision listed in Schedule 3 (this includes the NWA) will be guilty in their personal capacities
of the offence and liable on conviction to the penalties imposed in the offence by the company.
Proof of the said offence by teempanyunder theSchedule 3 provision shall constitute prima
facie evidence that the director is guilty under this subsection of NEMA.

Under these provisions, which include the NWA, it is only necessary to show that the
responsible person at the time failed to take restdenmeasures, which implies a strict
liability, since such failure to take reasonable measures, or eyaillution impacts were
caused inadvertently automatically invokes the liability.

Retrospectivity of the polluter pays principle

“NEMA h as ndecte clarifathae the duty to take reasonable measures to pl
significant pollution or degradation of thenvironment from occurring, continuing o
recurring (“the dut ypollatibn tlhataacariell betorde SNEM/
commenced; tgollution that might arise at a different time from the actual activity
caused the contamination andpllution that may arise following an action that chani
pre-existing contamination (NEMA section 28(1A). It is therefore no defence to sapét
pollution is historic, indirect or underlying the responsibility to take reasonable st
remains.

The significance of these changes becomes more apparent when one remembers th
34 of NEMA makes provi si on fsand pabnerships) ar
their “directors’™ (including board me|
or companies or members of close corporations or of partnerships) to be held liable,
personal capacities, for environmental crimesisTpersonal liability also applies |
managers, agents or employees who have done or omitted to do an allocated tas
acting on behalf of their employer. In all instances, the offence in question has to be ¢
is listed in Schedule 3 of NEMA drthe person concerned must have failed to have t
all reasonable steps necessary under the circumstances to prevent the commissi
crime.

The sting in the talil is that NEMA section 28(14) iswlsted as a Schedule 3 offence. T
means that niess it can be shown that all reasonable steps necessary to prevent tf
were taken, even an unintentional (but negligent) unlawful act or omission which {
significantpollution or degradation of thenvironment, can makea * di r ect ¢
liable.”

(Reference: Environmental Law and Liability. Enviropoedia. 2012. Glendyr -\
Associate: Cullinan and Associates.

Section 19 of the NWA deals wittollution preventionand in particular the situation where
pollution of a water resource occurs or might occur as a result of activities on land. The person
who owns, controls, occupies or uses the land in question is responsible for taking measures to
prevent pollution of water resources. If these measures are not takencatchment
management agency concerned may itself do whatever is necessary to pregyahittbe or
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to remedy its effects, and to recover all reasonable costs from the persons responsible for the
pollution .’

The“Regulations on use of water fanining and related activities aimed at the protection of
water resources(GN. R. 704 of 4 June 1999) impose restrictions on locality and restrictions
on use of material, capacity requirements of clean and dirty water systems, protection of water
resourcessecurity measures and temporary or permanent cessationiiod radativity.

WHAT ARE THE DUTIESA ND OBLIGATIONS OF TH E RESPONSIBLE
PERSON *7?

Il n terms of both the NEMA and NWA, the “res
measur es” t pollupon ervdegradatios fuom loccurring, continuing or recurring.

These Acts then describe a variety of actions that must be undertaken, ranging from
investigation&, training, ceasing or modification of activities or processes, containment and
remediation.

I n addition to taking these reasonarit|] e mea:
prior to approval of hisEnvironmental Management Programme Report, must make

financial provision for remediation of environmental damage or management of megat
environmental impacts.

In terms of Regulation 26(h), all environmental authorisations issued uhdeEIA
Regulationf 2014post December 2014 must be made available by the authorisation holder
on the company’s websi brerequeatt t he site of ope

. the environmental authorisation itself;

. theenvironmental management programme

. any independent assessments fofancial provision for rehabilitation and
environmental liability;

. closureplans (where applicable);

. audit reports; and

. all compliance monitoring reports.

70 Duard Barnard et al (CompilefRoad Map to Environmentakgislation.Edition 4. 2011

" Carin Bosman and Louis J. KotZesponsibilities, liabilities and duties for remediation and mine closure

under the MPRDA and NWA. 2005.

72 Section 28(4) of the NEMA:

“ ( &he DirectorGeneral or a provincial head of depagtthmay, after consultation with any other organ of

state concerned and having given adequate opportunity to affected persons to inform him or her of their relevant
interests, direct any person who fails to take the measures required under subsection(1) to

€) Investigate, evaluate and assess the impact of specific activities and report thereon;
(b) Commence taking specific reasonable measures before a given date;

(c) Diligently continue with those measures; and

(d) Complete them before a specified reasohae dat e . ”
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This requirement, or condition of operation, is legally binding. Failure to adhere is a criminal
offence in terms of section 49A(1)(c) of NEMA and can attract a fine of up to R10 million or
imprisonment for a period ofputo 10 years.

Mining companies which did not hold NEMA environmental authorisationsDpeember

2014 will also be subjected to these disclosure requirements when they amend their
environmental management programme previously issued under the Mineral and
Petroleum Resources Development Act 28, 2002 (MPRDA). This is because the 2014 EIA
Regulations spefically provide (Regulation 54}that the amendment agnvironmental
management programme issued under the MPRDA must be dealt with in terms of the 2014
EIA Regulations under the provisions for amending environmental authorisations. The only
logical outcome to such an amendment process would be for the competent authority to issue
a new environmental authorisation, which would then be subject to the regniscof
Regulation 26(h) Regulation 34(5) of the EIA Regulations of 20fidkes provision for public
participationon the annual audit report afilancial provisions of the minesThe audit reports

and updated financisinust also be available to the ficbn accordance with regulation 11(3)

of the 2105inancial provision regulations.

The audit report has to be completed byraiependent qualified auditandshouldcontain:

1 The ability of theEnvironmental Management Programme Report (EMPr) and
closure plan to sufficiently provid for the avoidance, managemanitigation of the
ongoing andlosureimpacts. (reg 34(3) 2014)

1 The level of compliance with ¢hEA, EMPr anatlosure plans. (eg 34(3) 2014)

Any insufficiency must be brought to the atien of the holder of the rightWhen submitting
the report the holder must also submit recommendations to rectify and come into compliance.
These must also be made iafale for public participation(Reg34(4).

The results of the assessment of the adey of thefinancial provision must be compiled by
an independent auditor and must be included in the annual audit report. (Reg 11(3) 2015).

The annuatehabilitation plan audit must include the sum of tlreancial provision and an
indication ofhow thesum was determinedRég 12(4) 2015)

The environmental audit repom terms of GN 982 of 4 December 2014 NEMA EIA
Assessment Regulations must provide for recommendations regarding the need to amend the
EMPr, and where applicable, thisureplan.

In tems Reg 34 (3),he environmental audit report contemplated in edulation (1) must
determine

(a) the ability of the EMPr, and where applicable ¢losure plan, to sufficiently provide for
the avoidance, management and mitigation of environmental impasociated with the
undertaking of the activity on an ongoing basis andufficiently provide for th@voidance,
management and mitigation of environmental impacts associated wittloee of the
facility; and

(b) the level of compliance with theqvisions of environmental authorisation, EMPr and
where applicable thelosureplan.
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34 (4) Where the findings of the environmental audit report contemplated iagulbtion (1)
indicate

(a) insufficient mitigation of environmental impacts associatétl the undertaking of the
activity; or

(b) insufficient levels of compliance with the environmental authorisation or EMPr and, where
applicable thelosureplan;

the holder must, when submitting the environmental audit report to the competent authority i
terms of sulregulation (1), submit recommendations to amend the EMPBlosure plan in
order to rectify the shortcomings identified in the environmental audit report.

34(5) When submitting recommendation in terms ofregjoilation (4), such recommenideis

must have been subjected to a public participation process, which process has been agreed to
by the competent authority and was appropriate to bring the proposed amendment of the EMPr
and, where applicable tlaosure plan, to the attention of poteatiand registered interested

and affected parties, including organs of state which have jurisdiction in respect of any aspect
of the relevant activity and the competent authority, for approval by the competent authority.

34(7) An environmental audit repaonust contain all infanation set out in Appendix 7 tbese
Regulations.

The Scope of thdéinancial Provision in terms of the abovementionedGN 1174 of 20
November 201%s as follows:

AN applicant or holder of right or permit must mdkeancial provisionford
(a) rehabilitation andremediation

(b) decommissioning andlosure activities at the end of prpgecting, exploration, mining or
production operations; and

(c) remediationand management of latent or residual environmental impacts which may
become known in future, including the pumping andtineat of polluted or extraneous
watero

The Requlatory Framework in termsNitional Nuclear Reqgulator Act (47 of 1998)NRA)

In terms of Section 2 of the NNRA, the Act is applicable to:

fi ( a Jhe siting, design, construction, operation, decontamination, decommissioning and
closureof any nuclear installation;

(b)  Vessels propelled by nuclear power or having radioactive material on board which is
capable of causing nuclear damage; and

(c) Any actionwhich is capable of causing nuclear damage

A nuclear installation is defined in the Act as:
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ayna facility, installation, plant or struc

the carrying out of any process, other than the mining and procesising within the

nuclear fuel cycle involving radioactive material, including, but not limited to

® A uranium or thorium refinement or conversion facility;

(i) A uranium enrichment facility

(i) A nuclear fuel fabrication facility

(iv)  Anuclear reactor

(V) A spent nucleafuel reprocessing facility

(vi) A spent nuclear storage facility

(vi)  An enriched processing and storage facility; and

(viii) A facility specifically designed to handle, treat, condition, temporarily store
or permanently dispose any radioactive material which is intentedispose
of as waste material, or

(ix)  Any facility, installation, plant or structure declared to be a nuclear installation
in terms of section 2(3)0

(Emphasis added.)

Tailings storage facilitesor t ai |l i ngs dams f al |l squdear el v w
installation ”

NNR Requlations

Thedraft NNR Regulationswhich still await official approvakrealignedwith international
best practice faremediation and establiskn authorisation processiteria for release of land
remediated, other thaxclusion and exemption criter@gand the dvelopment ofa skills plan

for training and development of newly appointeaffsin the area ofemediation as well as

the establisbment of contacts and cooperative agreements with other Governmental
Departments

With such an impressive legal armoury, one is bound to ask (a) when it has been used; (b)
against whom and (c) with what outcome? Without this info, the detail of the previous sections
is just left hanging. These issues need to be addressed, evenuitittorepeatthat little if

any of the law is enforced

4. PROPOSED PILOT PROJECT

Four major mines the West Rand have over a period of more than 130 years, extracted gold
and at times uranium frometasedimentaryrocks of the Witwatersran8upergroup. The
goldfield occyies a triangular area bounded by the Rietfontein Fault in the north, the west
Rand Fault in the west and that@ortjie Fault in the south and east.

The goldfields of thewed Rand arecurrentlyconstituted by the mining companiesb&iye
Gold, Harmony Gold and Mintails SA (Pty) Ltd.
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Mining in the West Rand Goldfield began after the discovery of gold in 1886. As gold was
mined from greater depths in the 1890became necessary to dewater the mines by pumping
water from the undergund workings. This continued until the 1990s when underground
mining was abandoned and the underground wigek wereallowed to flood. During the
mining period all the undergroumbrkings within the goldfield were interconnected. During
flooding, ths allowed the establishment of lydraulic equilibrium, with all of the mine
workings flooding to an approximate constant level. Recent mining activities by Mintails and
SibanyeGold have been lim#d to shallow operations via a number of open pit ogerand
thereclamation of the large volume of tailings present on the surface.

In 2002 the water level in the underground workings rosed@tint where it was able to
decant to the surface via a seepage through an outlier of dolomite andlgngvehaft. The

water quality was ex¢mely poor, with lowpH and highlevels of sulphate, iron, metals and
radionuclides, primarily from the uranium seriddany of these metals are present in toxic
concentrations in the mine water. In addition, radioactiveala@lso occur in the mine void
water. The following determinants in the mine void water exceed the Maximum Allowable
Limits (Class Il) of the SABS 241 Drinking Water Standard, in many cases by several orders
of magnitude:pH, Electrical Conductivity(EC), Total Dissolved Solid§TDS), Sulphate
(S™9), Iron (Fe), Magnesium(Mg), Calcium(Ca), Manganes€Mn), Aluminium (Al), Lead

(Pb), Cobalt(Co) andNickel (Ni). It can be assumed with a reasonable amount of certainty that
most of the other metals woultko be present in elevated concentrations. The mine void water
is toxic and could lead to severe health effects or death in humans, should it be used for drinking
purposes in its undiluted forrf?

This water flowed into the neighbouring Krugersdorp Gaesenve where it has been shown
to have had a devastating effect on the local ecology.

7 Harmony Envirmmental Impact Document titletinpact of the discharge of Treated Mine Water, via the
Tweelopies Spruit, on the receiving Water body Crocodile River System, Mogal&&itieng Province
(DWAF 16/2/7/C221/C/24) (3 December 2006
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Hippo Dam, prior to the decant of AMD, known as the Dry Dam. Notertbeipitated metals in the Dam.

Hippopotami bulls in the Hippo Dam, coated with mstatige(2010)
(Photographs: Stephan du Toit)



Tweelopiespruit with precipitated metals, a yeHorange solid colloquially known as yellow boy.
(Photographs: Stephan du Toit)

In 2012 the immediate and short term treatment of the void watempasvied the conditions,
althoughthe quality of water discharged into the Tweelopiespruit iscwnpliant with the
Depart ment of Water and Sanitation’s require

The Tweelopiespruit represents the most direct route for the mine void water to heach t
Zwartkrans Compartment, which hosts the sensitive Cradle of Humankind World Heritage
Site. The Tweelopiespruit is part of the Crocodile West Water Management Area and the
Magaliesburg Water Catchment Forum.

In terms of theHarmony Environmental Impactdaument tittedi | mpact of t he di
Treated Mine Water, via the Tweelopies Spruit, on the receiving Water body Crocodile River
System, Mogale City, Gauteng Proent ( DWAF 16/ 2/ 7/ C221/,C/ 24)
2654 Ha are under irrigation using baohwater within the Zwartkrans Compartment and

458 Ha are under irrigation using river water. More thad41l people use the water for
domestic purposes.

Its path through the Krugersdorp Game Reserve assigns to it even greater ecological
importance andesitivity.

The decant of untreated mine water from 2002 to 2012 and the current discharge of neutralised
mine water via the Tweelopiespruit has resulted irctdmamination ofeceptor damsuch as

the Hippo Dam and Aviary Damithin the Tweelopiesprtiand its associatestetlands The

Dams associatedvetlands and streambed contain allpw-orange solid cdéoquially known

as yellow boy andtber types of irorprecipitates, including iron oxides and oxyhydroxides

All theseprecipitates discolaur thewater and smother plant and animal life on the stredmbe
disrupting streanecosysters.

The ecological status of the Tweelopiespruit is:

35
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A Hazard Classification System for natural water
assigned &€lass VRi v e r \Merny Hidh Aecute ©
Hazard” t o the Tweel opi es

@» Mogale City

AQUATIC BIOMONITORING

All aquatic life (macreinvertebrates) has since then
being destroyed including fish &amphibians &
terrapins

@‘- Mogale City
: NM

Winde found that the ain pollution sources of void water are perhaps not teda
underground but on ssmallfsteeansgs.croskirig the mising beit are d
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highly contaminated by mining relat@dllution sources resulting in stream water frequently
displaying characteristicef acid mine drainage’ "

A number of workers have identified elevated gold contemettandsaround Witwatersrand

mines, with gold concentrations reaching as much as 10g/t in some places (Coetzee et al, 2002).
There is therefore the potential to recoveetals in theHippo Dam and Aviary Dam artie
Tweelopiespruit, and the impactedetlands which can be used to fund the ecological
rehabilitation. The rehabilitation of these Damswetlands and Spruit can be used as an
engine for job creation for residis of poorer parts of Mogale CitfKrugersdorp) and
Randfontein

Therehabilitation project has the possibilitytne i nt egr at ed Socialénd Si b an
Labour Plan and will assist with its regional planning folosure and a more satisfactory
environmental conclusioandtheresultant minimisation diuman an@nvironmentaimpacts

in the postlosure phase.

The rehabilitation project can furthermordorm part of the Department of Water and
Sani t dAdapte-Rives' programme. The AdogtRiver programme has beempanded
to areaswhere interested partiesn participate in the Adop&-River programme and learn
about the protection and management of their water resources. Thes &anmobilise
volunteers to assist isafeguanthg the health of the rivers andetlandsin a sustainable way.

THE REMEDIAL ACTIONR  EQUIRED

While land uses can seldom be restored to their original state, it may be sometimes possible for
river ecosysters. If this is not possible local communities should be involved in the decisions
regarding the establishment of objectives for such future use, as well as in discussing the
alternatives for engineering interventions, where decisions regarding such opgtiafect

the future land and riveecosystemuse since they are the ultimate recipients of potential,
ongoing and historicadollution and the potential future land aadosystemnusers.

Remediation is sea, in the context of the Pilot Proje@s actim by the responsibland
relevantparties to remove radioactive contaminated material fr@ailippo Dam, the Aviary

Dam andthe wetlands downstream of the Tweelopiespriandrehabilitation of thesesites
andrestoration of the ecesystem The action ofemoving material andehabilitation will

have to be done within the confines and to the standards as set by legislation and the mandated
authorities.

Therehabilitation pilot project will have to comply with all the relevant Acts and Regulation,
in particular:

. The NWA and Regulations
. The MPRDA and the MPRD Regulations for MiGésure
. The NNRA

"“Winde F. Desktop Assessment of the risk to basement structures of buildings of Standard Bank and ABSA in
Central Johannesburg to be affected by rising water levels in the CentralNBagi011.
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. The NEMA
. The NEM:Waste Act
. The NEM: Air Quality Act

Remediation activities in wetland areas should be based on a survey to determine the nature
of the wetland and its ability to recover to a fully functioning wetland after the -clean
Wetlands are protected by law, and authorisation for the clgaraction will have d be
obtained from the environmental authorities.

It is recommended that a consultative and collaboragivediation framework be established

to address the complex challenge of temediation of the receptor dams, esystem, and

wetlandsof the Tweelopespruit. J.F. Ellis in his treatise titlddE st ab | i s workfagy a Fr a
Intervention andRemediationof Radioactive Contamination from Gold Miniing.earning
fromthePast recommends that the proposed frame s

91 Industry grouping

1 Regulatorygrouping

1 Community grouping

1 Project steering committee

1 Project management team and associated technical teams

Ellis recommends that the proposed management framework should aim to enhance the
effectiveness and efficiency of the process by:

1 Consolidated antbcused technical teams following a common methodology

1 The establishment of a consultative and collaborative steering committee to ensure the
necessary buin from all stakeholders

1 The establishment of the necessary third party type structures to #reuhe project
is concluded with the control of the regulatory framework.

Furthermore, a significant number of peer reviewed academic reports and governmental reports
havebeen published, which identified and characterized the contaminated sites. hranoug
integrated approach all this information should be pooled and made available. Once that is
done, a strengths, weaknesses, opportunities and threats (SWOT) analysis can be performed,
from which an action plan for thremediation of the Tweelopiespruivetlands ecosystem

and receptor dams should flow for tteenediation of the contaminated sites.

The i Gui del i nRebabilitabon o ft h BIi n e Chamben df dMines of South
Africa/Coaltech, November 2007) should guide tkhabilitation of the wetlands eco
systems and receptor dams within the Tweelopiespruit.

The Guidelines address the following:

1 Soil replacement

1 Soil amelioration

1 Dealing with metal toxicities and soil acidity
1 Revegetation andiodiversity re-establishment
1 Rehabilitation monitoring and maintenance.

TheGuidelinesar e a p p lalil formsof neining, doth“surface and underground and all
mi ner al extractiono.

The findings and recommendations of the Depa
Nati onal N u c | “®VanderfoRteirgsprdit aCatchments Ardeemediation Plan,
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Radioactive Contamination Specialist Task Team, Report on Site Visits and Redethmen
Act i (@009 baveparticularrelevance to the proposed pilot projant shouldalsoadvise
the actions of the proposed pilot project

The rehabilitation pilot projectwill have tobe i ntegrated with the |
Integrated Developmem| ans and the Mining Company’ s:

1 EMPr

Social and Labour Plan

Closure Plan

Water Use License

Waste Licence

Certificate of Registration in terms of the NNRA

= =4 -4 A -1

The abovementioned integration will call for close -@peration or collaboration with local
and district Municipalities, e.g. Mogale City Local Municipality and the West Rand District
Municipality as well as the Mining Companies operating within the, a@aely Sibanye Gold
and Mintails

Theaction plan fothePilot Project must benderpinned by ensuring the provision of adeguat
funding. Without funding the Pilot Project cannot succeed.

The NNRNferReémediatom f Cont ami (RLN{SARA-1E01X)(e“stohe PI1 an”
and i Re me d iCritdria and Requirements(PR0018)( “ Remedi at,jdatad Cr i t €
September, 201Baveparticular reference the Pilot ProjectRelevaniextracs from the Plan
and Remediation Criteria are subjoined hereunder and ought to advise the propRiked
Projectfor theremediation of the Tweebpiespruitwetlands receptor dams and esgstem.

1 ALand not under NNR authorisation must therefore be brought under NNR
authorisaton before it may beemediated.

1T A"The site that shall be remedi ated shall
be called up in a formal authorization.

1 AThe site coordinates shall be specified on a map of the area in order that the NNR
may authorize this siteThe ste coordinates shall be provided to the NNR by the
responsible authorisation holder operating in the area.

1 AThe site map shall be called up in a Certificate of Registration and shall be the site
on which all ckanup operations take place.

1 Adetaileds af ety assessment will be required. oo

The various governmental organizations concerned wigmediation of historically
contamin&ed land will have tooversee theemediation pilot project e.g. the NNRthe
Department of Water and Sanitation, the Department of Mineral Resources, the Department of
Energy, the Department of Agriculture, Forestry and Fishing, hetoce an authorization
request will have to be submitted to the abowentioned organs of staite order to cleafup

the contaminated sites.

Grounded upon th® N R Criteria and Requiremest

1 A site or sites will be selectédr remediation
1 After the site has been selectademediation action planwill be developed
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1 The action plan iiinclude adetailed operational plan
0 The operational plan will identify theemediation technologiego be used as
well as thevaste managemenbptions
0 The operational plan will feed intoveorker safety assessmeatestablish
worker andworkplace safety angrotective requirements
1 Workersafety assessmeranad public safty assessmentsill be conducted
0 This safety assessment will determine the doghdaepresentative person,
who is a member of the public.
o All age categories will be considered
o Exposue from all pathways, external and internal will be considered and
summed. Internal exposure will include ingestion and inhalation.
0 The results of this safety assessment will be used together with other factors to
prioritize the identified sites earmarkéor remediation.
1 Derived from the operational plan and the safety assessments, will totimvation
protection plapwhich includes workplace and worker safety plans.
1 Anenvironmental surveillance programnweaste managemenprogramme, security
plan,_emergency plawill be developed.
1 All of this will be linked through #otal integrated quality plan
1 Site release criteriill be developed. This criteria will be based on exposure from all
pathways. Therefore the release criteria will contain reference levels for external
exposure, surface contamination and volume contamination levels.
1 A monitoring programméor demonstraon of compliance with release critarwill
also ke established and implemented.

Theremediations t r at egy s houl d, Plananddriteria angl Regdirenteftise N NR'’
include:

=a

Optimization ofremediation measures
Remediationplanning

Radiological swveys during cleatup operations
Dose Assessment for all pathways

Training of workforce

Site security during the cleamp

Radiation protection duringemediation
On-site and Offsite monitoring

Emergency planning

Administrative control

=4 =4 -4 -4 A -8 -9 -2 -9

The NNR developed arocess mafor remediation. The Pilot Study forthe remediation of
the Tweelopiespruit eesystem, receptor dams ametlands will have to comply with the
process map faemediation.

The process map sibjoined hereunder:

a) NNR’ s Regul at ®RemediaGomi dance on
1 Regulatory requirements specified
1 Remediationcriteria specified
1 Use of safety standards
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b)

d)

g9)

h)

1 Site Specific activity levels
1 Dose limits for public safety
1 Reference levels applied
Co-operation with the other Regulators (e.g. DMR, DOE, DWS, DEARegulatory
Guidance orRemediation
1 Ensure that legislative requirements are integrated
1 Invoke provisions ofemediation
1 Exercise cooperative governance
1 Joint actions carried out
Secure funding for Plan implementation
T Enquire regardi ngowhelesssie MR’ s f undi ng
1 Comply with legal basis for ownerless sites
1 Obtain assistance for a cost estimatiornréonediation of selected sites
1 Agree on central administration for disbursement of funds
Plan joint effots to implement Plan and Work
1 Consolidate plan ith key role players
1 Ensure that the project is carried out in terms of an approved project plan
1 Have an implementation plan with achievable deliverables
Facilitate consultation with Technical Organisations, Chamber of Mines, Mine Water
Research Group, Caail for Geoscience, Mining Interest Group, Civil Society
Situational Analysis of contaminated sites
Technical inputs from institutions to be collated with the Plan
Use of historical data for decision making
Be informed by radiological data, site datmvironmental parameters and
geological issues
1 Unified approach to be utilised foemediation options
1 Involve interested and affected parties
Apply the agreed authorisation process femediation including identification of
applicant for remedial actions
1 Applicant for the authorisation must be identified
1 Site must be demarcated
1 Suitable authorisation conditions applied femediation
1 Likelihood that contractor becomes the applicant
1 Requirements from other regulators need to be complied with
Facilitate tke performance of the safety assessment process
1 All radiological pathways to be assessed
91 Dose criteria in terms of prescribed limits and reference levels
1 Compliance with Safety Standards
1 Use of Regulatory Guide on Assessment of Mining Residues
Review of Saéty Assessment fdRemediation
1 Compliance to regulatory requirements
1 Compliance taemediation criteria
1 Approvedremediation process
1 Approval ofremediation technology

= =4 -4 A
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i Safety in terms ofvaste managemenand disposal
i) Authorise Actions associated wiemediation
1 Approve control measures
1 Ensure project control is in place
J) ApproveRemediationOperations
1 Appropriateremediation technology deployed
1 Roles and responsibilities of parties approved
1 Duration of projects to be monitored
1 Workforce safety to be deonstrated
1 Protection of public to be controlled
k) Inspect and monitdRemediation Operations
1 Have inspection plan for project
1 Monitor progress made with operations
1 Conduct inspections
I) Holder to provide close out report
1 Submission to the NNR on effectivenegsemediation
1 Demonstration whetheemediation is achieved
1 Safety assessment of remedial actions
m) Verification ofremediation
1 Carrying out of confirmatory surveys by inspectors
1 Confirmation of reduction of contamination
1 Depth profiles accepted
1 Preparatia of regulatory decisions in regard to the operations and removal of
contamination
n) Removal from regulatory control
1 Motivation for the enebtate of the site
1 Consideration of the future use of the site
1 Regulatory criteria to be applied in terms of release
1 Revocation of the authorisation

In conclusion, in view of th@otentialcosts ofremediation it is critical that source contro
mechanisms aragreed in addition to appropte remediation measures to ensure that the
current situation does not repeat itselfuture.

J OB CREATION OPPORTUN  ITIES

In order to assess the job creation opportunities fordgheediation of the Tweelopiespruit
and its adjacent contaminated wetlands and receptor dams, it is helpful to know the
demographics of the West Randold fields.

SWest Rand District Municipality: Integrated Development Plan Review 2015/16
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P OPULATION

Figure 1 showshe population per municipality.
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Source: IHS Global Insight, 2013
Note: * indicates an estimate
Figurel: Population West Rand District, 2003, 2008 & 2013

The gap between employment growth and the labour force growth has resulted in rapidly rising
numbers of unemployed individuals. The section below gives the labour market profiles of the
West Rand district municipalities, followed by an analysis of employment and unemployment

in these municipalities.

LABOUR MARKET PROFILES

Mogale City Randfontein Westonaria
Economically Active | 179968 61670 61 534
Population
Employed 100311 30 463 25472
Unemployed 52 663 22 306 15175
Unemployment rate | 29.3% 36.2% 24.7%

Figure 2: Labour profiles of West Rand District 2012 (Soutds Global Insight, 2014)

Figure 2shows the labour profiles of the West Rand district municipalities in 2012. Mogale
City local municipaty had the largest EAFEconomically Active Participantsat 179968, as
well as the secontdighest unemploymentate, at 29.3%It also had a comparatiyelarge
NEA (Not Economically Activepopulation, with 8197 discouraged wotkeekers and 7240
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other NEA. Randfontein local municipality had the highest unemploymatet in the West
Rand, at 36.2% Employment inthis municipality has primarily been growing in the
government, social amgersonal servicg with some growth in finance abdsiness services.
Westonaria had the smallest EAPthe West Rand District, at &B4. It also had the second
lowest urmploynent rate, at 24.7%after Merafong City. The unemployment rate was
contribued to by the weakening mining andarrying suksector in the municipality. The
Westonaria economy is highly focussed on mining and the loss of output in thectabhas

a negate impact on its labour market. The Merafongy@itunicipality had an EAP of 7836.
With 67654 ofthose persons employed, its 288 unemployed persons translated into an
unemployment rate of 13.19% his was the lowest unemployment rate in the West Rand
2012.

EMPLOYMENT

When formal employment fell due to the global financial crisis, some of those who left the
formal sector were absorbed in the informal sector. The figure below indicates the employment
trends within the district.
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Figure3: Employed persons in the formal sector

Figure 3shows the number of employed persons as well as the percentage of those employed
in the formal sector for the local municipalities of the West Rand in 2003 and 2012. Mogale
City had the largest number of employed persons and was the only local municipality in the
West Rand with significant employment gainsvien 2003 and 2012. In 2003, 391
workers were employed in Mogale Cityy 2012, this had risen to 18Q1. The incease in
employment was driven by the exgémn of the government, social apersonal seices and

the finance anBusiness services sectors. The percentage of workers in the formal sector
remained lagely static, at about 89%

762016 IHS Global Insight Southern Africa.
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There was negligiblergwth in empoyment in Randfontein, from 2891 in 2003 to 3@63

in 2012. Higher employment in the finance & buss;egrvices, government, social and
personal services and wholesale agtdil trade susectors was largely afét by decreases in

the minng andquarryingsuss ect or . The percentage of

Randf

the formal sector deeased from 88.2 to 85.7%@ver the same period. In Westonaria and
Merafong City, the miningand quarrying subsector dominated the economy and provided
the largest share of employment. The decline of thessglor therefore resulted in a reduction
in employment levels in both local municipalities from 2003 to 2012. This has probably

influenced the small declines in the percentage of the workers emplotfeiformal sector
in both regions.

UNEMPLOYMENT

The high unemployment rate remains a key challenge for South Africa. At the local
municipality level, the Expanded Public Works Programme (EPWP) continues to form part
of the initiative to provide shoterm employment opportunities and thus to lessen
unemployment. In the years leading up to the global recession, progress was being made in
lowering the unemployment rate. However, the recession eroded most of the jobs gains from
the preceding years of econigngrowth. Although there has been some recent recovery in

employment levels, many local municipalities have yet to return toggession levels.

Merafong City

Westonaria

| ] ] | | |
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Source: IHS Global Insight, 2013
Figure4: Percentage of people living in poverty in the West Rand 2003 & 2012

Figure 4 aboveshows the percentage of people livingpimverty in the West Rand and its

local municipalities in 2003 and 2012. The percentage of those livpayierty has declined
over the review period for the West Rand and all ofiatsal municipalites. At 40.7%
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Merafong City was the local municipality with the largest percentage of people living in
poverty in 2003. By 2012,His had declined to 23.5%n Mogale City, the share of people
living in poverty was 37.1%n 2003. Despite falling by 11 ps¥ntage points, it remained the
municipality with the largest share of its people livingpoverty in 2012, at 26.1%The
smallest proportion was Randfontein, at 34.6% in 2003 and 23.8/2012.

Total

Merafong City

Westonaria

Randfontein

Mogale City

0.55 0.56 0.57 0.58 0.59 0.60 0.61 0.62 0.63 0.64

82012 »2003

Source: IHS Global Insight, 2013
Figure 5: Gini coefficient in the West Rand 2003 & 2012

Figure5 shows the Gini coefficient for the West Rand and its component local municipalities
in 2003 and 2012. The West Rand had a relatively low Gini, at 0.62 in 2003 and 0.61 in 2012.
The highest level of ineqliey was in Mogale City, with a Gini of 0.63 in 2003; this had
declined to 0.62 by 2012. Westonaria had a Gini coefficient of approximately 0.60 in 2003,
the lowest amongst the West Rand local municipalities. Its Gini coefficient had decreased to
0.58 by D12.

Thefindings of Elize van Eeden, Professor in History at the North West Universitiwsi

Khaba, Political Analyst and Lecturer, of the Monash University in South Afriterms of

theirrecent treatise, titted Po | i t i ci si ng &uthAfvca:A&efleceohonther vy i n
History, Reality and Fiction of Bekkersdal, 192015 have relevancy to the project since it

provide an insight into the political and social conditions of settlements within the West Rand.

N UMBER OF JOBS TO BE CREATED

The communitieso benefit most from theehabilitation project will be theesidents of
informal settlements in close proximity to the Tweelopiespruit. These settlements will
includeinformal setlements in the districts of RandfonteMogale City LocadMunicipality
and Westonaria. These settlements are densely populated.



The project will be in the position to supply jobs for 100 persons to rehabilitate the
Tweelopiespruit, the receptor dams avetlandsover a period of a year.

The possibility exists to expand this project to other mine contamineggandsand rivers
within the West Randold fields such as:

RIVER STATE OF THE RIVER | COMMUNITY
The Leeuspruit and its | The Leeuspruit flows 1 Emerging Farmers
associateavetlandsand | downstream from Gold within
receptor dams Fields’ Sout Jachtfontein/Kalbas
and Sibanye fontein
Ezulweni Mine. 1 Thusanang
1 Poortjie
The two mines (South 1 Simunye
Deep and Ezulwa 1 Bekkersdal
Mines) had been f Westonaria

historically responsible fo
discharging suistandard
water into the Leeuspruit;
“substandard me an
not in compliancevith the
SA Water Quality
Guidelines for Domestic
use (DWAF 1996)

Studies were
commissioned by South
Deep Mine in 2009 and
2015. These studies hav
clearly showrthe
contamination of this
stream thewetlandsand
the receptor dams
resulting in the bild-up of
large amounts of
potentially harmful
sediment in the
Leeuspruit!”.

The Wonderfonteinspruit| The eastern catchment of 1 Kagisoand Informal

Catchment Area the MooiRiver, also Settlements such as
known as the Tudor Shaft Informal
Wonderforteinspruit, has Settlement, Bull Brand,
been identifiedn a Soul City, Baghdad

"7 Krige W.G. The Impact of the South Deep Gold Mine on the Water Quality in the Borehole of Portion 48 of
Kalbasfontein 365 1Q. 2009.
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number of studies as the 1 Khutsong
site of sgnificant
radioactive and other
pollution, generally
attributed tahe mining
and processing of
uraniferous golares in
the ared®

The abee-mentioned projects can create jobs for an additional 300 peygens period of
a year

8Wade, P., Winde, F., Coetzee, H. (2004): Risk assessment. In: Coetzee, H (compiler): An assessment of
sources, pathways, mechanisms and risks of current and potential future pollution of water and sediments in

gold-mining areas of th@/onderfonteinspruit catchment. WRC Report No 1214/1/06, ppl6b9
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5. GLOSSARY OF TERMS

Acid Mine Drainage (AMD)

AMD is caused when water flows over or through sulfaaring materials forming solutions

of net acidity. AMD comes mainly from abandorgald andcoal mines and currently active

gold and coamining.

Gold mining in the East, Central and West Rand undargtomining basins of the
Witwatersrand goldfields (hereafter referred to as the Eastern, Central and VBester)

started in the late 18809nderground mining on the Witwatersrand essentiallyenkas2010.

While the mines were operating, they pumpeagter to the surface to dewater their mine
workings, but since mining stopped the underground voids that were left after the mining have
been steadily filling with water. The water in the mine voids interacts with the exposed
sulphide bearing minerals the rock formations to form AMD, also known internationally as

Acid Rock Drainage (ARD). AMBwateris characterised by a lopH —i.e. too acidic- and

an excessive concentration of dissolved metals dptiastie salts.

The Report to the Intdvlinisterial Committee on Acid Mine Drainage (December 2010) titled

AMi ne Water Manage meGddFields with ISgecialEntphvasistor Acglr a n d
MineDrainagé descri bed t he bMRhagbeen repoded mosnumbzet | o ws :
of areas witin South Africa, including the Witwatersrarggold Fields, Mpumalanga and
KwaZuluNat a | Coal Fields and the OO6Kiep Copper
Eastern Basis are identified as priority areas required immediate actiaaube®f the lack of
adequate measures to manage and control the problems related to AMD, the urgency of
implementing intervention measures before problems become more critical and their proximity

to densely populated areas.

AThe cessati on newWwateruerthaiondeads dontlte mme voids becoming
flooded. This phenomenon was highlighted in September 2002, when acidic mine water started
flowing from an abandoned shaft in the Mogale City/Randfontein area of the WBatm

as a result of the flading of the mines in thizasinto a level where water could flow out onto

the surface. This surface flow or decant of mine water is of concerneatlienmentas the

water, in accordance with welinown and researched chemical and geochemical reactions
between the mine rock strata, wastes and oxygen, readily becomes acidic, characterised by
elevated concentrations of salts, heavy metals and radionutlides.

Assssment
The start of collecting, organising, analysing, interpreting and communicating information that
is relevant to decisiemaking.

Basic Assessment

A basic assessment needs less information and is done as one single project, but still contains
all the steps of a full assessment. The main difference is that only one report is submitted to the
authorities for approval.

It is used for less complicated EIAs. A full environmental assessment is required for the more
complex projects and involves more iraetions with the stakeholders and the authorities. It
often involves one or more specialist studies.

Basin

The geological ternfbasiri refers to an arewheresedimentssoil androcksare addedo
a land mass. The Witwatersran@asin is a good example of thisthe case of gold
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Best PracticableEnvironmental Option
Theoption that provides the most benefit or causes the least damagestwittomment as a
whole, at a cost acceptable to society, in the long term as well as in the short term.

Bioaccumulation

Bioaccumulation refers to the accumtibn of metals and chemicals in plants and animals.
Bioaccumulation occurs when an organism absorlpoasibly toxic substance at a rate faster
than that at which the substance is lost by catabolism and excretion.

Biodiversity

Variety of different pecies (species diversity), genetic variability among individuals within
each species (genetic diversity), varietyeobsysters (ecological diversity), and functions
such as energy flow and matter cycling needed for the survival of species and biological
communities (functional diversity).

Climate Change

Climate refers to the physical properties of the troposphehe lowest portion of Earth's
atmospherebased on an analysis of its weather records over a long period (at least 30 years).
The two main factors determining an area’s
seasonal variations and the average amount and distribution of precipitatenwater
released from clouds in the form of rain, freezing rain, sleet, snow, or hail

Climate Changeccurs largely as a result of the combustion of fossil fuels, emissions from
agriculture and pastoralism, and lamse changes that accompany the destncclearance

and burning of forests. Climate change already has observable ecological and social effects,
and its projected impacts could potentially result in profound changes in global mean surface
temperature (periods of unusually warmer weatherjse in sea level, ocean circulation,
precipitation patterns (heavy precipitation events), climatic zones, species distributions
(changes in plant and animal distribution and population)emodystemfunction, melting
glaciers polar warming, corateefbleaching, longer droughts and dry periods, and increased
environmental degradationand natural disasters.

Closure

A whole of mine life process that typically culminates in the issue of a closure certificate in
terms of Section 43 of thdineral andPetroleum Resources Development AdPRDA). It
includes decommissioning anehabilitation .

Desalination
Purification of salt water or acid mine water by the removal of dissolved salts.

Ecosystem
One or more communities of different species interacting with one another and with the
chemical and physical factors making up their-ieimg environment.

Ecosystem 6servicesbd

A concept for the characterisation and/or valuation of ecosystems accartheguitility

derived from them by people, in terms of services such as the-el@dmsing functions of
wetlands, the pollination provided by insects or the maintenance of biodiversity and tourism
potential of protected natural areas.
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Environment

Defined in Section 1 of the MPRDA as meaning the environmedéefased in theNational
Environmental Management Act, 1998 (Ac1df 1998), which characterises #gmvironment

as follows:

AEnvironment 6 means the surr othabatemadesipoi t hi n
(i) The land, water and atmosphere of the earth;

(i) Micro-organisms, plant and animal life;

(iif) Any part or combination of (i) and (ii) and the interrelationships among and between them;
and

(iv) The physical, chemical, aesthesiod cultural properties and conditions of the foregoing
that influence human health and wb#ing’

Environmental Management Programme

A legal document cdpring the current state of timeine, mine progress as to the agreed state

and the interim arregements made during the coussé each year of t he mi
contemplated in Section 39 of the MPRDA.

External cost

Costs associated with the production of goods or services that are not accounted for in
commercial production chaingenerally referring to negative social, environmental and/or
economic impacts, such as the costs of health care required as a result of air pollution; the
term is used generically to refer to consequences or costs that are not included in the market
price of goods, but also more specifically as a way of quantifying social and environmental
impacts in monetary terms such that addressing the impacts may be taken up through market
mechanisms.

Financial Provision

Section 1 of the MPRDA defines financial preion as meaning the insuranbank guarantee,
trust fund or cash that applicants for or holdera oight or permit must provide terms of

sections 41 and 89 guaranteeing the availability fcgent funds to undertake thagreed

work programmes antb rehabilitate the proggting, mining, reconnaissanaploration or

production areas, as the case may be.

Global Warming

A gradual i ncrease in the overall temperatur
the greenhouse effect caused bycréased levels of carbon dioxide, CFCs
(chlorofluorocarbons) and other pollutants. Anthropogenic changes in the earth system
contribute to global warming such as the modification of landscapes, the modification of
ecosysters (destruction ofwetlands especially peatlands), industrialisation, energy
production and agriculture et@lobal warming is the principle cause of climate change.

Gold field
A geologcally distinct area / unit whegold occurs.

Integrated waste management
Variety of strategs for both waste reduction and waste management designed to deal with the
solid wastes produced by the mining industry.

(lonizing) radiation
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Fastmoving alpha or beta particles of highergy radiation (gamma rays) emitted by
radioisotopes. They have argh energy to dislodge one or more electrons from the atoms
they hit, thereby forming charged ions in tissue that can react with and damage living tissue.

Interested and affected party
In relation to the assessment of environmental impacts of listethted activities, it includes:
a) Any person, group of persons or organisation interested in or affected by such operation
or activity; and
b) Any organ of state that may have jurisdiction over any aspect of the operation or
activity.

Metasediment

In geology,metasediment is sediment or sedimentary rock that appears to have been altered by
metamorphism. The overall composition of a metasediment can be used to identify the original
sedimentary rock, even where they have been subject tghagle metamorphism dmntense
deformation.

Mine Residue Deposit

Mine Residue Deposits are defined as residual material from mining and associated
beneficiation operations. The residual material is commonly managed by deposition on surface
or by disposal in mine workings eaated below the natural surface of the land. In both cases,
the residual material constitutes a potential source of pollution by eithefbwme or water

borne migration of contaminants.

Ore

Part of a metayielding material that can be econigally extracted from a mineral; typically
containing two parts: the ore mineral, which contains the desired metal, and waste mineral
material.

pH

pH (potential of hydrogen) is a scale of acidity from 0 to 14. It tells how acidic or alkaline a
substancés. More acidic solutions, havewer pH. More alkaline solutions, have higher pH.
Substances that aren't acidic or alkaline (that is, neutral solutions) usually have a pH of 7.

PostClosure

Postclosure defines the point at which decommissig activiies have ceased amubst
closure management activities have commenced. Thadlysignifies that there is notention
to mine or process minerals at the site in the foreseeable future.

Precipitate

“Precipitate” is def i metalk)t@abe depositectimsolisl ®rmfran s u b s
a solution

Reclamation

Means in the context of this booklet, thennéing or recovery of metals from mine residue

gold tailings storage facilities.

Regimal Tailings Storage Facility (RTSF)
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RTSF is thecentralization of waste (management by integration) from a number of mines
within a region and the consolidation of contaminated sites. The residues are then deposited
on a single large dump, commonly referred to as a super dump.

Rehabilitation

The termused for the intervening actions (including engineering interventions) which aim to
improve the land area or river with the intention of either reinstating the orgpoal/stem
processes or structures (restore), or facilitating the use of the conthisnad area or river
ecosystento an agreed upon new system (remediate).

Remediation
The term used to describe the improvement of contasdnand areas or degraded river,
ecosysters to a situation whera new sequential land use or rivecosystemhas been
established.

Resource Water Quality Objectives

They are defined as numeric or descriptivwstieam (or iraquifer) water quality objectives
typically set at a finer resolutiofspatial or temporal) than Resource Quality Objectiees
provide geater detail upon which to base the management of water quality of the resource

Restoration

The term used to describe the improvement of a contaminated land area or degraded river
ecosystento its original or natural state or use, where all aspects Ieee returned to the
pre-disturbance level of structure and functioning.

Sludge
Gooey or jelly like mixture of toxic chemicals, and settled solids (metals) removed from acid
mine water at a treatment plant.

Social and Labour Plan
As contemplated ifiRegulation 40 and 46f the MPRDA, a plan to ensuthat mine right
holders contribute to the soeswonomic development of the areas in which tingye.

Tailings
Rock and other waste materials removed as impurities when waste mineral material iscseparate
from the metal in an ore.

Tailings Storage Facility (TSF)

Dams or dumps created from tailings or slimése embankments and impoundments are
referred to as tailings storage facilities.
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