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A STRATEGY FOR THE MANAGEMENT OF ACID MINE DRAINAGE FROM
GOLD MINES IN GAUTENG

1. Executive Summary
Mining has played an important role in the develepmof South Africa. Now,

decades after many of the South African gold minage been abandoned and several
others are reaching the end stage of productititgre has been a focus on the
development of new mine closure strategies anatygjuidelines. For these frameworks
to be consistent with international standards (II2D02; Clark and Clark, 1999) and the
Constitution of the Republic of South Africa (RSE996), mines must minimize long-term
environmental, social, and financial liability; ems safety around former mine sites;
maintain geotechnical stability; promote cost dffer and timely closure; assure

sustainability; and attain regulatory complianceravme.

One aspect of mine closure pertains to mine wataragement, which addresses
the large quantities of mine polluted water reféieas acid mine drainage (AMD) or acid
rock drainage (ARD). There is a wide acceptaneg &MD is the largest liability the
mines face since it is responsible for the mostlganvironmental impacts caused by
mining and is therefore the industry’s greateshmézal challenge (Boocock: 2, 2002;
Mitchell, 2000; USEPA, 1994). It has also been ssggd that AMD and mine closure in
general are tremendous liabilities for the govemingnce failure to adequately address
these issues can result in a loss of confidencthengovernment (Adleet al., 2007,
Turton, 2006).

At present, there is an emphasis placed on thalidbd ongoing operations to
address AMD by government, private industry, andlipiadvocacy groups. While South
Africa has made monumental progress in shiftingcgoframeworks to address mine
closure and mine water management, and the minihgsiry has changed their practices
to conform to new regulations, there remain vulb#itées in the current system. To allow

recent technological innovation and the existingpoizational frameworks to be harnessed
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to prevent environmental and socio-economic degi@uait is important for existing

weaknesses to be analyzed to lead to policy recomati®ns.

Based on a thorough literature review and discassiwith South African
governmental officials, mining representatives, atiter stakeholders, this report has been
developed as a review of AMD as well as the curtechnologies and policy frameworks
in place to prevent, predict, and treat AMD. Farthore, these are evaluated from a
policy standpoint to identify ways to make the eutrpolitical climate more conducive to
utilization of new technologies within the conteftconstitutional imperatives stipulating
the need for job creation and sustainable develapmplanning. Special attention is paid
to the province of Gauteng, which contains the miokthe Witwatersrand Basin, and is
the most important region of South Africa in terafghe value of minerals produced and
its ability to draw foreign direct investment (FDIMany of these gold mines are
approaching closure and are, in compliance with legislation, looking into methods to
treat and prevent AMD.

Two broad classes of problems have been identiiredhe existing policy
frameworks used to address AMD. Firstly, the dafiegm of powers between various
government departments at the national, provineiai municipal levels is unclear. This
problem is exaggerated by the fact that governndepiartments lack the manpower to
make frequent site visits to mines and surrounairegas to verify compliance with these
guidelines. Secondly, the existing frameworks pl#ee government in the position of
having to be reactive rather than proactive. T&isvident in the pricing structures and
enforcement mechanisms used to discourage pollutsamg the polluter pays principal
(PPP), as well as the legal framework which ouslimequirements for environmental
impact assessments (EIAS).

If the government is not able to manage public @afon in addressing these
issues and working towards economically viable esses, there will be dramatic
consequences. To make it more favourable for theingiindustry to consider the
utilization of new technologies for water treatmegavernment departments need to retain
their employees and frameworks need to be made proextive. Consideration can also
be given to changing the pricing structure outliredthe PPP, modifying the way in

10
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which EIAs are conducted and used, and establisiemgpolicies and financial incentives

to aid in making new water treatment facilities meustainable over the long-term.

11
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2. Aims

This report presents progress that has taken fiageOctober 2006 to February 2007
in the form of a contract between the Council fore$tific and Industrial Research (CSIR)
and the Thuthuka Group (Pty) Ltd. Work in this do&nt meets the specifications
outlined in the project terms of reference undeask 5.” Accordingly, progress has been
made on the following five tasks to contribute @ teventual establishment of a water

treatment plant at the Greenside Colliery and NamaaBands:

1) Utilization of available resources including keyygrs in the field, primary policy

documents, and other written work to:

a. gain a better understanding of current legislatoth regard to AMD in

Gauteng
b. identify specific interests and perspectives

2) ldentify social, health, economic, and politicalkriassociated with AMD pollution

loads;
3) Identify available technologies used to predicgvant, contain, and treat AMD;

4) ldentify current problems in existing policy framesks that may prevent

utilization of the latest technologies;

5) Develop policy recommendations about how to procedd regard to AMD to
ensure that the process is fully accountable toSimgth African Constitution and

progressive democratic ideals.

12
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3. An Overview of Acid Mine Drainage

3.1 What is AMD?

AMD is highly acidic water, usually containing higtoncentrations of metal,
sulphides, and salts as a consequence of minimgtgactThere are five major sources of
AMD, which include, but are not limited to, draiagrom under-ground mine shatfts,
runoff and discharge from open pits, mine waste gijntailings and ore stockpiles
(Mitchell, 2000: 119; Boocock, 2002: 1). Althoutie chemistry of AMD generation is
straightforward and typically involves the oxidatiand subsequent leaching of pyrite or

its dimorph marcasite (Fgf or pyrrhotite (Fe$y), the final product is a function of the

geology of the mining region, presence of microamigms, temperature and also of the
availability of water and oxygen (Mitchell, 20001L2USEPA, 1994:6). These factors
though, are highly variable from one region to aeot(for chemical reactions see Figure
A2). For this reason, the prediction, preventiamtainment, and treatment of AMD must

be considered carefully and with great specificity.

Although AMD is one of the most challenging enwineental and technical
problems for the mining industry, it must be notkdt this, along with other aspects of
mine water management, is just one component that be considered in the context of
mine closure, and the consequences associatedAMih can be prevented only if they

are approached within the context of a comprehensive closure strategy.

3.2 A Brief History

AMD it is not a new phenomenon. One of the oldEstumented mining regions
in the world, the Rio Tinto region in Spain, hadipems associated with AMD beginning
over 2000 years ago (Balkau and Parsons,1999; B&p2002: 2). In fact, it is said that
its name, which means “Red River” was actually tifrom the fact that the water was
red as a result of iron-rich mine waste that wastthrged (Mitchell, 2000:118). Since
then, there have been thousands of documented c©hs@8/D and it is becoming

increasingly visible as more mines approach cloaooeind the world. It is projected that

13
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over 25 major mines are expected to close in tiweldping world over the next decade,
several of which are in South Africa (Limpitlaw,@01; World Bank, 2002).

3.3 AMD in South Africa

Following the discovery of diamonds and gold in ®eun Africa and the
subsequent development of platinum, chromium, maesm, vanadium, iron ore, and coal
reserves, the country was transformed from a vwelgtiunderdeveloped region to a fairly
modernized nation with widespread infrastructured aan increasingly diversified
economy. As of 1999, mining directly contributed &pproximately 6.5% of GDP and
33.5% of total export revenues (Viljoen and Reimdl99). To increase profits through

the removal of minerals that would otherwise rentained deep within the Earth’s crust,

elaborate pumping systems were employed in thenhey of the i) century to remove
water from mine shafts, a process which has bedaoroen as mine dewatering. Although
this method was successful, there were also mamyaimaded consequences, which include
but are not limited to the modification of the watable, the creation of sinkholes, and
elevated levels of aquatic, air, and soil pollut{@aler et al.,2007; IIED, 2002).

After some mines were decommissioned several decagie, the pumping at the
mine subsided, allowing water to fill the mine ghafThis time though, the water and
sulphides within the shaft were exposed to oxygemwinditions, causing it to become
highly acidic. At the beginning of 2002, AMD caneethe public’s attention when water
started to decant onto the surface near Krugersatothe property of Harmony Gold Mine
(Pty) Ltd (Fourie, 2005). Since the mine pollutedter was spilling out in such close
proximity to the Sterkfontein Caves and the neambjure reserves, and since there are
such strong sentiments about the relationship @twine mining industry and the
government, AMD became a very visible and highljitpal issue within the country.
People knew Krugersdorp was not unique and than,stieey could expect similar

outcomes in other mining towns.

In response, the South African government has begang an effort, through the
establishment of new legislation, to better enfoesésting laws and to generate new

legislation which would better predict, prevent,damprepare for such disastrous

14
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consequences (DME, 2002; IIED, 2002). This willfbeher discussed in the legislation

section. Although the new legislation is much imy@a, it has not been able to reverse the

cumulative effects of AMD that have been felt osewveral decades. There have been
numerous other incidents that have grasped pubintion. These include, but are not
limited to, sales of mine waste sites (Tempelh2€Q7), relocations of entire townships
(Sapa, 2004), and the environmental damage cauys#éiédml tailings dump at Namakwa
Sands (Herbst, 2007).

Although many mines and the South African Governnteave been depicted as
being negligent because of the damages caused bip Akd other water related
consequences of mine closure, there have been nesrtahsteps forward in utilizing new
technologies to treat AMD in large-scale treatmagants. Approximately 15 years after
Anglo Coal recognized serious AMD problems at timeiwer facilities in Witbank, a state
of the art water treatment plant is close to beiogpleted (Gunther, 2007; Gunthedral,
2006). With the ability to treat 20 mega litrespaflluted water a day with greater than
97% efficiency, the plant not only is a benefitth®@ environment and to the community
through the supply of clean water and jobs, balsb is able to make a significant profit
(Guntheret al, 2006). Although this was an Anglo investment,esalvother coal mining
companies like BHP Billiton that are buying inteetplant are being able to treat their
waste there as well (Gilinther, 2007). Plans fomegjn are on the horizon. In this sense,
South African coal mining companies are servingvadd leaders. There is, however, no
reason that a similar plant could not be built outh African gold mining regions using
targeted technologies. Plans for the building @hsa water treatment facility for Harmony

Gold Mines are underway.

3.4 Risks Associated with AMD Pollution Loads inuflo Africa’s Gold Mines

There are many risks associated with AMD pollulimads. The recent decant near
Krugersdorp and other similar incidents, howevenplkeasize that it is challenging to
differentiate between consequences unique to AMD thiose that are more generally
related to mine closure. Although South African enclosure policies are becoming more

comprehensive, the ability of existing plans toverg and address AMD are limited, in

15
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many respects, by the enforcement of policies @ plast. If proper mine closure

frameworks were enforced during the entire lifetioi¢he mines in South Africa, the risks
of AMD would have been drastically reduced at pnédsecause preventative measures
would have been in place. Since the majority of Alg&neration at South African gold
mines takes place deep below the Earth’s surfadenas been neglected for decades, the
severity of impacts and the costs of AMD remedratwe much greater than they would
have been if preventative measures had been takadviance (Warhurst and Norhona:
15). For the most part, risks associated with AVdENh e divided into four categories,
namely: (1) environmental (2) socio-economic (3)itpal and (4) financial. These are
discussed below.

3.2.1 Environmental Impacts of AMD

The environmental impacts of AMD are numerous. bidly is AMD associated
with surface and groundwater pollution, but it isocaresponsible for harming aquatic
sediments and fauna, degrading soil quality, atmvalg heavy metals to seep into the
environment. The costs of the environmental damageever, extend beyond having to
pay for clean-up of contaminated areas. In mastairces, affected areas take decades to
restore themselves to their natural state, andyst®as in surrounding areas that are
dependant on their surroundings may be drastigapacted in the short and long-terms.
Because of the different chemistry above and beajoound, the environmental impacts
associated with AMD vary based on its location. cdrdingly, environmental risks
associated with AMD will be discussed in two dif#at categories, namely:
(1) under-ground features and (2) above-groundifeat(Pulle€t al.,2005: 5.14).

For the most part, the environmental risk assediatith AMD under-ground is
related to decreased water quality and the reguljiound instability. As groundwater
becomes highly acidic, many of the geochemical ggses including chemical weathering
become more severe. For example, once oxidatiguyrite and other sulphides becomes
prevalent and the pH decreases, the dolomitic fag&r through which mine shafts are
sunk may begin to dissolve more rapidly. This pes; along with the dewatering of the

mine shafts, contributes to the formation of simkels. This is a long-term risk that poses

16
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serious safety and land use concerns. Additiontidly acidification of groundwater is also

dangerous since many people and animals rely amdwater supplies for their survival.
Because the geohydrology is variable from one regpoanother, and because the flow of
water under-ground is not completely understood,DAM under-ground workings must
be considered to pose serious environmental riskshrown otherwise by way of suitable

guantitative geohydrological assessments.

The environmental risks associated with AMD abox@igd relate to the health of
ecosystems through the degradation of water québilpwing mine decant onto the
surface; illegal dumping of AMD into rivers, stresrand other surface water systems; or
through seepage into the environment around impipgealed waste management sites
(Pulles et al., 2005: 5.15). The influx of foreign substancesoirthe environment,
including highly acidic water, nitrates, sulphidasd heavy metals like arsenic, cadmium,
copper, silver, and zinc, in this manner has aceddmpact on entire ecosystems through
not only the destruction of aquatic and terresseadiments and fauna, but also through the
creation of new niches that support acidophiliccggethat are able to survive in the new
environments (USEPA, 1994:1). These changes, imyroases, can take many years and
even millennia to be corrected and have drasticediguced ecosystem biodiversity
(Limpitlaw, 2004: 2). The seepage of heavy meiatis the soil as a result of AMD and
the use of mine polluted water for the irrigatiohcoops has secondary effects on soil
quality, even in areas that are far removed fromade cites. Since heavy metals can
inhibit photosynthesis, there can be dramatic chang the growth and survivability of

native species (Regis and Emelina, 2006).

3.2.2 Socio-economic Impacts of AMD

Access to clean water is universally accepted ta peecondition for economic and
social development (Molden and Merrey, 2002; Gilbetr al, 1997), therefore, it is
unsurprising that AMD is accompanied by socio-eenitoconsequences. Socio-economic
consequences of AMD can be divided into a numbesatégories; however, for ease of

explanation, they will be discussed here in thetednof human health, employment,

17
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productivity, and cultural impacts. At some levebwever, these divisions are of limited

meaning since legitimate arguments can be madeotw kow each of these categories are

directly related to one another.

3.2.2.1 Human Health

AMD has been linked with numerous health-relatedsequences. In many cases,
groundwater may be contaminated by AMD, and consuwithout individuals being able
to detect pollutants. By the time the effects aealized, treatment is often ineffective.
Although very few epidemiological and toxicologicstldies have been conducted in the
Gauteng region, the levels of various contaminamtse water have been measured to
determine relative risk to individuals living ingbe areas based on reported trends in other
areas. Because AMD is so highly acidic, metaltuting arsenic, manganese, aluminium,
iron, nickel, zinc, cobalt, copper, and radium b&come dissolved in the water (USEPA,
1994; Warhurst and Noronha, 2000). The toxicitthe&vy metal consumption is highly
variable depending on the metal consumed and orotite of exposure. If polluted water
or agricultural products grown by using pollutedteveare consumed over the long-term,
there are measurable consequences, including aadecin cognitive function, increased
rates of cancer, and appearance of skin lesionkaffAs2004; Bellingeet al., 1992).
Exposure to relatively small amounts of heavy nsetald other industrial chemicals by
pregnant women has also been shown to have dran@tgequences on the developing
foetus. These impacts range in severity dependinthe length of exposure and on the
stage of foetal development, but typically affeeural development and result in severe
mental retardation and/or consequences associatbdsacial development (Grandjean
and Murata, 2007; Grandjean and Landrigan, 2008inBer et al, 1987) According to
recent studies conducted by the South African CibdmcGeosciences (CGS), acid mine
water in some areas also contains high levelsdbaativity. In some cases, there may be
as much as 16 mg of uranium per litre, which exseeeé World Health Organisation’s
limits by a factor of 1,000 and has been shownpidemiological studies to cause similar
health related consequences (Coettes., 2005, 2006). Additionally, high concentrations
above 600 mg of sulphate per litre can cause vogidnd diarrhoea (USEPA, 1999).

18
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The high concentrations of metals, sulphides, atimérosalts in water can also

cause water to become obviously polluted. For gtentigh concentrations of sulphides
in water cause the water to taste extremely bdted salty and high levels of certain
minerals in the water can cause the water to chaalgair. For example, iron oxides will
cause the water to turn red (Mitchell, 2000: 118)these cases, people will stop drinking
that water; however, this can also result in deatydn or in the sacrifice of water used for
hygiene and sanitation practices. This can alad te relocation, which will be discussed
below.

3.2.2.2 Employment and Productivity

Since the mining industry plays a tremendous rolesupplying income and
employment to individuals in surrounding commurstieAMD and mine closure has
serious consequences (Warhurst and Norhona, 2088@s<en, 2006: 21). In mining towns,
mining becomes the way of life and is able to iasgethe population, spurring growth and
opportunity through the support auxiliary busindgssllowing closure, these employment
opportunities disappear, and the community strigggle survive. Unemployment
skyrockets, and those who once subsided on agrieudire no longer able to farm because
the water quality and water availability is oftesngpromised. Because much of the water
is polluted, it becomes difficult to maintain litesk or produce agricultural goods.
Additionally, the degradation of soil quality thaiay occur as a result of AMD makes it
more difficult to grow certain crops and limits delle land (Warhurst and Noronha,
2000: 81-99).

The health consequences associated with AMD algsecproblems. The illnesses
caused by the consumption of mine-polluted water acause chronic illness which limits
the productivity of individuals within these areaslso, because the water can have sizable
impacts on future generations if consumed durirgpancy, the impacts of AMD are long
lasting. Even in cases where families move awamfthe affected areas, the impacts will

remain when the new generation is unable to perfeitimn a work setting.
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3.2.2.3 Socio-Cultural

AMD’s impact on health as well as unemployment probluctivity can also have
impacts on the culture of many of these former ngrtowns. As economic opportunities
become scarcer, there is a great potential fomarease in social pathologies which is
expressed in the form of alcohol abuse, crime, absm, theft, sexual promiscuity, as well
as an increase in HIV/AIDS. Additionally, AMD magause population displacement,
which has an entire class of socio-economic coresemps of its own (Limpitlaw, 2004;
Warhurst and Noronha, 2000; WCD, 2000).

3.2.3 Political Impacts of AMD

The indirect negative publicity associated withatieg AMD is substantial. The
South African Government is still in a process @Em@oming a legacy of poor water
resource management, as a joint result of overegapibn of the environment and a
historical collaborative relationship with the mmgi industry (Adleret al, 2007).
Simultaneously, there are also challenges in baigrtbe need for continued development
and expansion along with the constitutionally maedaand internationally supported
sustainable development goals. Because AMD is augghly politicized issue, the lack of
real and visible action to successfully address AMBues on a timely basis has the
potential to de-legitimize government as well as @ndeavours to achieve sustainable
development (Adleet al.,2007; Turton, 2006). Although there has been Vigitg focus
on the political expenses of AMD and mine closuirés a critical issue that deserves a
great deal of attention. Without confidence in therent government to address these
problems, South Africa could risk its position aleader on the African continent in these

areas and the new legislation will not be takerossly.

3.2.4 Financial Impacts of AMD

One of the most compelling arguments in supportelaborate preventative

measures to prevent AMD is financial. Numerouslisis have been conducted to suggest
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that AMD costs the government, the mining industngl other businesses a great deal of

money over the long-term, both directly and indigec

In a recent report prepared by the Office of thgevising Scientist and the
Australian Centre for Mine Site Rehabilitation Ra®d, an in-depth evaluation of the
anticipated cost of treating AMD was presented.okding to this report, the total costs of
AMD in Australia were expected to reach approxitya®80 million annually with an
estimated cost over $1,000 million over a spanppf@ximately 15 years. This exurbanite
expense is not unique to Australia and similar esps were also reported in Canada, the
United States, and other countries (Mudder and ¢{ari998).

AMD also causes industry to pose a significanbiliy. Because the mines are
interconnected under-ground, there is a large faskmining companies who may be
among the last in operation since “the cumulatiapact resulting from all the mines in a
region could be imposed upon the last mine in d@ggon to cease operations” (Pulkets
al., 2005: ix). This poses a “financial risk which da@come a driver of disinvestment in
the mining industry with a resultant potential losk jobs and associated economic
activity” (Pulleset al.,2005: ix). AMD and other issues associated witheralosure have
also been shown to have an impact on foreign direestment (FDI). According to a
recent study presented at the OECD Global Forurimi@nnational Investment, issues like
AMD have caused sizable decrease in foreign investymover time (Boocock, 2002).
This loss is significant for business interest, botild also have a tremendous impact on

South Africa as a leader on the African continent.

Additionally, the removal of highly acidic waterofn mining locations during
mining operation may cost the mines a great deah@iey since the water in some cases
Is so highly acidic that it can erode the pipelin@e replacement of this infrastructure is
extremely expensive and can also decrease minaigtrady over time (Gunther, 2007).
Also, without proper water treatment facilitiese tbisposal of mine polluted water can

remain a significant cost for an indefinite perafdime.
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4. Technologies for AMD Mitigation

For the past several decades, a great deal ofrcbdleas been under way to develop
methods to predict, prevent, and treat damage assdcwith AMD. At present, the
international community is still searching for thmst efficient methods. In this section,
an overview of prediction, prevention, and treathmaethods is outlined, along with their

various strengths and weaknesses.

4.1 Prediction

Because the geology and hydrology varies so inkgifisen site to site, predicting
the potential for AMD generation is difficult, ctst and of questionable reliability
(USEPA, 1994: 2; Mitchell, 2000:122). There are kuer, several methods currently
being used to predict AMD generation, in isolatmnin combination. Although these
methods are unable to treat AMD in any way, they laelpful in allowing appropriate
officials to vastly improve their economic, techadicand environmental solutions. The
more accurate the prediction method is, the betigulatory authorities are able to assess
plans for closure and waste management plans aeddare that the economic costs of

AMD treatment are fully accounted for.

For the most part, there are two techniques usegréliction of AMD, namely:
(1) tests and (2) mathematical models. For tha datjuired from each of these methods
to be meaningful, however, it is necessary for vitlials involved to have an
understanding of the physical and chemical prosessatributing to AMD formation to
know how to set up predictive tests or models antieéaningfully interpret results.

4.1.1 Tests

There are two classes of tests that can be usadstss risk of AMD generation,
namely: (1) static testing and (2) kinetic testingf these, static tests are conducted more
rapidly and are therefore more cost effective. thermore, the data produced from these

tests are easily analyzed since there are prehssiadth standards used as indicators. On
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the other hand, the kinetic tests are typically enconsistent and reliable once the data is

collected and analyzed over a several month lonigghe

The most common static test used to determine gamération potential is a form
of acid-base accounting which measures the netralization potential (NNP). This
measurement is defined as the ratio of the NP to KRhe ratio is greater than two, the
risk of AMD is relatively low. If the ratio is lssthan one, the risk of AMD is quite high.
If the value is between one and two, the area mwstinue to be monitored to ensure the

neutralizing minerals are not depleted or madeeatore.

The commonly used kinetic tests all operate untier same principal but use
different methods. In each case, the goal is teegge data through laboratory simulation
of the environmental conditions to predict the @tacid formation. For example, column
tests are often used in which natural conditiorss @nstructed and monitored under
similar pH, temperature, metal and salt concemmatiTo be able to make the simulation
conditions as close as possible to the naturalitond, a year may be required for data
collection (Mitchell, 2000).

4.1.2 Mathematical Models

The use of mathematical models to predict long stmatt-term AMD generation,
alone, or in combination with other predictive tecjues, is fairly common. These models
are classified into two categories, namely: (1) ieicgd modelling and (2) geochemical
modelling. The predictive power of the models cedahrough these techniques, however,
are only as strong as the information and assumgption which they are based.
Furthermore, the greater the amount of informatisad to create the models, the more

accurate they become.

Empirical models, as one would expect, are basecpeated observation and are
based on large data sets. Since the equatiortsabelibased on data being collected from a
single location, they are highly specific and caot tve generalized for all cases.

Additionally, the data and observations projectndie however, if the information
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collected is limited in scope, it may be diffictdt differentiate between signal and noise.

For this reason, long-term predictions may not éey veliable using this method.

In contrast, geochemical models, which use in lddgiowledge about chemical
and physical processes leading to AMD formatiotudd systems of equations, may be
applied towards different areas, since they allowniathematical modifications to reflect
characteristics specific to a given region suchpasticle size, mineralogy, sulphide
concentration, flow rate, water available, and ge@riation. Theoretically, geochemical
models can be used to predict trends on the sdadenoonth to several hundred years
(Mitchell, 2000).

4.2 Prevention

Once an area has been identified as being ataigkMD formation, it is necessary
for preventative measures to be taken. These me=asan be classified into two different
categories, namely: (1) reduction of AMD generataord (2) reduction of oxygen and
AMD migration. In a sense, the division betweessthtwo categories is artificial since by
preventing AMD generation, the migration of AMD #@so reduced. Nonetheless, in

practice, these two categories are very differkfitchell, 2000: 125).

4.2.1 Reduction of AMD Generation

AMD is mostly reduced through the exploitation d¢iie biogeochemical
characteristics that lead to its formation. In moases, this occurs through treatment
measures that inhibiting chemical processes byiraurfaces with materials targeted
towards certain outcomes. For example, fatty anoithes are used to coat pyrite making it
hydrophobic and hence unable to react well withdizkng ions. It is, however, unclear if
this mode of treatment prevents micro-organismmffarthering organic processes that
may contribute to AMD formation. Similarly, innateolecules like iron phosphate have
also been used to coat pyrrrhotite and preventabid. Results using these methods have

thus far been promising, but it is unclear if tisign economically viable solution.
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Many compounds have also been used to directly fmale biological activity

that contributes to acidification in AMD sourcedf metabolism can be prevented in
acidophilic bacteria using bactericides and netitmp bacteria using thiol-blocking

agents, the soil and vegetative covers can stabaimd AMD formation can be reduced.
Many of these compounds are commercially avail@lé have been used under highly

acidic and neutral conditions as preventative tneat (Mitchell, 2000).

4.2.2 Reduction of Oxygen and AMD Migration

Engineering solutions play a large part in redgamygenic conditions and AMD
migration by building physical barriers between emndround mine workings, waste
storage facilities, and the outside environmentthdugh many of these methods require
significant investments of time and money, as waB sophisticated technical
understanding of the environment, these methods has continue to be used all over the

world.

By using impermeable barriers to minimize sulphmedation by sealing off
under-ground mine workings from oxygenic conditioiime static water under-ground will
become anoxic within a short period of time as @uwydgs consumed by chemical and
biological reactions under-ground. Additionallypgt, cement, and impermeable slurry
walls can be used to prevent the influx of oxygeméter under-ground. Although these
barrier methods are somewhat successful, they aingehigh cost of construction and
have a high risk involved since the consequencebleirf failure are high. Trenches have
also been built to force contaminated water frondewrground, up to the surface for
treatment (Mitchell, 2000).

4.3 Treatment

Although the proactive measures taken to predict @tduce the formation and
migration of AMD are successful in reducing secaogdeonsequences and allowing
officials to develop appropriate frameworks, AMDncaot be eradicated completely

through these means. For this reason, and becaumsany instances regulatory bodies are
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reactive rather than proactive, treatment ofterobess the primary rather than secondary

response to AMD.

The method chosen to treat AMD must not only be effective, but must also
ensure that effluent standards will be met whiledpicing minimal quantities of waste.
The sophistication and the chemical and physicatis®f the process must be specific to
the chemical characteristics and quantity of the DAk be treated, but also must be
specific to the climate, terrain and projected |dé the mining facilities and water
treatment plant. There are four classes of tre@itnsystems, namely: (1) active;
(2) passive; (3) active passive hybrid; and (4)anhetcovery. For the most part, active
systems that primarily rely on neutralizing reageate more expensive than passive
systems that typically rely on biochemical procesge reduce reagents and neutralize
acidity. Metal recovery systems umbrella all thcagegories and are being developed as

new, innovative water treatment methods for thari{Mitchell, 2000).

4.3.1 Active Processes

Active processes for the treatment of AMD usuallyalve the neutralization of
acids through the addition of lime and other relathemicals including limestone,
hydrated lime, soda ash, caustic soda, or ammadm@atihent document). Treatment of
AMD through liming involves five steps (Mitchell,0R0: 130). After the water to be
treated is collected, the water to be treated ineigtqualized so there is a uniform content.
Secondly, F& must be oxidized to form Eé then the water must be neutralized and
precipitate metals as hydroxides, and then sedatientto separate water from solids
through the use of coagulants. Lastly, the sludgelyced through the treatment process

must be disposed of.

Liming technologies are beneficial since they tgficrequire a limited amount of
space, are reliable and predictable, and are wtaffedby temperature variability. There
are, however, many disadvantages. There is avedlahigh maintenance cost of using
these chemicals to treat water since there are diftéld-ups of calcium carbonate and
carbonate making it difficult for water to be trapsted from one holding tank to another.

Additionally, it is difficult to remove metals frolAMD using this method. Additionally,
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the sludge created through this process tends taheenically unstable and of no

commercial value.

Newer active processes are currently being uset hhse a denser, more
manageable end-product. The high density sludgeegs yields 10-35% solid waste
product and the NTC process can produce as muchO%s solid product. This is

compared to the liming process which yields 2%dsataste (Mitchell, 2000).

4.3.2 Passive Processes

Passive processes for the treatment of AMD have baglied for approximately
30 years. Only fairly recently, within the past yBars, have these systems been
implemented on a full-scale at treatment sites radothe world. The concept behind
passive treatment is to allow the naturally ocagrrchemical and biological reactions that
aid in AMD treatment to occur in the controlled gomment of the treatment system. For
this reason, designing a passive treatment sysimAMD not only requires an
understanding of the mine water chemistry, but alsthe biochemical processes of the

environment to be exploited.

Generally, passive technology involves utilizinghstvucted wetlands and allowing
soil and microbial organisms to remove reduced Imemthe acid mine water through
their natural metabolic processefassive treatment has many advantages over
conventional active treatment systems. The use l@macal addition and energy
consuming treatment processes is virtually elingdatvith passive treatment systems.
Also, the operation and maintenance requiremengasdive systems are considerably less
than active treatment systems. The disadvantagegténds systems are that there are
seasonal variations in the efficiency of water timent, they are most productive in
treating small flows and require large amounts mdce and long periods of time. In
addition, some aspects of using passive processesn@ completely understood.
Research is being conducted to further determime tbodispose of waste associated with
these systems and what the effect of metal-conttetnsubstrates on the local and

regional food chains are (Mitchell, 2000).
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4.3.3 Hybrid System Processes

Hybrid systems utilize biochemical reactions to tredlize AMD acidity and to
remove metals, but also typically involve the u$eyassive systems to complete water
treatment. One example of this involves the uséiofeactors to reduce sulfates and
remove metals at low pH at a low operation coshwitinimal energy consumption
(Neculitaet al., 2007). Another method involves using microbial snatlong with other
active systems. Neither of these methods is wigehcticed and they therefore require
further research to “scale-up” reactions to malarttuseful for treating large quantities of
polluted water (Mitchell, 2000).

4.3.4 Metal Recovery Processes

One of the newer types of AMD involves a combioiatof both active and passive
processes in the effort not only to neutralize AMidt also to recover pure metals and
other compounds involved in the process. Althoughdapital costs associated with these
new technologies are high in comparison to othBveand passive processes, there is the
potential to use a large portion of the waste fgpsut new industry and to profit through
the development of satellite companies. Thus, wagatment facilities that are able to
recover waste products in the form of usable, Bidlaaterial are not only able to treat
water to acceptable standards, but also are alole#be jobs, and spur economic growth in
a sustainable way. Although many of these methoglb@ing used, there are very few that
can be used on the large scale necessary to tusattities produced by the mining
industry. It is therefore important to investigdteese technologies and to continue to
investigate and experiment with these methods lmvathem to become more widely

spread and easy to use (Mitchell, 2000).

An example of a technically sound and cost-effeciolution to the AMD problem
in South Africa is the integrated Limestone Neuedlon Process, which has been
implemented on a full scale with the constructidplants (construction value of ZAR 100
million) having taken place. In addition, the WenstdJtilities Corporation (WUC) was

created as a result of an agreement between tbe glovernment departments (Department
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of Water Affairs and Forestry, Department of Midsrand Energy and Department of

Environmental Affairs and Tourism) and the threenimy houses in the Western Basin
(Harmony Gold Mine, DRD and Mogale Gold) in orderréhabilitate the water source on
the Witwatersrand Basin, and, more specificallyatoept responsibility for resolving the
AMD problem in the area, eliminating or reducingteraingress into mining voids and
implementing a treatment process for AMD at thes@wf contamination (Motaureg al,

in press).

The WUC has in the meantime contracted CSIR, antoogser technology
suppliers, to pilot the limestone/sulphide integdaprocess and to thereby demonstrate the
extent to which it is technically and economicd#gsible. The CSIR integrated process is
designed to achieve neutralization as well as natdlsulphate removal by making use of
the least expensive chemicals in the most costiéfee way (Motaunget al, in press).
Another technology that is being used by the C3Rthie RAD7 instrument, which
measures the concentration of Radon in a particwiater source (either surface or
groundwater) and is linked specifically to explgripotential radionuclide contamination

associated with gold-mining activities (Hobbs, 2008
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5. South African Legislative Framework for addressng AMD

The recognition of a broader context of the impastsociated with AMD and mine
closure greatly expands the scope of governmepbnssbilities to verify that the mining
industry adequately recognizes and prepares focahsequences that are likely to ensue
before, during, and after mining operations and thase plans are carried out to the
satisfaction of all stakeholders (Warhurst and Mogy 2000; Limpitlaw, 2004:2).

Since AMD directly affects the mining industry, teevironment, and surrounding
communities, it is not easily regulated by a singiece of legislation or a single
government agency. Instead, AMD in South Africgisnarily addressed through three
government departments: (1) DME; (2) DWAF; and®AT and several major pieces of
legislation that are primarily enforced at the oadil level. There are, however, scores of
other policies related in one form or another to B\Nhrough their relevance to waste
management, water quality standards, mine closané,environmental protection at the
national, provincial, and municipal levels. Indlsiection, the primary pieces of legislation
will be discussed in detail, an overview of themw®tary pieces of legislation will be given.

5.1 Primary Leqislation

There are four major pieces of legislation that used to regulate AMD in South
Africa, namely: (1) The Constitution of the Repabtif South Africa, 1996 (Act 108 of
1996); (2) the National Water Act, 1998 (Act 361898); (3) the National Environmental
Management Act, 1998 (Act 107 of 1998); (4) the &tals and Petroleum Resources
Development Act, 2002 (Act 28 of 2002). These aseussed below.

5.1.1 The Constitution of the Republic of SoutlicAfr1996 (Act 108 of 1996)

On 4 February 1997, The Constitution of the Repubfi South Africa, 1996 (No.
108 of 1996), was approved by the Constitutionalif€oAs one of the most progressive
government documents in the world, South Africatms&litution is known for the process
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by which it was adopted, as well as for its contedot only does it emphasize key social

justice issues and the necessity for job creathn, it also discusses water resource

management in the context of sustainable developar&hjob creation.

More specifically, the provisions of the Bill of dtits of the Constitution of South
Africa contain three fundamental objectives for aging South Africa’s water resources.
First and foremost, the Constitution stipulateg thare must be equitable access to water
for all. Secondly, it states that water must bedusfficiently and effectively to work
towards sustainable use. Thirdly, the Constitusibpulates that natural resources must be
used to promote justifiable economic and sociaktment (RSA, 1996: Section 24(b)).
Since the Constitution is primary, all other legigln and policy frameworks on water
resource management are firmly embedded in thet@aien of South Africa, and must

be consistent with the aforementioned imperatives.

5.1.2 National Water Act, 1998 (Act 36 of 1998)

The National Water Act, 1998 (Act 26 of 1998),emeéd to as the NWA, is the
principal legal instrument relating to water resimumanagement in South Africa. This act
includes comprehensive provisions for the protectiose, development, conservation,
management, and control of South Africa’s wateoueses and replaces the old notion that
water rights are tied to land ownership. Insteadter is treated as a natural resource
which is to be distributed in an equitable, effitienanner to meet basic needs of the South
African people, with DWAF as the central custodiamaddition, the NWA suggests that
public participation is a key requirement to thstidlbution of water to support sustainable
development and that water user licences are esjuior industry (DWAF, 1998).
Although the NWA is a complete document on its owre National Water Resources
Strategy (NWRS) has been developed to providernadwaork for its implementation. As a
part of the plan, the NWRS outlines plans to deed¢ime responsibility and authority for
water resources over time through the empowermembcal authorities. A number of
other supporting documents have also been estaldli@WAF, 2004).
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Of particular relevance to AMD is the NWA'’s defion of the treatment of

pollution, namely “the direct or indirect alteratiof the physical, chemical or biological
properties of water resource” (DWAF, 1998: Sec 296) and the management practices
for the treatment of waste before it is depositetbdand or allowed to enter a water
resource. Eleven activities requiring authorizatase also defined, many of which have
bearing on mining activities and which relate to BMInd particular attention is paid to the
discharge of mining waste. It is specified thathgesion must be obtained before waste
disposal into the environment, since stockpiles tmithg dumps are a major source of
water pollution emanating from mining activities.dddition, the NWA outlines one of the
most central concepts used to address damage chygddD and other industrial waste,
namely the ‘Polluter Pays Principal’ (PPP) (DWAR98: Sec. 19-20). This legal
philosophy requires that those who are responddslgproducing, permitting, or causing
pollution should be held liable for the clean ugstsoand the costs of legal enforcement
associated with that of pollution (DWAF, 1998; Taet al, 1999).

5.1.3 National Environmental Management Act, 199& (07 of 1998)

The National Environmental Management Act, 1998t (2@7 of 1998), NEMA, is
the most important piece of legislation pertainitg environmental requirements.
Administered by the DEAT, NEMA provides or coop@ratgovernance by establishing
guidelines for decision-making on environmentalterat As the principal frameworks for
environmental issues, NEMA has direct relevancéh&implementation of the National
Waste Management Strategy (NWMS) which designatE& D as the lead agent for
environmental regulation (DEAT, 2005). Of partmulrelevance to mining and the
prevention of AMD is the description of what is végd in Environmental Impact
Assessments (EIAs), and Environmental Managemeargr&ms (EMPs) and the activities
that are required for these studies to be comgiD&EAT, 1998c: Sec. 5). It also provides a
framework for assessing the implications and rigkgarious broad development scenarios
and could, for example, suggest land-use optioatsrésult in better management of river

catchments and rangelands.
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The EIA is defined as “a process that assessesnihect of a planned activity on

the environment — physical, social and economicreviding decision makers with an
indication of the likely consequences of developnations. When it is an integral part of
the planning process, EIA enables potentially negaimpacts to be mitigated (and
positive impacts to be maximised) early in the giestages. Through the EIA process, the
developer can improve the way a project is planmeglemented and, in some cases,
decommissioned” (Tarr, 2003). As of 2004, EIAs wesguired as a statutory pre-requisite
for the development of new mining projects and &sdhe renewal of mining licenses for
existing mines. The overarching goal of EIAs aesluiting EISs and EMPs is to minimize
environmental impact during and after mining operet, along with the associated socio-
economic impacts. Typically compiled by consultanied by industry representatives,
the EIA is done to determine potential environmkimgpacts of the proposed project and
establish an EMP to monitor and mitigate risk dgrwperation and following closure
(Sassoon, 2000). This is done, following the feiéisr assessment and finalization of the
mine plan, as a reaction to the desire to set upcanomically viable business venture.
The EIA is then used as a management tool to infhiengovernmental decision making
process about the initial design and implementadioa mining project. For an EIA to be
approved and the mining license to be acquired, DE&fong with DME and DWAF need
to approved its contents (Herbst, 2007).

5.1.4 Minerals and Petroleum Resources Developient2002 (Act 28 of 2002)

The Minerals and Petroleum Resources Development2802 (Act 28 of 2002)
(MPRDA) which came into effect on 1 May 2004, wastten to replace the Minerals
Development Act of 1991 and represents the Soutitaf Government’s official position
on the acquisition and exploitation of mineral @ses. This piece of legislation is
designed to transform the mining industry to praenetquitable access to mineral
resources, encourage investment in mining exptoratind to promote private enterprise
through small scale mining projects. At the saimmethe plan is geared towards allowing
for socio-economic development and environmentatasomability within the mining

sector. To implement this strategy, a licensingteay was developed that would allow all
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individuals to have equal access to acquire miticgnses and to promote small-scale
mining projects. According to the 2007 MPRDA Amereht Bill (DME, 2007) Section

39, anyone applying for a prospecting right, minipgrmit, reconnaissance permit,

exploration right or the renewal of any of such wwents has to also apply for

environmental authorisation in the prescribed mamast submit a basic assessment
report and a standard environmental management iplasrder to begin prospecting,

exploration and mining activities. Environmentastinability and well-being is thus also
addressed as part of the MPRDA legislation.

More specific to AMD, the Minerals and PetroleunsBarces Development Act of
2002 addresses pollution and waste managementrinl\paof the regulations. The
principles outlined for waste management are ctergisvith international best pralctice
for waste management, but are rather general.angle, it is stated that generation and
production of waste and mine residue should bedmebiwhen possible, or should be
minimized, re-used or recycled. According to tlog, & waste must be disposed of, it
should be done in a “responsible and sustainablenerd It should be noted that the
Minerals and Petroleum Resources Development Aet dmt define mining waste, but
makes reference to “residue deposit” and “residaekpile” in Section 40 and states that
disposal of waste must be taken up with other gowent departments (DWAF and
DEAT). In Section 42, the act discusses more fipaigtails about how residue stockpiles
and deposits are to be managed (Oelofse, 2006; RME).

The Minerals and Petroleum Resources Developmentafso outlines South
African mine closure regulations (DME 2002: Sec$id®8,42; Pullegt al 2005: 2.6). In
these sections, the basic requirements for minguokboare outlined and the cumulative
impacts of mining must be determined and must Isedan the “natural boundaries” of
the resources of concerns. The process of applgngnine closure certificates is also
described. The closure plan included in the EMéhtains a description of closure
objective, a summary of regulatory requirementsnrearies of the environmental risk
report, and results of rehabilitation, and musapproved before the mining company can

be absolved from all liabilities associated with ffost-closure management.
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5.2 Secondary Legislation

For the most part, the secondary legislation irejato AMD has been drafted in
support of the primary legislation. These documemty elaborate on the philosophies and
guidelines set forth in the primary documents aedl evith safety, water conservation and
distribution, or hazardous waste including but wited to radioactivity. One piece of
legislation that is of note is the National Envinoental Management: Waste Management
Bill that is being drafted by DEAT which will reqatle mining waste in accordance with
other previously established standards (DEAT 200DBAT 2000b; DEAT 1998a),
requiring reside dumps and stockpiles to be licéresewaste disposal facilities (Oelofse,
2003; DEAT, 1998c) For more detail, see Oelofs€)620rhe secondary legislation is
particularly valuable since the creation of newlsbé&nd acts that allows for greater
specificity of existing legislation and which allevior existing primary frameworks, like
the NWA, NEMA and MPRD to be made more pro-activéhe future.
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6. Areas for Improvement and Policy Recommendations

The liberalization of investment regions worldwidde growing emphasis on
environmental regulation and sustainable developnae the increasing conditionality of
loans on prior environmental and social impactistichdicate that there is an urgent need
for analysis of current policies to inform decisioraking in industry, donor agencies, and
government among others. While South Africa hadermaonumental progress in shifting
policy frameworks in recent years to address miosuce and mine water management
and the mining industry has changed their practioesonform to these new regulations,
there remain areas for improvement. To allow red¢enhnological innovation and the
existing organizational frameworks to be harnedsedrevent environmental and socio-
economic degradation, it is important for existvgnerabilities to be analysed and for

policy recommendations to be made.

In this section, two areas for improvement will éhecussed within the existing
South African policy framework, namely: (1) coordiion and enforcement of the existing
policies and (2) the reactive nature of existindigges. Following this discussion, key

policy recommendations will be made.

6.1 Coordination and Enforcement within Governnaamd between Government and other

Relevant Actors

Effective management of AMD through the enforcenwdrdpplicable legislation is
dependent on coordination between the various govental departments at the national,
regional, provincial, and municipal levels. Cobaétion between departments is not
always easy. The South African Constitution andeotprimary legislation allocates
certain responsibilities to various institutionspwever, to allow for provincial and
municipal leadership as well as stakeholder involeet, it is often unclear which
government department is responsible for enfor@ngertain aspect and at what level.
Additionally, many government departments lack tienpower to make frequent enough

site visits to mines and surrounding areas to yectdmpliance. In this section, these
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difficulties are highlighted as they relate to emtr mine closure and waste management

strategies.

Since the legislation relating to AMD and the mimtosure strategies is
administered by three government departments, t#ereslaborate coordination schemes
between the three departments that stipulate mofdesoperation. In some cases, as in
the NEMA and the NWRS there are inclusions withe tegislation that instruct how
interdepartmental coordination is to be used. éx@ample, in the application for a mining
license, the EIA and resulting EMP as well as aé@@nd Labour Plan must be submitted
to DEAT; however, prior to approval, DWAF and DMEush review the conditions and
visit the site to verify compliance with their Isiation. To improve efficiency of the
authorisation process and minimise potential conind ambiguity, NEMA provides for
the establishment of Environmental Management Cabjpe Agreements (Oelofse, 2006;
NEMA; DWAF, 1998). A Memorandum of Understanding VM) between the three
government departments, DEAT, DWAF, and DME, hanbesigned to ensure
cooperation and coordination in this regard. Addglly, an interdepartmental committee
called the Government Task Team (GTT), has beablkstied to address mine closure
and water management practices and is composeémbars from all three governmental
departments (DME, 2005; DM&t al.,2005: 4).

Although many believe the conflict between natlpmeiovincial, and municipal
powers with regard to mining have been fully adskeesby the delegation of powers in the
Constitution (Dale, 1997), there remain a few amitigs that need to be addressed.
According to the Constitution, the National Goveamhis empowered to pass legislation
pertaining to the environment, pollution controhdasoil conservation (RSA, 1996:
Section 4). Although DEAT, DME, and DWAF are chatgeith administering policies in
these areas, regional or provincial representativesn these national agencies are
empowered to enforce these policies at a more les@l (RSA, 1996: Section 5). In
terms of mining waste, provincial government argpomsible for establishing a detailed
inventory of all potentially polluting sites withitheir jurisdiction and for developing
hazardous waste management plans to ensure irdultive access to appropriate waste
disposal facilities. The plans should also includeste minimization, recycling and re-use

initiatives for both industrial and mining wastélazardous waste reduction at source and

37



[]
( ;I I E A Strategy for the Management of Acid Mine Drain&gem Goldmines in Gauteng

our future through science

responsible disposal including alternative treatmeptions should feature in the

initiatives. Municipal governments are empoweredetislate on matters listed in Part B
of Schedules 4 and 5 of the Constitution (RSA, 19@ich include control and
management of waste as well as water and sanitatonices. Both provinces and
municipalities are empowered to administer any lagh they have passed. In all cases
though, national government may override provinoramunicipal authorities in instances
in which it becomes necessary to maintain natigegurity, economic unity, essential
national standards, to provide minimum standardsttie rendering of services, or to
prevent unreasonable provincial action which w#l prejudiced or to the interest of
another province or the whole country (Oelofse,&00

The Constitutional allocation of legislative andmadistrative competence has
important consequences for integrated pollutiontrobrand waste management but has
further exacerbated difficulties in integrating lpibn control between national, provincial
and local authorities. By creating concurrent sgive competencies between different
spheres of government, the possibility for contigtlegislation is created. For example,
water quality standards will be imposed at a natiidevel; however, local governments are
responsible for legislation concerning the treathodénwvater and sanitation services. There
is potential for legislative conflict in this sitlian, as well as likelihood that instead of
promoting integration, it will create division. iBhis a result of the seemingd hoc
appearances in sections 4 and 5 of the Constitatiarertain pollution control functions
without, apparently, the whole picture having beadequately considered. The
Constitution however clearly requires that the oesibility for waste management
functions is to be devolved to the lowest possielel of government in accordance with
the right to self-determination (RSA, 1996: Sectit8b; Oelofse, 2006). This problem is
exacerbated by the fact that some government depats are not only understaffed, but
also have alarming turnover rates from year to.ydaor this reason, new representatives
must be hired and informed about the legislatioaytlare charged with enforcing.
Although the learning curve is quite steep, thistdbutes to it that many of the foot
soldiers in charge of regulation lack institutiomaémory and may not fully grasp the

implications of the policies themselves in the eahbf the existing division of labour.
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Much of the confusion over the division of poweetveeen various government

departments and national, provincial, and municgmlernment could be eradicated over
time as various authorities get used to new letslaand better understand their
individual roles in the larger context. Howeveivam the high rate of turnover at the
various government departments and the relativertad® of technically trained
individuals, it is likely that a new course of actiis desired. Consideration can be given to
the establishment of contractually enforceable tdimits for personnel hired under
DWAF, DEAT, and the DME. Another possible solutienthat benefits structures could
be established for government employees that wenddurage individuals to stay longer.
This could include, for example a system of delapeduses, pay raises, better health
coverage, and other enticing opportunities follayia specified period. Another
possibility would be to require all employees a¢ time of departure to record their
experiences working with other departments at varievels to enable future workers to

learn from their experiences.

While the above section refers to problems of coatpen and coordination within
government, such problems also extend to the bra#meain of institutional cooperation,
planning and coordination between institutions timiude but are not limited to the
government level. These institutions include natlogovernment departments, research
councils, municipalities, as well as private sectammsultancies and mining houses
(Cobbing, in press). Other, not necessarily ingtihal, actors are civil society-based
groups, who are actively engaged in and concerbedtahe AMD-related problems in the
West Rand. These include, among others, the PattioRers, the Pelindaba Working
Group and the Public Environmental Arbiters, allwdiom have a vested interest in the

enforcement and upholding of environmental justicthe West Rand area.

One can argue here that one of the major probtetated to the AMD issue in the
West Rand is that of a lack of quality and intaeatbetween each of the so-called “actor
clusters” in Turtonet all's (2007) Trialogue model, made up of the elemeoits
government, society and science (see Figure 1).gbkernment actor-cluster can be sub-
divided into the legislature, executive and judigidhe society actor-cluster is made up of

civil society, the economy and the natural envirenmwithin which these are situated;
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and the science actor-cluster consists of the alagoiences, the social sciences and

tertiary education institutions, which provide huncapital.

Trialogue Model depicting the interfaces betweea gfovernment, society and science

actor clusters (Turtoat al, 2007)

Complex relationships exist within and betweenthiree actor-clusters and these
have to be managed carefully if a sustainable nemagt of mine closure and the
resolution of related mine water pollution probleimshe West Rand is to take place.
What is of particular importance is the qualitytloé two-way interfaces between each of
the three actor-clusters i.e. government, sciendesaciety. Complex problems such as
those related to mine closure and the managemebr require close collaboration and
communication between the different stakeholdeuiestion in order to avoid a situation

where non-cooperation could take place if fellomksholders are seen as rivals rather than
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partners (Cobbing, in press). An example woul@ leck of successful cooperation

between different government departments mandateuddrsee the area, or between
specific government departments and civil sociebugings with a human rights-based
interest in the situation on the West Rand.

A case in point where such cooperation betweerebtadllers will be essential is
the proposed “Toothfairy” Project or “High ConfidenStudy of Children Potentially
Affected by Radionuclide and Heavy Metal ContamoraiArising from the Legacy of
Mine Water Management Practices on the Far Westl RaBouth Africa”. The objective

of the proposed study is:

To determine, with a high level of confidencehdre is any evidence of human
health risk within a population that has had chrmoekposure to heavy metals and
radionuclide contamination in subsets of the gepbra areas that have been
reported in Water Research Commission Report N@5 {®/ade et al., 2002),
Water Research Commission Report No. 1214 (Coetzde 2006), and the
National Nuclear Regulator’s Brenk Report (NNR, 200n order to address
public concern, restore eroding investor confideand form the foundation of

effective public policy interventigiurton, 2008).

Such a study will of course require an extensiwe excellently qualified and
experienced technical steering committee and fesdh, both made up of national and
international scientists, working alongside an eight steering committee concerned with
scrutinising and overseeing the ethical side ofptitogect (Turton, 2008). The Trialogue
Model appears to be a suitable approach for thegsexd project, because it allows for a
wide range of interested and affected parties fitoerdifferent actor-clusters to participate
in the various components of the project. A corexedffort will be made to ensure that
different actors and parties cooperate effectiuelyrder to conduct the study and
communicate the findings to the members of socidty are directly affected by the
AMD-related problems in the West Rand. This willdbdefinite challenge and test to

determine the extent to which the Trialogue Modei effectively be applied in practice.
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6.2 Proactive Versus Reactive Governance

AMD and other problems associated with mine closamed mine water
management are large scale problems that can sibf ba addressed over the short-term.
Instead, policy frameworks need to plan for theufeit using time as an asset not an
impediment. Although many of the current Southi&in policies are geared towards
mitigating risk, many of them create problems bygleeting some of the more long-term
consequences of the problems they aim to solvehisrsection, three major concerns will
be highlighted, each in the context of the needriore proactive governance. First, there
will be a discussion of the Polluter Pays Princi@®®P) followed by a discussion of the
shortfall of the EIA and lastly, a discussion ofssinability of AMD treatment and

prevention.

6.2.1 Polluter Pays Principle

The Polluter Pays Principal (PPP), as outlinedHgy NWA, stipulates that those
who are responsible for producing, permitting, ausing pollution should be held liable
for the clean up costs and the costs of legal eafoent associated with that pollution
(DWAF, 1998: Sec. 19-20; Tavet al 1999). In this sense, the PPP requires thaaayeh
system be put in place so that there is an incertv polluters to decrease the quantity
and to improve the quality of their discharge. tm doing, a penalty scheme must be
established that encourages compliance over tigetesm and allows industry to change
their protocols without being economically crippl@aviv et al., 1999: 3-15). Even if an
appropriate pricing structure is in place, howevbg philosophy is of limited value in
being able to address non point source emissiodscamulative impacts that occur as a
result of mine closure and AMD.

Before a waste charge system can be implemengdequired by the PPP, a
regulatory authority must first identify the pokutor polluters responsible and measure
how much of what pollutant was released into theirenment. If a polluter cannot be
identified and a causal relationship cannot bebdisteed, the PPP becomes unenforceable
and fails to produce desired results. In the a#s@MD, it is extremely difficult to

determine a direct source for pollution. Since AM&n form under different
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circumstances, most of which lead to environmepndélution through non-point sources, it

is nearly impossible to trace the polluter with aepsonable degree of accuracy. For
example, many gold mines are connected under-graallmving water to flow between
one basin and another. In this way, the pollutedewin one company's shaft may

partially belong to another mining company.

Establishing a price structure to account for emnental degradation and the
other impacts caused by AMD is also difficult. #dugh many of the damages associated
with mine waste can be evaluated outright, the datiwve impacts of this damage may not
be noticeable in the short-term. In the case ofDANhany of the damages are cumulative
and result in changes in human and environmentdtiheas well as a change in the social
dynamics of surrounding areas. By placing a nmayetalue on the pollution associated
with AMD in association with the PPP, future consewces can be neglected and

therefore sustainable development is de-emphasized.

Given that the PPP is a regulatory mechanismhhatbeen shown, in the past, to
be successful in decreasing the amount of envirataheegradation through reducing
pollution to archive environmental managements itmportant to modify frameworks to
allow for the PPP to be used in a proactive rathan reactive fashion. Currently, the PPP
is applied once there is a major environmentalri§ however, it were to be applied pro-
actively through more regular mine site visits #mdbugh modification of pricing schemes
to better account for cumulative impacts and diggddrom non-point sources. Frequent
site visits would allow regulatory authorities tavie a better sense of the activities and
waste management practices of each mine, whichdvmalkke enforcement much easier.
Additionally, when it becomes impossible to measangle company's contributions to
pollution in any given area, the government cansmer entering into a pre-formed
agreement between the various mining groups, baseguroduction, consumption, spatial
extent of activity or other characteristics to mstie the pollution load for each party
(Taviv et al., 1999: 5-3). Such an agreement, h@wneakes years to establish and could
result in unnecessary litigation. Although thesscdssions have been under way for
sometime, it is unclear if any agreement has beatiZed. The newly formed GTT could

revisit this issue and work towards other prevévganeasures.

43



[]
( ;I I E A Strategy for the Management of Acid Mine Drain&gem Goldmines in Gauteng

our future through science

6.2.2 Shortfall of the EIA

Although EIAs are required in most countries priorthe initiation of new mining
projects and are now considered international pesttice, they can, in many respects be
considered as a lip-service to legislation sinegythare reactive, short-sided, and largely
incomplete or inaccurate. Currently, many of thevimmmental and socio-economic
aspects that are uncovered as a result of the EHA@dressed retrospectively or viewed
“as a hurdle that has to be crossed before thetiagigas for project approval can begin”
(Sassoon, 2000: 101). Additionally, the EIA fdilsgain an accurate portrayal of socio-
economic, political, and health related consequetenining activities, thus indicating a
lack of commitment to take a more integrated apgro# project environmental and

developmental considerations of mining activities.

The reactive nature of ElAs, along with their inguete and inaccurate projects, is
inherent in the way in which they are conductedic8ithe EIA is created following the
feasibility study of a mining project, it is oftebased on incomplete geotechnical
information and engineering designs. FurthermBtAs are conducted at the beginning of
the project; however mining projects and the surding areas are not static, but rather
change over time. According to Meredith Sassoom, @rant a mining project
environmental approval ostensibly for the wholetefife, on the basis of the EIA, tacitly
implies a static situation” (Sassoon, 2000: 106pr these reasons, the information on
which the legislation is based may lead to inadeurojects that may underestimate
impacts. Some have also objected to the factni@aty mining companies are now hiring
their own employees to manage and enforce the EMfthough many of these
individuals have a technical background, they afeeno mining engineers turned
environmental engineers. Although extremely knalgkable and dedicated to their task,
many of these people lack the understanding ofrenmiental issues to see the broad
based environmental picture and therefore failsialdish unified, consistent viewpoints.
To address these problems, consideration shouldiven to acquiring more technical

information and more developed plans prior to th, Eequiring renewals of EIAs on a
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more regular basis, and to requiring environmeegjineers rather than mining engineers

to be responsible for implementing EMPs.

The EIA process also tends to neglect several litapb socio-economic aspects.
Although the South African EIA is geared towardd aoly assessing the environmental,
but also the socio-economic risks affiliated withew mining ventures, these assessments
are often superficial and incomplete. Since mahyhe economic and socio-economic
impacts of mining activities require an understagdof technical knowledge to predict
long-term concerns based on cumulative impactsethisks are often left out of the EIA
altogether (Warhurst and Noronha, 2000: 81-99mil&ily, the current EIA architecture
does not require true health impact assessmen#ssjHIRather, the HIA is a sub-section
of the larger EIA and relies only on the informaticollected from the EIA itself. Other
health aspects related to mine closure and minerw@nagement are approached from an
occupational point of view. For these reasons,hiath conclusions included in the EIA
are of limited to no value and therefore fail toquce useful conclusions. Instead, these
assessments should be conducted by doctors omeipidgists who would adhere to the
stipulations set out by the World Health Organmat{WHO), be able to better assess
health conditions of people in neighbouring arémsable to more accurately predict the
changes in health, based on the project, be aldsegess the cost of these implications and
be able to reasonably develop measures to praveminize, and mitigate impacts (WCD,
2000: 284).

The EIAs and resulting EISs and EMPs also addmase closure in a superficial
manner. Typically, it is agreed that after the enis decommissioned, the site should be
left safe with some degree of re-vegetation witommitment to accepting rehabilitation
as an integral part of the project and designSdnth Africa, all new mines must have a
mine closure plan prior to gaining a mining licedBME, 2002), however; there is not a
set method for addressing sustainability in terrhswater treatment plant operation.
Mining representatives agree that water treatméttg, similar to the one established at
Anglo Coal in Witbank and the plant under way witarmony Gold, are most likely the
way of the future (Herbst, 2007; Gunther, 2007)wéwer, it is unclear who will maintain
responsibility for these plants over the long-teManipulation of ownership and transfer

of physical assets and liability is common practicavoiding financial liabilities, and an
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absence of a plan in this regard presents a profderthe future. At present, mining

companies with water treatment facilities plan obsdaving themselves from the
responsibility of having to manage the water treathplants in the future by hiring private
companies to maintain operation and manage equipmiéns suggested that there be a
contingency plan for the government, if necessaryhe future, to be able to maintain
operation of these plants in the event that thepamy becomes bankrupt or the business

no longer remains profitable.

6.3 Recommendations

» There should be a continued investment in new taolgires to predict, prevent,
and treat AMD. Particular attention should be pamichybrid systems and metal
recovery processes which not only treat AMD, bsbgbrovide drinkable water,
employment, and usable materials.

* To limit coordination and implementation problemstveeen various government
agencies at the national, provincial and munidipat|:

o Government may consider providing economic ine@stior contractual
agreements to retain employees.

0 Agencies can hire more staff and provide leaderdhgining at the
municipal level.

o Delegation of powers should continue to be madeenspecific through
secondary legislation.

o GTT should be utilized to its full potential to aid interdepartmental
coordination

o Consideration should be given to employing andirtgsthe Trialogue
Model in practice and to strengthen the interfabesveen the actor-
clusters.

* To make legislation become more proactive:

o The EIA process should be altered to make it leastive. Consideration
should be given to the following:
» More detailed engineering plans and geotechnio&brination
should be gathered prior to conducting the EIA

» EIAs should be reassessed on a regular basis
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= EIAs should pay attention to cumulative socioecoiscampacts
= Mining companies should consider hiring environraémngineers
to oversee EMPs rather than mining engineers witobeiable to
have a broader understanding of environmental cosce
Separate HIAs should be done according to WHO staisd These studies
should be conducted by health professionals andulghanclude
epidemiological and toxicological studies of minim@mmunities and
should not rely only on information collected thgbuoccupational and
environmental data collection processes
Pricing schedules of PPP should be restructurdzbtier address non-point
discharge sources and cumulative impacts causeabbg than one polluter
New guidelines should be considered to make watatrhent plants more
sustainable over the long-term. To prevent theatieg impacts associated
with AMD, especially political consequences, goveemt may wish to:
= Provide subsidies for the establishment of largdesdreatment
facilities
= Look into using trust funds to support the operatiof water

treatment in the event that the operation is ngdomprofitable
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APPENDIX 1
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Figure 1: Witwatersrand Goldfield —

Above is a map depicting the relative locationted tlifferent groups in Gauteng’s Witwatersrand @Geld.
These groups include: the Younger cover sequeitesExposed Central Rand Group, the Covered Central
Rand Group, the Exposed West Rand Group, and CdWest Rand Group, the Dominion Group, and the
Exposed granitoid basement. Additionally, the mgjald fields are marked in red and major faultblisck.

Gold was first discovered in the Central Rand im 1#850s but did not become a lucrative industryl tims
1870s. Subsequently, gold was discovered in thet\and and Far West Rand and these areas were
developed starting at the turn of the 20th centudpw, as many of these mines are approaching @dosu
AMD is becoming a major issue in the area (FrombrRabdRobb 1998).
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APPENDIX 2

(A)  4FeSyq + 1404 + 4H,0() ---> 4Fe? g + 85047 aq + 8H' g

(B)  4Fe™q + Oy + 4H'(q ---> 4Fe™ (g + 2H,0

(C)  4Fe’,q + 12H,0y -—-> 4Fe(OH)3¢ + 12H" o

(D)  4FeS;s + 150, + 14H,0) ---> 4Fe(OH)s¢) + 85047 (aq) + 16H" 2
(E)  FeSyaq + 14Fe™ g + 8H,0() ---> 15Fe® g + 25047 aq + 16H" )
Figure 2: Basic Chemistry of Acid Mine Drainage —

AMD is complex and therefore can not be fully désed by a few reactions. In this figure, a few teats
are shown to illustrate how AMD is formed. In addlit to what is shown, sulphides of copper, zinc,
cadmium, lead, arsenic and other heavy metalsumillergo similar geochemical reactions resultinghia
contribution of toxic metal ions into mine wastetara Other factors such as the presence of akitiop
bacteria can accelerate sulphide oxidatfenlron Il ions and acidic hydrogen ions are releas#d the
waters that runoff from the mine drainage tunnel$adings piles,B. Iron Il ions are oxidized to form iron
Il ions as shown in the following reactio@, The iron Il ions now hydrolyze in water to formon Il
hydroxide, releasing more hydrogen into the envirent further reducing the pf. Sum of equations 1-3.
Here we see that pyrite is oxidized, free hydroiges into the water and coating the stream bed gt 11
hydroxide.
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APPENDIX 3

Socio-economic
sLoss of employment and
community of work and other socigl
benefits provided by the firm i ;
oo . Political Financial
sLoss of political rights to organize «Loss of value of home and land
i iti oL f confidence in . ]
and improve conditions of work go(\)/sesrr?mg?lt dence and reduced mobility to find new
«Reduction of education/training work
opportunities 1 «Loss of income
*Feeling of disempowerment +Loss of demand for skills and
+Alcoholism,, drug dependencies, inability to return to previous work
domestic violence and depression *Resource rent reductions limits
sHealth and well-being reducing potential to re-invest economic
possibilities to obtain alternative benefits in productive activities at
emp'oyment all levels
*Health of future generates due to Mine Closure +Loss of foreign direct investment
exposure to toxins during ) > | Reduced maintenance of transpoft
pregnancy system and civil infrastructure
*Relocated populations
*Hazards associated with dumps,
unsafe plant equipment

v

Environmental
sLocal effect on bio-geophysical bases of livelidoo
eLand (degradation of soil, landscape)

*Water (acidification, contamination with heavyj
metals, salts etc.)

*Air (dust from tailings)

«Biodiversity (effect on whole ecosystems
leading to loss of habitat including food crops)

Figure 3: Sceme of Impacts Related to Mine Closurand AMD —

When mines are decomissioned and cease operatibother service and supply industries dissolverethe
are a whole host of impacts that can be discuss#ukicontext of environmental, socio-economicaficial,
and political issues (Adapted from Warhurst andddha, 2000: 86).
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APPENDIX 4
Aspect Requiring Regulation Government Department Responsible
Environmental Coordination Dept of Environmental Affairs and Tourism
) ] Dept of Environmental Affairs and Tourism
Air Pollution Local Government

Dept of Environmental Affairs and Tourism
Domestic and Non-Hazardous Industrial Dept of Water Affairs and Forestry
Wastes Local Government

Dept of Environmental Affairs and Tourism
Dept of Water Affairs and Forestry
Dept of Transport

Hazardous Waste

] National Dept of Health
Transportation of hazardous substances pept of Transport

. . . Dept of Land Affairs
Soil Quality (and use of pesticides) Dept of Agriculture

Dept Environmental Affairs and Tourism
Marine Pollution (i.e. from coastal mining Dept of Transport

activities) Dept of Water Affairs and Forestry

Dept of Minerals and Energy

Dept of Environmental Affairs and Tourism
National Dept of Health

Dept of Water Affairs and Forestry
National Nuclear Regulator

Radioactive Waste

Dept of Water Affairs and Forestry

Water Pollution Local Government
Mine Waste Dept of Minerals and Energy
Waste on roads Provincial Administrations

Dept of Foreign Affairs

Dept of Environment Affairs and Tourism
International Conventions Dept of Trade and Industry

Dept of Transport

Dept of Water Affairs and Forestry

Table 1: State Institutions Involved in the Adminigration of Waste Management and Pollution
Control —

The above table shows the various aspects of waatagement and pollution control that are monitated
the state level on the left and the departmentoresiple for the regulation on the right. Given thatually

all national departments, provinces, and local @niiles are responsible for administering one oreriaws

in relation to mine water managment, it is underdtdle why enabling institutions and procedures tha
encourage and require interdepartmental collalmradre so important. (Table modified from DEAT and
DWAF, 1997; Oelofse, 2006).
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GLOSSARY

Acid Mine Drainage —-Highly acidic water, usually containing high contrations of
metal, sulphides, and salts as a consequence ofgrantivity including but not limited to
drainage from under-ground mine shafts, runoff disgharge from open pits, mine waste
dumps, tailings and ore stockpiles. Acid mine mige is commonly referred to as acid
rock drainage.

Apartheid - Afrikaans or Dutch word meaning “separatenesg€du® describe the social
policies of the National Party in South Africa frob948-1994 which were designed to
keep White and Black South Africans from mixing.

Aquifer - An under-ground geological formation containingter and is the source of
groundwater for wells and springs.

AssessmentTFhe process of collecting, organising, analysinterpreting data. In the
case of an environmental impact assessment, tbesasent leads to the creation of a
statement, which discusses findings in the corgéan issue of interest.

Decant— To flow or pour out. In the context of this pagelecant” refers to the flowing
of acid mine drainage out of an abandoned mind.shaf

Dewater - A verb used to describe the removal of water feooompartment at a rate that
exceeds water replacement. This process progedgsowers the natural water table.

Dimorphic — Having two distinct forms.

Governance - The right to participate in and make decisionthwegard to a nation's
affairs, which is critical in democratising the tstaand society. Characteristics of good
governance include: political accountability, freed of association and participation, a
sound judicial system, bureaucratic accountabilitgnsparency, freedom of expression,
and capacity building. All these aspects are esgdaatsustainable development.

Gross Domestic_Product- A measurement of the total value of goods andices
produced by a domestic national economy duringvargperiod, usually one year. Total
GDP is obtained by adding the value contributedebgh sector of the economy in the
form of profits, compensation to employees, andsoomption of capital; however, the
contributions to the economy arising from foreigmastment within the country can not be
taken into account as a part of this figure.

Mining - The extraction of valuable minerals or other mate from below the Earth’'s
surface. Materials commonly recovered through ngninclude bauxite, coal, copper,
diamonds, iron, gold, lead, manganese, magnesiickeln phosphate, platinum group
metals, salt, silver, tin, titanium, uranium, ziogy, sand, gravel, granite, and limestone.

Mine Closure - A term used to describe the process of shuttowgndmine operation. The
objectives for closure of a typical hard rock minmgclude minimizing long-term
environmental liability, attaining regulatory corgsice and maintaining geotechnical
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stability, while closing as quickly and cost efigety as possible - in a manner that returns
the land to a safe and stable configuration fot-pusing uses.

Mitigation — Measures designed to avoid, reduce or remedy atvers

Oxidize —A chemical reaction in which an element or compodaodates an electron to a
reduced element or compound, usually to oxygenthdéncontext of this paper, oxidation
of sulphides contributes to the formation of acidendrainage.

pH- A measure of the activity of hydrogen ions (H+)irsolution used to determine how
acidic or basic a solution is. The pH of a givetuson is given on a log scale from 0 to
14 with 0 being extremely acidic and 14 being exely basic and 7 being neutral. Acid
mine drainage can have a pH as low as pH 2.

Post Closure —Post-closure is the point in time beyond which agher monitoring or
passive management is needed or required.

Sinkhole- A depression in a land surface connected to éemamean passage, generally
occurring in limestone regions and formed by ca&apf a cavern roof or dissolving of the
subterranean minerals.

Stakeholder Any individual, group, institution, or businessituthat is affected by or have
an interested in a particular activity or set dhaties

Social Justice An ideal condition in which all members of a sdgihave the same basic
rights, security, opportunities, obligations andiabbenefits

Sulphide -A compound containing sulphur with an oxidation t@mof -2, with another
chemical element or a radical thereof.

Sustainable DevelopmentTo achieve economic and social goals of the ptes#hout
compromising the needs of future generationsnatte paid to conserving resources,
protecting the environment, and ensuring humantieald welfare.

Water Table - The level below the land surface at which thiessuface material is fully
saturated with water. The depth of the water tabflects the minimum level to which
wells must be drilled for water extraction.
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