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Abstract South Africa’s Witwatersrand Gold Field has produced almost 40 % of all the gold ever
extracted, as well as being a significant source of uranium. The gold occurs in pyritic conglom-
erates located along the “Golden Arc” centred on the city of Johannesburg. Mining has led to
the excavation of a series of large interconnected underground voids. In the oldest mining areas,
underground mining has all but ceased and the workings have been allowed to flood. Since 2010,
concerted efforts have been made to address the existing and potential impacts of AMD in this

area.
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Introduction

Gold occurs in the Witwatersrand Gold Fields
in a number of conglomerate layers (locally
known as reefs) within a large Archaean sedi-
mentary basin. Resistant quartzite layers
within this sedimentary pile define the ridge
which gives the area its name, the “White
Water Ridge”. This ridge forms a continental
water divide. Water falling to the north of the
ridge flows north towards the Limpopo River,
eventually flowing east to the Indian Ocean,
while water falling south of the ridge flows
south and west into the Vaal River and eventu-
ally to the Atlantic Ocean. The mineralised lay-
ers contain significant amounts of pyrite and
elevated concentrations of uranium, which
has been produced as a by-product of gold
mining in some areas. Gold was discovered in
Johannesburg in 1886, with a significant indus-
try developing soon after. The initial gold dis-
covery occurred in the Central Rand (largely lo-
cated in the city of Johannesburg), with
subsequent discoveries being made in the
West Rand and East Rand (Fig. 1). Later discov-
eries were made in a number of areas where
the Witwatersrand reefs are largely covered by
younger rocks, with mining eventually devel-
oping along more than 300km of strike

length. In the years following the 2™ World
War, significant amounts of uranium were also
produced. Mines are developed within a num-
ber of more or less contiguous mining com-
plexes, which define individual gold fields. Be-
cause of its location on the water divide,
Johannesburg and the surrounding urban and
industrialised areas are not located close to a
significant water source, requiring water to be
pumped to the city from the Vaal Dam some
tens of kilometeres to the south.

Early mining was limited to the surface
outcrops but it was soon realised that these
were the surface expression of extensive
southward-dipping sedimentary layers ex-
tending to great depths. The high costs of un-
derground mining led to the consolidation of
mines into large units which were intercon-
nected at depth across the major goldfields.
This interconnection allows water to flow rel-
atively freely between the underground work-
ings of mines within each of the gold fields
(Pulles et al. 2005). Following the cessation of
underground operations in many of the
mines, water flowing into large areas of under-
ground workings needed to be pumped by
fewer and fewer operators. This became ex-
tremely costly for the remaining mines. Even-
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Fig. 1 Location of the Western, Central and Eastern mining basins of the Witwatersrand Gold Field,
relative to the populated urban areas of Johannesburg and its surrounds (Ramontja et al. 2011).

tually these mines also ceased operations,
stopped pumping and the interconnected
mine voids began to flood.

Pumping ceased in the West Rand Gold
Field in 1998. At the time, the mining company
involved commissioned the development of a
flooding model which predicted that water
would decant from the underground workings
to the surface in 2002. This prediction proved
correct (Coetzee et al. 2005), with polluted
water discharging into a stream to the north
of the water divide (Fig. 2). Water polluted by
Witwatersrand mining activities typically dis-
plays low pH, high TDS, high SO4 (Ramontja et
al. 2011) and may be contaminated with a
range of metals, with uranium being among
the contaminants of greatest environmental
concern (Coetzee et al. 2006). Despite reports
of acidity in this water as far back as the 1950s
(Hocking 1986) no plans were put in place by
either the mine owners or government agen-
cies and the decanting water entered local
aquifers and surface streams with serious neg-
ative effects (Hobbs and Cobbing 2007; Hobbs
2013).

In the Central and East Rand Gold Fields,
single pump stations maintained the water at
a level which permitted mining to continue,
both of these discharging to the south of the
water divide. These were operated by the last
mines to operate within these areas and par-
tially subsidised by the State in an effort to
maintain gold production in these areas. Even-
tually these two operations also ceased pump-
ing due to a fatal underground accident in the
Central Rand in 2008 (Ramontja et al. 2011) and
the liquidation of the last company pumping
water in the East Rand in early 2011. The under-
ground workings in these gold fields then also
started to flood (Janse van Vuuren 2011).

Legislative environment

Mine closure and mine water management in
South Africa are governed largely by the Mineral
and Petroleum Resources Development Act (Act
of No. 28 of 2002) and the National Water Act
(Act No.36 0f1998). These acts govern all aspects
ofthe licensing, operation, environmental man-
agement and closure of mining operations as
well as providing specific conditions on the use
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Fig. 2 Acid mine drainage discharging from an
abandoned mine shaft in the West Rand Gold
Field.

and pollution of water. However historical legis-
lation which governed mining was not as com-
prehensive, particularly with respect to environ-
mental management and closure (Coetzee et al.
2008; van Tonder et al. 2008).

Regional considerations
A key concern is the discharge of acid mine
drainage into rivers flowing to the south of the
water divide. Before the cessation of pumping
by the mines, water was neutralised and dis-
charged to local streams which flowed south
towards the Vaal River. Although this discharge
entered the Vaal downstream of the point of
abstraction for Johannesburg, it was known to
affect downstream water quality. Historically
this water quality impact has been mitigated
with discharges of clean water from dams up-
stream of this discharge point. However this
will not be sustainable in the long term, partic-
ularly as water is already transferred into the
Vaal River System from other areas via expen-
sive inter-basin transfer schemes (Department
of Water Affairs and Forestry 2009).
Desalination of point sources of mine
water is seen as an important component in
the management of water quality at a regional
level. This water will then be suitable for aug-
mentation of local water supplies for domestic,
agricultural or industrial use. However the
often unseen benefit of removing the polluted

water from river systems is that it makes water
that would otherwise be required to dilute
downstream saline discharges available for
use, reducing the need for expensive augmen-
tation schemes (Department of Water Affairs
and Forestry 2009).

Proposal of solutions

The flooding of these mines and the risks
posed by AMD discharges were identified be-
fore the flooding of mines commenced (Scott
1995; Rison Consulting (Pty) Ltd 2001). The in-
terconnected nature of the underground
workings also highlighted the need for inte-
grated, regional solutions to be developed
(Pulles et al. 2005; van Tonder et al. 2008). By
and large, solutions have hinged on the even-
tual need to pump and treat water to maintain
safe water levels within the underground
workings and the longer-term aim of reducing
the flow of water into the underground work-
ings as a means to reduce the eventual costs of
pumping and treatment (Krige 1999; Krige
2001; Strachan 2008).

During this period, the existing problems
and threats due to the flooding of the under-
ground workings rose to prominence in the
public eye, often attracting sensationalist
media reports of impending disaster. In the
second half of 2010, the South African Govern-
ment appointed an Inter-Ministerial Commit-
tee, representing the Ministries of Mineral Re-
sources, Water Affairs, Environmental Affairs
and Science and Technology and the National
Planning Commission to investigate the issues
surrounding acid mine drainage and make rec-
ommendations for a programme to manage it.
This committee appointed a team of experts
led by the Council for Geoscience combining
the expertise within the relevant government
institutions, science councils, the Water Re-
search Commission and a number of universi-
ties. The Team of Experts produced an assess-
ment of the situation and recommendations
for a path forward.

The recommendations of this team (Ra-
montja et al. 2011), which were subsequently
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adopted by government combined the objec-
tives of maintaining a safe water level by re-es-
tablishing the pumping of water from the un-
derground workings and the reduction of
volumes to be pumped via the control of sur-
face water ingress. It was recommended that
the pumped water be treated. Initially this
would be by neutralisation, but it was recom-
mended that desalination be investigated as a
medium- to long-term measure. The impor-
tance of AMD sources over and above the un-
derground mine voids, in particular diffuse
sources such as surface mine residues (Steffen
Robertson and Kirsten 1986; Fig. 3) was ac-
knowledged, as was the long-term nature of
the problem faced. A key gap identified is the
long term funding of the process as many of
the mines involved closed in the past when the
legislative requirements for mine closure were
not as strict as they are today. The need for en-
hanced water quality and flow monitoring was
also recommended.

These recommendations were adopted by
the South African Government in February
2011. Structures were put in place to oversee
their implementation. The initial priorities
were identified as the control of the discharge
of AMD to the environment in the Western
Basin and the prevention of the rise of the
water levels to critical levels in the Central and
Eastern Basins. During the months that fol-

Fig. 3 Acid mine drainage
generated in surface tailings
deposits in the West Rand

lowed, significant progress was made in the ap-
pointment of implementing agents and the
commissioning of detailed feasibility studies.
At the same time a process was initiated to un-
dertake a feasibility study for a long-term so-
lution to deal with AMD in the Witwatersrand
(Department of Water Affairs 2012).

Implementation of solutions

Since 2011, South Africa’s Department of Water
Affairs has been overseeing the process of im-
plementing measures aiming to prevent the
rise of water above environmentally accept-
able levels in the Central and Eastern Basins
and to lower the level in the already flooded
Western Basin. This programme incorporates
measures to neutralise water pumped from
the underground mine workings. An existing
neutralisation plant in the Western Basin has
been upgraded such that it has sufficient ca-
pacity for the volume of water required to con-
trol the water level, while infrastructure has
been developed to pump this volume of water
from the Basin.

As a consequence, no untreated water has
been discharged to the environment in this
area since mid-2012 (Hobbs 2013). A pro-
gramme is in place for the installation of
pumping and treatment infrastructure in the
Central and Eastern Basins, although funding
of this remains a challenge.
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In parallel with this process, the Council
for Geoscience (South Africa’s Geological Sur-
vey) and the Department of Mineral Resources
are undertaking a programme to understand
the ingress of water into the underground
workings and implement measures to reduce
these flows (Strachan 2008). This work com-
prises a programme of research into the hy-
drology and geohydrology of the gold fields as
well as construction work aimed at reducing
water ingress into the mine workings. A canal
has been constructed in the west of Johannes-
burg, in an area where a surface stream crosses
an area of historical surface mining and shal-
low undermining and feasibility studies are
proceeding for the construction of additional
canals.

Challenges
Despite significant progress, this process has
not been without problems:

* Funding for the development and imple-
mentation of solutions is limited al-
though significant funds have been forth-
coming from the South African
government. In addition, the DRDGold
has made land available and Central Rand
Gold has provided equipment for these
interventions. The issue of who is liable
for costs has also not been fully resolved
(Nicolson 2013).

* Concerned citizens’ groups have com-
plained that the level of public participa-
tion in these processes has not been ade-
quate and that their concerns are not
being taken into account, although com-
prehensive statements of concern (Preto-
rius and Liefferink 2011) have been sub-
mitted. Environmental activists also
complain about government institutions
not being forthcoming with information
(pers. comm. M Liefferink 2013)

* The current interventions in largely-aban-
doned mining areas are hampered by a
lack of monitoring data and other infor-
mation and the fragmentation of infor-
mation between different institutions.

This has necessitated the adoption of con-
servative remedial interventions which
may involve unnecessary costs being in-
curred.

Conclusions

More than a century of mining in the Witwa-
tersrand has left a significant water legacy
which will persist far into the future. However,
concrete interventions are taking place to
bring the situation under control and prevent
serious environmental problems from devel-
oping. Existing environmental problems are
also being managed to limit their impacts.
Local and regional considerations will necessi-
tate the upgrading of many of these interven-
tions in the medium- to long-term.

Flooding mines and large point-source
discharges of acid mine drainage have cap-
tured the attention of the South African
media. It is important to realise that these are
not the sole sources of polluted water entering
the environment as a result of gold and ura-
nium mining in the Witwatersrand region.
These will also need to be addressed to address
local and regional water pollution.

The processes undertaken to address acid
mine drainage in the older gold fields of the
Witwatersrand has been hampered by a short-
age of reliable data on historical water flows
and quality. While this cannot be remedied, it
emphasises the need to ensure that sufficient
data are collected to optimise the regional clo-
sure processes which will occur in the future
in other related mining areas.
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