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Abstract
It is well established in literature that the environmental impacts associated with the coal industry are numerous. In respect
of South Africa’s groundwater resources the major impact of the coal industry is a reduction in groundwater quantity and
quality. There is therefore a need to proactively prevent or minimise these potential impacts through long-term protection
and improved water management practices. One such initiative is to implement monitoring programmes in various sectors
of the coal industry for groundwater quality and quantity. Groundwater monitoring requires sophisticated interlinked stages
which are often overlooked or not fully understood. Consequently a methodical approach must be undertaken in order to
have an effective and economical groundwater monitoring system. This paper provides a comprehensive guide to the establishment of a groundwater monitoring programme for environmental practitioners in the coal industry. An inclusive 7-stage
methodology is presented describing the different stages of establishing a groundwater monitoring programme, focusing on
the ‘why’, ‘how’, and ‘who’ of groundwater monitoring.
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Introduction

Impacts of the coal industry

Coal was first discovered in South Africa in 1838 and 1859 in
the provinces of Mpumalanga, KwaZulu-Natal, and the Eastern
Cape (Roux, 1998). Since then coal has played a vital role in
South Africa’s economy, satisfying the majority of the country’s primary energy requirements, as well as bringing foreign
investment into the country. Coal, according to Roux (1998,
p. 136) is a ‘readily combustible sedimentary rock containing
more than 50 per cent by weight and 70 per cent by volume of
carbonaceous material, and is formed by the accumulation,
compaction, and induration of variously altered plant remains’.
Coal is found in South Africa in 19 coalfields throughout the
country. The majority of the coal reserves are located in the
provinces of KwaZulu-Natal, Mpumalanga, Limpopo, and the
Free State, with lesser reserves in Gauteng, North West and the
Eastern Cape (Jeffery, 2005).
Both underground and opencast mining takes place in South
Africa. About 37% of South Africa’s coal production comes from
underground mines and about 63% from surface mines (GCIS,
2007). Though South Africa has the benefit of widespread
reserves, it is highly dependent on its coal reserves. Coal is South
Africa’s primary source of electricity production, contributing
over 75% of the country’s power supply (Fourie et al., 2006). The
extensive utilisation of coal in South Africa, coupled with continual population growth, is resulting in a ever-growing demand
and impact on South Africa’s scarce freshwater resources.
There is, therefore, a need to proactively prevent or minimise
potential impacts on groundwater through long-term protection
and improved water management practices. One proactive step
to managing the coal industry’s impact is that of developing a
groundwater monitoring programme.

The coal industry impacts on groundwater resources in two
main ways, affecting both water quality and quantity. There are
a number of chemical reactions that result in the degradation of
the quality of groundwater. When water and oxygen come into
contact with sulphide-bearing mineral species during coal mining, a reaction resulting in what is termed ‘acid mine drainage’
occurs (Hodgson and Krantz, 1998). In some sulphide-bearing
rocks, sulphides constitute a major proportion of the chemical
composition of the rock, for example, in metallic ore deposits,
coal seams, oil shales, and mineral sands (Lottermoser, 2010).
Pyrite is a typical mineral that is associated with acid mine
drainage. The simplified 3-step reaction of pyrite oxidation and
mine drainage is presented below:
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•

Step 1: Pyrite reacts with water and oxygen, forming
dissolved ferrous iron, acidity and sulphate.
4FeS2(s) + 14O2(g) + 4H2O(l) --> 4Fe2+(aq) + 8SO42-(aq) + 8H+(aq)
The reaction initiates once pyrite has come into contact
with oxygen and water.

•

Step 2: Ferrous iron is oxidised to ferric iron.
4Fe2+(aq) + O2(g) + 4H+(aq) --> 4Fe3+(aq) + 2H2O(l)
Constructed silt traps/ponds and aerobic wetlands promote
this reaction.

•

Step 3: Ferric iron is hydrolysed to insoluble iron
hydroxide (yellow boy).
4Fe3+(aq) + 12 H2O(l) --> 4Fe(OH)3(s) + 12H+(aq)
Yellow boy is an insoluble precipitate which coats stream
beds and forms thick yellowy-orange sludges in water bodies.
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