Project JB418:  Drivers of Environmental Change


“… the fields are devastated by mining operations …  Further, when the ores are washed, the water which has been used poisons the brooks and streams, and either destroys the fish or drives them away.  Therefore the inhabitants of these regions, on account of the devastation of their fields, woods, groves, brooks and rivers, find great difficulty in procuring the necessaries of life, and by reason of the destruction of the timber they are forced to greater expense in erecting buildings.  Thus it is said, it is clear to all that there is greater detriment from mining than the values of the metals which the mining produces.”  (Georgius Agricola:  “De Re Metallica”, 1556)

It is evident from this quotation that mining has impacted on the environment and driven environmental change since mining activities first began.

1
INTRODUCTION AND BACKGROUND INFORMATION

Mining in South Africa is a multi-billion rand industry contributing some 16% towards the country’s gross domestic product through sales of minerals and mineral products (Viljoen & Reimold, 1999).  Total mineral sales for 1999 amounted to 
R94.7 billion, of which 77.3% were from export revenues and the remainder from gold (Mlambo-Ngcuka, 2000).  In 1998, the South African mining sector employed 
466 144 people on 703 mines to produce 53 different minerals (Stats SA, 2000), while the mining industry, together with those industries that supply goods and services to it, collectively support more than 10 million people (Viljoen & Reimold, 1999).

The mining sector is clearly a major player in the South African economy and, by the very nature of its activities, impacts on the biophysical, social and economic environment.  Depending on the size, type and location of mining operations and exploration programmes, mining may impact significantly on the environment to the extent that it is able to drive environmental change, particularly changes to the biophysical environment.

Of the environmental impacts (both direct and indirect) associated with mining, the greatest impact is related to the extraction and depletion of non-renewable mineral resources.  While the world’s population doubled between 1750 and 1900, the global use of minerals increased tenfold during the same period, and it has again increased thirteenfold since 1900 (Worldwatch Institute, 1998).

Particular areas where the impacts of mining are at a large enough scale to drive environmental change include pollution and waste generation (rock and tailings), together with water and energy demand and use.  The mining sector has a major role to play in the utilisation and preservation of South Africa’s limited water resources.  An example of the importance of water to the mining sector is provided by the gold mining industry, which accounts for one percent of the total water consumption in South Africa (Pulles et al. 1996).

2
MINING PROCESS IMPACTS WITH THE POTENTIAL TO DRIVE BIOPHYSICAL ENVIRONMENTAL CHANGE

Mine development takes place over a number of phases, with activities associated with each mining phase possessing the potential to drive environmental change in different ways and at various scales, ranging from local to national changes and even international environmental changes (for example air pollution plumes over the Southern African region).  Table 1 provides an outline of the general stages of mine development and potential environmental impacts associated with some of the activities.  The environmental impacts that have been investigated and documented are discussed further, particularly with reference to the South African mining sector.

Table 1:  Potential environmental impacts associated with the four primary mining phase activities.

	Mining Phase
	Activities
	Potential Environmental Impacts

	Exploration
	· Geochemical and geophysical surveys

· Drilling and trenching
	· Vegetation damage and destruction

· Habitat disturbance

· Soil erosion

· Discharge or spillage of contaminants

	Mining and milling
	· Mine construction

· Stripping/storing of soil “overburden”

· Extraction and crushing/grinding of ore

· Flotation/chemical concentration of ore

· Mine and surface water treatment

· Storage of waste rock and tailings
	· Discharge of acid mine drainage contaminants, released to surface and ground water

· Ground and surface water pollution from seepage and radionuclides

· Discharge of contaminated water via mine de-watering activities

· Ground surface disturbance

· Blasting and noise disturbance

· Land alienation from waste rock piles and disposal areas

· Increased erosion and silting of waterbodies

· Windborne dust and radionuclides

· Sulphur dioxide emissions and acid rain

· Methane emissions from coal mines contributing to greenhouse gases

· Fauna and flora habitat loss and disturbance

	Smelting and refining
	Mineral processing through smelting, roasting and other methods for refining ore
	Discharge of contaminants to air, including heavy metals, organics and SO2

	Mine closure and post-operational waste management
	· Decommissioning of roads

· Dismantling buildings

· Reseeding/planting of disturbed areas

· Recontouring pit walls/waste dumps

· Water quality treatment

· Fencing dangerous areas

· Monitoring of seepage
	· Subsidence of previously mined areas

· Continuing discharge of contaminants to ground and surface water via seepage

· Fauna and flora habitat loss and disturbance

· Windborne dust, including radionuclides

· Dangerous areas that pose health risks and possible loss of life (e.g. shafts, pits, etc.)


Source:  Adapted from Environment Canada (1996). The State of Canada’s Environment.  Government of Canada, Ottawa.

2.1
Exploration activities

The activities, and most of the potential environmental impacts, associated with mining exploration occur at a much smaller scale than mining operational activities, being mainly restricted to particular exploration sites or larger localities.  The cumulative effects of exploration activities at multiple sites within an area have the potential, however, to drive environmental change, particularly from a larger regional perspective.

The more common and noticeable effects of these cumulative impacts include changes in aquatic and terrestrial ecosystem health.  The general environmental impacts of mining exploration include the removal of vegetation for survey lines, vegetation damage and soil erosion from vehicle tracks, abandoned equipment and supplies, soil, vegetation and water resource pollution and contamination.

Mining exploration pollution impacts include local spillage and leakage of fuels, oils and drilling fluids resulting in site and vegetation contamination.  Potential surface water pollution may result from site wastewater, sewerage disposal and waste rock dump heavy metal and sediment drainage.  Habitat disturbance and soil erosion impacts are caused by vegetation clearing for access routes and drilling sites, and the use of bulldozers for stripping overburden to examine the underlying bedrock.

2.2
Mining and milling activities

The operational phase accounts for most of the environmental impacts associated with mining (see Table 1) and is considered to be the mining phase with the greatest potential to drive environmental change.  The extent to which mining operational activities act as drivers of environmental change depends in part on the type, scale, duration and magnitude of the activities, and the sensitivity of the receiving environment.

2.2.1
Environmental change associated with surface and underground mining methods

Surface mining methods, including strip mining, open pit mining, dredge, placer and hydraulic mining, may drive environmental change of the affected land surface in the following ways (Brink et al., 1990):

· Changes in topography and surface drainage with the potential for increased soil erosion, long-term compaction, subsidence and reduced agricultural capacity;

· Disturbance of the natural groundwater regime with the potential for both ground and surface water pollution; and

· Changes in topsoil characteristics with the potential for increased acidity and salt content, development of nutrient deficiencies or imbalances, surface crustiness or desiccation, changes in vegetation cover and land use with the potential for production of atmospheric dust and other pollution.

The surface effects of underground mining are mostly associated with localized subsidence, sinkholes, rock bursts and earth tremors, while roof collapse of shallow underground bord and pillar coal mine seams can promote spontaneous combustion in the residual coal.  Some of the older coal workings in the Witbank area have continued to burn for many years and have resulted in unplanned surface collapse as well as ground and surface water contamination through acidification and salinization of local aquifers and streams (Wells, Van Meurs & Rabie, 1992).  Further environmental effects associated with coal dump and old workings fires include sulphur dioxide emissions and associated acid rain.

2.2.2 Changes to the groundwater environment

Mining operational activities may contribute to a number of adverse hydrogeological environmental impacts, including changes to the local (sometimes regional) groundwater dynamics, quality and quantity.

The location of many of South Africa’s largest mining operations in or close to the country’s most important aquifer, the dolomitic rocks of the Transvaal Sequence is of particular concern to urban populations who are reliant on the dolomitic water resources for regular and emergency water supplies (Brink, van Schalkwyk, Partridge, Midgley, Ball & Geldenhuis, 1990).  Changes in groundwater quantity, caused by mining, include aquifer dewatering, which occurs as a result of mines requiring large volumes of good quality water to ensure safe and economical mining operations.  The environmental effects of dewatering include lowering of water-tables, the formation of sinkholes and subsidence.

Hydrogeological impacts are also associated with the inappropriate placement of opencast mining waste disposal facilities such as tailings dams and slurry ponds on surface or in open pits, giving rise to seepage mounds and causing changes in the rate and direction of groundwater movement (Brink et al., 1990).

In general, mining and milling processes result in the release of environmental pollutants which were previously largely immobile.  The exposure of large surface areas of reactive ore to oxygen, water and bacteria leads to the formation of deleterious leachates.  Sulphides, the most obnoxious minerals, oxidize to acidic sulphate solutions of which the low pH, high sulphate and total dissolved salt load have serious detrimental terrestrial and aquatic ecosystem effects caused by acid mine drainage (Brink et al., 1990).  Potential sources of acid mine drainage include surface runoff from open cast mining areas, seepage from leach ponds, runoff from residue dumps or ore stockpiles and drainage from underground workings.

2.2.3
Changes to the surface water environment

The most significant changes to the surface water environment, associated with mining activities, are changes in water quality.  The following mining sources generate a diversity of contaminants, which can affect surface waters, groundwater, aquatic plants, surface water biota and submerged sediments (Pulles et al. 1996):

· Underground stopes

· Surface rock and sand dumps

· Slimes dams and delivery pipelines

· Coal discard dumps

· Coal fines

· Rehabilitated opencast pits

· Plant areas

· Explosives

Chemical contaminants in mine water systems are complex and often have synergistic effects on a variety of different environmental components.  Pulles et al., (1996) indicate that mines have been unable to cost-effectively eliminate the following sources of water pollution:

· Acidic saline conditions with mobilized dissolved metals and nutrient enrichment caused by pyrite oxidation and blasting residues;

· Eutrophication, pH fluctuations and decreased oxygen content caused by sewerage; and

· Cyanide and radionuclide contamination of seepage.

2.2.4
Landscape ecological changes

The process of putting new mining infrastructure in place generally results in alteration of the environment, particularly at landscape and ecosystem levels.  Infrastructure associated with mine construction includes transport and service corridors (railway lines, roads, pipelines, conveyers, airstrips, port facilities, power, water and gas corridors) and surface facilities (e.g. offices, workshops, car parks and warehouses), sinking of mine shafts and the removal of soil, vegetation and rock to access ore deposits and create tailings and waste disposal areas.  The landscape level environmental impacts are generally in the form of landscape alteration and fragmentation of biological habitats, populations, communities and ecosystems.  They also include altered patterns of stream flows, especially where mines have to be de-watered.

2.2.5
Air pollution effects

The coal mining industry is one of the major sources, in South Africa, of the greenhouse gas methane emitted into the atmosphere every year.  Mining processes release various forms of air pollution, including radioactive particles, into the broader environment through washoff or leachate from unrehabilitated / revegetated mine dump and discard areas, or as a constituent of mine dump dust.

The environmental impacts of windborne dust, gases and particulates from mining activities are primarily related to human health and ecosystem damage.  Recent publicity associated with the negative health impacts of mining dust include legal action against mining companies by communities in the Northern Province and Northern Cape living in close proximity to old asbestos mines (Environmental Policy Initiative, 2001) and a Gauteng community living adjacent to an abandoned gold mine (Moloi, 1999).

2.2.6
Soil erosion and sedimentation

Mine construction results in widespread soil disturbance and subsequent accelerated soil erosion, giving rise to soil and sedimentation transportation into streams, rivers and other waterbodies, with subsequent alteration or loss of habitats for aquatic organisms, as well as changes in water quality.  Soil erosion also promotes disturbance mediated ecological changes including the establishment of alien invasive plant species, altered plant community species composition and loss of faunal habitat.

2.2.7
Tailing dams and impoundment leaks, seepage and breaches

Tailings earthen dams and berms may contribute towards local and regional water contamination via seepage through or around the dams or via breaches and/or failures of the dams themselves.  In the Vaal area, more than 50 000 tonnes of salts seep out of tailings into the Vaal barrage annually, resulting in extensive water, soil and vegetation contamination (Booth, 1994).

Under severe circumstances, dam wall failure can result in large-scale soil contamination and loss of viable land for agricultural and other forms of use, and potential loss of human life.

2.3
Smelting and refining activities

The primary environmental effects associated with smelting and refining processes include the contamination of soils, watercourses, and even entire food chains caused by leaching and transportation of pollutants from mine extraction, stockpile and waste sites.

Any form of mineral heating (combustion, smelting or calcining of minerals) produces contaminated water, noxious gases and fine dust, and injects heavy metal vapours into the atmosphere (Booth, 1994).

2.4
Mine closure and post-operational waste management

Many mine related environmental impacts continue after mine closure.  Among the more pronounced post-closure impacts are landscape scarring in the form of unrehabilitated waste rock dumps, mine tailings dams, discard dumps and old shafts, while continuing environmental damage from polluted waters (including acid mine drainage) and the dispersal of contaminated solid waste is a feature of mines throughout the world (Johnson, Cooke & Stevenson, 1994).  Environmental changes resulting from these impacts include (Carl Duisberg Gesellschaft e.V, 1999):

· Loss of productive land;

· Loss or degradation of groundwater;

· Pollution of surface water by sediments or salts;

· Changes in river regimes;

· Air pollution from dust or toxic gases; and

· Risks of falls into shafts and pits.

3
CONCLUSIONS

It is widely recognized that virtually all stages of the mining process have the potential to cause significant environmental impacts, and in doing so, drive environmental change.  The most frequent negative effects of mining activities include surface disruption, solid waste generation, and the discharge of toxic and non-toxic air emissions and liquid effluents.

While the groundwater influence of large-scale mining is generally limited to the environs of the individual operations, the influences of mining activities on terrestrial and surface water ecosystems are more widespread and may result in significant environmental impacts on entire ecosystems and across regional catchments.

Typical mining impact management and mitigation measures include adhering to Best Practice Guidelines developed for a range of mining activities (for example, water quality management), investigating alternative locations for infrastructure and waste disposal sites, the adoption of different mining and beneficiation technologies, the use of cleaner production technologies, recycling of water and specific materials, pollution control measures, rehabilitation and landscaping, and the acquisition of additional property to compensate for habitat loss (Ashton, 1999).

In South Africa, mining environmental management practices are currently guided by the 1992 Aide Mēmoire for the preparation of Environmental Management Programme Reports for Prospecting and Mining (Department of Minerals and Energy, 1992) and enforced by both the Minerals Act, 50 of 1991, and the National Environmental Management Act, 107 of 1998.  Recent developments aimed at improving environmental management practices in the mining sector include the first draft of the Minerals Development Bill, released for comment by the Department of Minerals and Energy in December 2000, while the Aide Mēmoire is currently being revised.

The mining sector will continue, by the very nature of its activities, to drive environmental change, notwithstanding the environmental guidelines, legislation and substantial impact mitigation and management measures developed to address many of the adverse environmental affects described in this paper.  An important challenge facing the mining sector is to embrace the concept of sustainable development and, in doing so, improve public perceptions, particularly with regards to social and environmental issues of concern.
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