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LIFE CYCLE OF MINING AND THEIR POTENTIAL ENVIRONMENTAL IMPACTS
1. 0. The exploration phase of mining

Exploration activities encompass all actions in the field that precede feasibility studies. Exploration activities include initial reconnaissance flights and geophysical surveys, stream sediment studies and other geochemical surveys, construction of access roads, clearing of test drilling sites, installation of drill pads and drilling rigs, benching, trenching/pitting, erection of temporary accommodation and power generation for exploratory drilling. Exploration activities also include determining the location, size, shape, position, and value of a body of ore using prospecting Methods.

1.1. The potential environmental effects of exploration depend on a number of factors, notably:

• Constructing new access routes,
• The proximity of surface water to drill sites (particularly those used for potable water abstraction)
• The ecological significance of the affected habitat, and the extent to which access has been improved as a result of exploration,

• The proximity to, and intrusion upon, existing settlements or resources used by local or indigenous people,
• The extent to which local or indigenous communities are voluntarily isolated, or have been exposed to diseases prevalent among exploration workers.

The exploration stage (surveys, mapping, drilling, and so on) generally produces the least-pronounced adverse environmental effects. Still, these can include the clearing of trees and vegetation, displacement and death of wildlife, and landform change through construction of access roads, camps, excavations, pads, pits holes, and shafts. While frequently dismissed as localized, the impacts of the exploratory phase can displace people, foreclose alternative land uses, create social conflict, and, by building roads, open up sensitive ecosystems to unplanned population influxes.

1.2. Potential environmental impacts during the exploration

Phase of mining include

• Disruption of habitat and harvesting and fishing activities,
Land alienation from protection options,

• Pollution of water sources from drilling,

• Camp garbage, and

• Deforestation.

2.0. The development phase of mining
The development of a mine consists of several principal activities: conducting a feasibility study, including a financial analysis to decide whether to abandon or develop the property; designing the mine; acquiring mining rights; filing an Environmental Impact Assessment (EIA); and preparing the site for production. Preparation could cause environmental damage by excavation of the deposit to remove overburden (surface material above the ore deposit that is devoid of ore minerals) prior to mining.

The development phase may include such activities as

• overburden stripping and placing,

• Road/trail, building and/or helicopter transport,

• drilling and trenching,

• erecting treatment plants, preparing disposal areas, and constructing services, infrastructure such as power line or generating plants, railways, water, supplies and sewerage, laboratories and amenities.

2.1. Potential environmental impacts during the development phase

The development and operational stages (extraction) magnify other environmental impacts described in the first stage above. In this stage, large areas of vegetation and topsoil are cleared, and the excavations create potential hazards that include landslides, slope failures, cave-ins, erosion and subsidence. The environment

is disturbed by many human developments. Ecosystems and other users of water are deprived by water-intensive practices, and the extraction produces noise, dust, and quantities of solid waste in the form of tailings and waste rock disposal sites (as much as 1,000 units of waste for a single unit of mineral yield).
Toxic chemicals (xanthenes, cyanides, sulphates, and so on) are used in primary processing, and some base metals are themselves toxic (lead, mercury, cadmium). Toxic and otherwise harmful gases can be released (for example, methane - a major greenhouse gas - is released in coal mining). Water quality (surface water, wetlands, groundwater and oceans) can be adversely affected by this extraction phase. Acid drainage from mines and tailings/waste dumps, toxic leaks and overflows from tailings dams or reagent ponds, leaching of metals from waste piles, and sedimentation/ erosion from de-vegetated sites and excavations can cause serious

Localized problems as well as extend for hundreds of kilometers, causing trans-border impacts on people and nature.

3.0. The mining and milling phase of mining

This stage generates even more risks to human health and the

Environment, as explained below.

• Air pollution includes direct emissions of compounds such as sulphur, carbon, nitrogen, and toxic metal particulates, indirect emissions from the fossil fuels used for energy, releases of potentially hazardous dusts and gases in the workplace, and the generation of acidic deposition (acid rain, etc.)
• Water pollution includes all of the above acidic substances; toxic and sedimentary process discharges, leaks, spills, leaching, and surface runoff. Solid and hazardous waste treatment, storage, and disposal issues multiply with the metallurgical residues.

• Wildlife and fisheries lose their habitats.

• There are changes in the local water balance.

• There is increased erosion and sedimentation of lakes and streams.

• Toxins are contained in tailings ponds or leaching solutions.

• Tailings ponds or leaching pads can be unstable and fail.

• There is the potential for acid generation from waste rock and pit walls.

• Heavy metal can leach from acid mine drainage systems.

• Cyanide solutions can be contained at heap leach operations.

• Surface water and ground water can be contaminated from the discharge of acid mine drainage, including heavy metals originating in ore and tailings, and organic chemicals and cyanide originating from milling processes.

• Alienation of land occurs as a result of waste rock piles and tailings disposal areas.

• The mine generates noise and wind-borne dust.
4.0 The smelting and refining phase of mining
The smelting and refining phase may include activities such as subjecting minerals to high heat or electro-chemical process to form ingots or bars of pure metal or alloys. On-site processing may include combination to reduce particle size, flotation using selected chemicals, gravity or magnetic separation, electrical or optical sorting, and ore leaching with a variety of chemical solutions.

Associated transport, storage of ore and concentrates may pose a handling risk, which can result in localized site contamination.
4.1. The potential environmental impacts during the smelting and

Refining phase of mining include

• Heavy metals, organics and sulphur dioxide emissions to air,

• Discharges of toxic chemicals, such as sulphuric acid and ammonia used during processing,

• Alienation of land as a result of the generation of slag, and

• High energy consumption resulting in indirect environmental impacts.

5.0. Mine decommissioning
Mine decommissioning usually occurs when the economic recovery of minerals has ceased. The overall mine decommissioning process is integrated with the overall mine operation planning process. In other words, the mine should be designed and operated with a continual focus on closure outcomes. Factors contributing to cessation of mining activities include

• Depletion of reserves that can be mined,

• Changes in market conditions,

• Changes in the financial viability of the company; or adverse environmental or political conditions.

The mine closure phase may include such activities as

• Re-contouring pit walls and waste dumps,

• covering of reactive tailing dumps,

• decommissioning roads,
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• Dismantling
buildings,

• Re-seeding/planting disturbed areas,

• Ongoing monitoring,

• Possible treatment for water
quality,

• Other mine reclamation activity, and

• abandoning the mine.
Mine decommissioning ultimately determines what is left behind as a benefit or legacy for future generations. If decommissioning and closure are not undertaken in a planned and effective manner, chances are that the site will continue to be hazardous and a source of pollution for many years to come. The overall objective of mine closure is to prevent or minimize adverse long-term environmental, social and economic impacts, and to create a stable landform suitable for some agreed purpose.
5.1. Decommissioning and closure plans.

Issues to consider in developing a reclamation plan include

• Long-term stability of impoundments, slopes, and surface materials,

• Safety issues relating
to open pits, shafts subsidence, toxic, or radiological
hazards,

• The physical characteristics,
nutrient status,
and inherent toxicity of tailings or waste rock which may constrain re-vegetation, the potential for acid
drainage from
abandoned pits and shafts, tailings, and waste rock dumps (as a consequence of oxidation of sulphides contained in the ore or wastes) the potential
for methane emissions
from coal mines, and the costs of ongoing
and post-decommissioning rehabilitation.

The socio-economic aspects of decommissioning are also important, particularly where the existence and economic survival of large communities may depend on a mine. Aside from loss of incomes, the provision of services – such as water, sewerage, electricity, and health care – may be directly linked to the mine. All these issues should be factored into post-closure plans that are adequately costed.
Planning for and progressively implementing effective mine decommissioning can produce significant benefits both during and at the end of operations. These benefits include
· continually reducing
liabilities by optimizing rehabilitation works undertaken during the productive phase of mining operations rather than deferring costs to the end of the   project
· providing a basis for
estimating rehabilitation costs
  prior to final closure so that sufficient financial and   material resources can be set aside, 

· testing rehabilitation
designs and/or
processes in a
 site-specific fashion and allowing for scrutiny of the   outcomes, with feedback during the active mine life,

· Reducing double-handling of
waste materials and topsoil,

· reducing the
area of
land disturbance by using smaller waste landforms and mining paths, and in some circumstances progressive backfilling,

· • identifying areas of
high risk as priorities for ongoing research and/or remediation,facilitating the direct involvement of operations personnel in achieving mine rehabilitation outcomes, facilitating the involvement
of key stakeholders (especially local communities) in setting priorities for mine rehabilitation,
· reducing the ongoing responsibilities for the site and facilitating timely relinquishment of tenements and bond recovery, and

· Easing the impact on
local communities that may be economically reliant on the mine. 
5.2. The potential environmental impacts during the mining decommissioning and closure phase of mining include

· Seepage of toxic contaminants, such as heavy metals, into surface and ground water from acid mine drainage, wildlife and fisheries habitat loss, Alienation of land; re-vegetation failure, Wind-borne dust, and Slope and tailings impoundment failure, causing discharge
  of contaminants and sediments to water.

6.0. Abandoned mines

There are many thousands of former mining sites that continue to pose a real or potential threat to human safety and cause health and/or environmental damage in many areas. This is considered a negative legacy of the mining industry and is important because it both demonstrates a lack of care and planning in past practice and adherence to regulations that were inadequate because of the lack of detailed understanding.
In general, the presence of abandoned mines negatively influences public perceptions of the industry. Generally, abandoned mines are sites where advanced exploration, mining or mine production ceased without rehabilitation having been implemented at all or without its completion. According to the UNEP working paper on abandoned mining some elements that contribute to the legacy of abandoned mines include: Regulation – few governments had mine reclamation policies and regulations until the latter part of the twentieth century. Nothing was in place to provide governments with financial security if a mining company was declared bankrupt and was unable to cover the costs of rehabilitation. Ineffective government enforcement, usually due to a lack of capacity, also contributed to the number of abandoned mines. Governments control the permitting system and have a duty to keep updated records and ensure that operators do not abandon operations irresponsibly
Loss
of mine data –
information that was not well stored.
  The loss of data may be due to a disaster or unscheduled   closure.
Local
political problems – in some regions,
political problems led to the unscheduled closure of a number   of mines. For example, the Kilembe
copper mine in Uganda
  was abandoned in the early 1980s due to political unrest.   The Bougainville mine in Papua New Guinea was aban- doned in 1989 due to a landowner rebellion
Small
scale
mining
–
the
uncontrolled
occupation
of mine
  sites by artisanal or illegal miners has occasionally led to a   site being abandoned. Since abandonment is usually sudden and unplanned, or the mining company has gone out of business, governments are often left responsible for mine closure and rehabilitation. According to the UNEP working paper on abandoned mines, the closure and rehabilitation costs “must be directly or indirectly born by the State. As such the abandoned mines represent not only a major liability for the government but for the affected communities, adjacent areas and society at large: the latter must ultimately bear the financial burden of ensuring appropriate closure.
6.1. Physical considerations
Some abandoned mines present only physical concerns. These concerns include public health and safety, visual impacts, stability issues and dust problems. Accidents related to vertical openings or deteriorating structures are the most common cause of death and injury in abandoned mines. Lethal concentrations of explosive and
toxic gases like methane, carbon monoxide and hydrogen sulphide can accumulate in underground passages. It is also possible to
encounter pockets of oxygen-depleted air in such workings. 
Rock falls and cave-ins from adits or pit walls can be a safety hazard. Unsafe structures include support timbers, ladders, cabins and other related features. These may seem safe but due to weathering they may easily crumble under a person’s weight. Sometimes unused
or misfired explosives
are triggered. Many abandoned mines become flooded and shallow water can conceal other hazards like tunnels and sharp objects.
6.2. Environmental considerations
Abandoned mines and associated features can have a detrimental effect on soil, water, plants and animals. The extent of the effects is not fully known because inventories are incomplete and some abandoned mines are still being evaluated. Generally, the common environmental consequences associated with abandoned mine sites include altered landscape, unused pits, shafts and adits, land no longer useable due to loss of soil or soil contamination, spoil heaps covering the land, abandoned tailings disposal facilities, contaminated aquatic sediments, subsidence, derelict works sites with compacted and polluted soil, burning coal waste dumps and workings, and changes in vegetation.
6.3. Socio-economic considerations

The most important socio-economic concern caused by abandoned mines is the loss of employment and business activities in the community, due to the unscheduled closure. The other socio-economic considerations of abandoned mines mostly arise from the physical and environmental considerations. These include the safety hazards caused by abandoned mines that usually result in the loss of lives. The physical impacts of abandoned mines like slope stability, contamination of soils by acid drainage, and other metals released from waste piles usually cause the loss of productive land.

Disturbed lands and unprotected slopes are susceptible to erosion. Uncontrolled surface drainage and subsidence can remove soils and may make large areas unstable. Abandoned mines are often used for the dumping, both legally and illegally, of industrial and household waste, which adds to the problems with contamination.
6.4. Financial implications

Funds are required for the rehabilitation of abandoned mine sites. The questions when dealing with abandoned mines include who provides these funds, what mechanisms exist in various jurisdictions to raise these funds, and who is ultimately responsible for the rehabilitation work and the long-term care of the sites?
In some cases, governments are forced to take on the task of rehabilitating abandoned mines when there are no identifiable owners or if the owners have no funds to pay for rehabilitation. In some countries, legislation may be designed to fund the rehabilitation of abandoned mines. The costs are affected by the lack of agreed criteria as to what conditions need to be mediated and what the goals of rehabilitation should be.

Mine closure legislation can enable the regulating authority to control and prevent operating mines from becoming abandoned mines by setting up funds for rehabilitation. The cost estimates to rehabilitate abandoned mine lands are very uncertain. In 2004, Mining and Mineral Sustainable Development report (www.iied.org/mmsd) estimated that between US$32.7 billion and US$71.5 billion would be needed to reclaim the 557,650 abandoned mines they listed in the USA. The biggest cost range was associated with 14,400 mines where surface water contamination was estimated to cost between US$14.4 billion and US$43.2 billion. The Canadian Institute for Environmental Law and Policy estimated in 1999 that it would cost more than C$3 billion to rehabilitate the more than 5,000 abandoned mines in Ontario.
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                              An example of tailing failure accident is explained below:

In January 2000, a tailings dam at the Baia Mare mine in Romania split open, releasing more than 100,000 tons of wastewater laden with cyanide and heavy metals into the Tisza river, and eventually into the Danube. The spill killed 1,240 tons of fish and contaminated the drinking water supplies of 2.5 million people. Faced with skyrocketing cleanup costs and only
partially covered by its insurance, Esmeralda Exploration Ltd, the Australian company that held the principal interest in the mine, went into a form of bankruptcy to protect its shareholders. Unfortunately, the citizens of the countries affected received no such protection.  
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                                                                                                                    Baia Mare,
                                                                                                                     Romania. 
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	Session Title:Session-4 Mining phases with their associated Environmental Impacts and the suggested mitigation

	Sno
	Mining Phase
	Environmental Impacts
	Mitigation

	1.


	Exploration
	Land alienation
	Uses of waste as backfill in underground mine.

	
	
	 Disruption of habitat and harvesting and fishing activities 
	Minimize line width, revegetation where necessary.

	
	
	Pollution of water sources
	Good maintenance of machinery, management of waste.

	
	
	Deforestation
	Re-vegetation.

	2.
	Development  of mining
	Large areas of vegetation and topsoil are cleared
	Reclamation by backfill of depression with waste rock, replacement of top soil, revegetation

	
	
	Slope failures, cave-ins, erosion and subsidence.
	Reclamation, infill with mine waste stabilized with cement; revegetation.

	
	
	Quantities of solid waste in the form of tailings and waste rock disposal sites
	Treat poor quality water before discharge.

	
	
	Airborne dust
	Spraying with water

	
	
	Toxic and other harmful gases
	Requires sound engineering design,continous monitoring and verification of dam stability.

	
	
	Acid  mine drainage
	Neutralization with lime;use of manmade wetlands (densely planted reed beds to neutralize acidity and precipitate metals) if small volumes are involved.

	3

.
	The mining and milling


	Air pollution includes direct emissions of compounds such as sulphur, carbon, nitrogen, and toxic metal particulates, indirect emissions from the fossil fuels used for energy, releases of

Potentially hazardous dusts and gases in the workplace, and the generation of acidic deposition (acid rain, etc.)
	Installation of filters on stacks. Conversion of recovered sulphur dioxide to sulphuric acid.

	
	
	Water pollution includes acidic substances; toxic and sedimentary process discharges, leaks, spills, leaching, and surface runoff. Solid and hazardous waste treatment, storage, and disposal issues multiply with the

metallurgical residues.


	Line the tailings dam, seepage trenches.

Recover effluent for recycling .treat process water (e.g. cyanide destruction) before it is released into tailings dams.

Maximize use of recycled process water.

	
	
	Surface water and ground water can be contaminated from the discharge of acid mine drainage, including heavy metals originating in ore and tailings, and organic chemicals and cyanide originating from milling processes.


	Line leaches pads. Design of closed circuit to recycle leaching solutions. Treatment of waste solutions to break down cyanide.

	
	
	The mine generates noise and wind-borne dust.
	Revegetation.

	4
	Smelting and

refining
	Heavy metals, organics and sulphur dioxide emissions to air,
	Installation of filters on stacks. Conversion of recovered sulphur dioxide to sulphuric acid.

	
	
	Discharges of toxic chemicals, such as sulphuric acid and ammonia used during processing,


	Chemicals handling, storage and disposal procedures.

	5.
	Mine closure
	Seepage of toxic contaminants, such as heavy metals, into surface and ground water from acid mine drainage,
	Line the tailings dam, seepage trenches.

Treatment of process water before damming.

	
	
	Alienation of land; re-vegetation failure,
	Uses of waste as backfill in underground mine

	
	
	Wind-borne dust
	.Revegetation.


EXERCISES
Question 1.

Discuss nine Socio-Economic Impacts of Mining.

Question 2.
What causes abandoned mines and what are their subsequent consequences? 
Question 3.

What are the drivers of environmental problems in the following mining cycle?

-Exploration,

-Development phase of mining,

-Mining phase,

-Beneficiation and 

-Mine closure
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