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1. Introduction

Open cast coal mining and coal processing facilities are often met with intense opposition from environmental activists and residents local to such facilities. As coal mining and processing facilities can be incredibly disruptive to the local population and environmentally harmful due to the significant noise and air pollution that can be generated, it is important that the negative affects of pollution created by such a facility are carefully managed. Air quality management can be considered the control of emission output in regards to amount, time, and location in order to meet the required air quality standards. Utilising pollution management options effectively in order to reduce the potential harmful effects of operating a coal mine can be considered the key to securing the required permission from the local authority for the commissioning of the facility. Reducing the negative environmental and social impact of a coal mining and processing facility as effectively as possible can also be considered a moral responsibility. The environmental impact of a coal mining facility depends on the scale and concentration of the operation, the method of mining utilised and the specific geological and geomorphological characteristics of the site in question. Harmful air pollution in the form of particulate matter and gaseous pollutants as a result of a variety of mining and coal processing activities can be controlled using a variety of methods, as will be discussed further in this report. As with any large scale environmental engineering related project, the most effective engineering solutions to the problem should be deliberated by considering how the unique characteristics and aims of the project in question align with the strengths and limitations exhibited by the different technologies and pollution control methods available. In this report the suitable methods for dealing with air pollution from an open cast mining operation will be discussed in addition to the relevant air pollution control methods surrounding a coal treatment and processing facility.



2. What forms of air pollution need to be managed at an open cast coal mining and processing facility?

In order to evaluate the types of pollution control methods that can be utilised, firstly, the forms of air pollution and the source of each form of air pollution that can be expected needs to be established. Firstly, in an open cast coal mining operation, typically a large amount of ground needs be to excavated and moved before the coal deposits can be utilised. This requires the use of industrial machinery such as excavators, conveyor belts, loaders, transporters etc., this results in a significant discharge of particulate matter consisting of the overburden materials that were excavated. Typically this form of air pollution can be considered to consist of larger scale particulate matter i.e. (dust). This dust is likely to consist of oxides of silicon, iron, aluminium and some calcium compounds. 
 Under normal operating conditions air pollution in the form of particulate matter can be expected to be continually produced due to processes such as excavation, loading, unloading, transportation, stock piling and size reduction. (Ghose & Majee, 2001). Respirable particulate matter (RPM) is of particular concern as this form of particulate matter causes significant health risks in the form of respiratory disease for mine workers and residents local to the site. Air pollution from coal mining and processing activities can be categorised as fugitive or point source emissions. Point source emissions are generally emitted through an exhaust or stack from a single source whilst fugitive emissions are generally as a result of the physical handling of coal and the surrounding roads. Fugitive emissions from coal processing activities can depend on the method of coal processing utilised at the site. Whilst coal processing reduces the overall environmental impact of using coal due to reducing the potential for harmful air pollutants to be produced in its combustion, these processes also release some air pollutants when carried out. Physical coal cleaning processes have the potential to emit air pollution in the form of particulate emissions, sulphur dioxide (SO2) and coal dust. Chemical coal cleaning processes can produce nitrogen oxide (NOX), carbon monoxide (CO) and fine particulates, mainly through the thermal drying process. (Vamvuka, 1999). Ambient concentrations of heavy metals in the areas surrounding open cast coal mines have also been observed to be above average levels. According to Bhanu Pandey et al, the mean concentrations of heavy metals in PM10 were found in the order of Fe>Cu>Zn>Mn>Pb>Cr>Cd>Ni around a coal mine in Jharia, India. (Pandey, et al., 2014)


[image: Jharia coal fires]Figure 1: An open cast coal mine in Jharia, India. Dusty conditions exacerbated by burning pits and hot, dry weather conditions led to drafts of air polluted with particulates affecting people living in and around the town (Mukherjee, 2013)

 
2.1 Planning of air pollution management strategy

In order to successfully evaluate the most suitable air quality control options available, an air quality  management strategy should be considered. By specifying the air quality standards required in order to consider the emission control tactics as successful, along with understanding the type of air pollution that needs to be controlled, an appropriate set of emission control tactics can be devised. Work zone air quality monitoring stations can be utilised to continuously measure air quality throughout a mining and coal processing facility in order to ensure that the required air quality in areas around the facility meet the required standards. This ensures the safety of employees and residents surrounding the site is always considered in addition to monitoring the efficacy of any air pollution control strategies that are in use throughout the operation of the facilities. If air quality standards are not being met during the sites operation, further analysis into the pollution control strategies can be made and any changes to the control tactics that may be required can be evaluated. In Wales the Medium Combustion Plant Directive (MCPD) applies not only to plants that combust fuels, but to certain waste and industrial processes such as coal mining and processing plants. This means that hefty fines can be applied to industrial operations that do not meet the strict requirements for emissions of sulphur dioxide (SO2), nitrogen oxides (NOx) and dust into the air. Failure to comply with Emission Limit Values (ELV’s) can lead to legal action and the potential for fines. Failure to address the excessive pollution at a site to below the ELV’s can result in the permit for site being revoked. (Natural Resources Wales , 2018 )

Figure 2: Stages involved in the air quality management strategy (Ghose & Majee, 2001)
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3. What measures can be taken to manage particulate air pollution from open cast coal mining?

The principle air pollution management measures for an open cast mining operation deal with reducing particulate matter in the form of dust and RPM, these solution control strategies can be considered preventative or suppressive. Particles within the size range of 0.1 to 30 micrometres in diameter are referred to as total suspended particulate matter (TSP), particles with a diameter of 10 micrometres are called respirable particles (PM10) and fine particles (PM2.5) are defined as particulate matter with a diameter of 2.5 micrometres or smaller as recorded by a particulate recording device.
Operation of heavy machinery in addition to the handling of coal during processing operations in surface mining often contribute to a substantial portion of the emissions of fugitive dust. Sources of fugitive dust from mining operations include;
· Drilling
· Blasting
· Bulldozing 
· Digging & loading 
· Hauling
· Dumping 
· Crushing
· The haul road 
· Stockpiles 
· Waste rock 
· Unprotected open surfaces 
By careful management of these sources of fugitive particulate emissions and the risk that they pose to employees and local residents, significant reductions on the environmental and social impact of an open cast coal mine can be achieved. (Lashgaria & Kecojevic, 2016)























3.1 Management of particulate emissions caused by transportation

A significant proportion of particulate pollution can be caused by the transportation of coal from the site itself. A preventative control strategy for pollution from this source would be through careful planning of site access. If the site is within relatively close proximity to residential areas, designing access roads so that they divert as far away from residential areas as possible will reduce the level of particulate pollution directly transferred to these areas, reducing the risk to the local population. Access roads should also be tarmacked and well maintained as gravel and loose dirt roads can be a major source of dust and particulate pollution, especially when used frequently by heavy machinery. Exposure to fugitive emissions in the form of dust along access roads to open cast mines can be a significant health risk for the drivers of transportation vehicles. Some researchers have published models that attempt to predict  where the peak of fugitive dust emissions will be from haul roads with the aim of understanding how the risk of exposure for truck drivers can be reduced. According to the studies of Organiscak and Reed, the average and instantaneous peak dust levels occurred at a distance of 30.5 m on haul roads, this suggests that control on the following distances of transportation drivers should be implemented to reduce the peak levels of dust produced and the risk of exposure for the drivers. (Organiscak & Reed, 2004). Transportation vehicles should also be equipped with a pressurized cab and air filtration system to protect the health of the drivers. An intake air filtration system might consist of a pleated paper element or foam filter aided by a small fan that maintains air flow through the intake and circulation system. (Garcia, et al., 1999)

Figure 3: An open cast coal mine in Merthyr Tydfil, South Wales (Friends of the Earth , n.d.) Loose gravel access roads in close proximity to residential areas increase the risk of particulate polluted air affecting local residents, particularly on hot, dry and windy days.
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Application of water or hydroscopic compunds to haulage roads, mine floor and intake roads can help to control the generation of respirable dust. The moisture content of the haulage floor should be approximately 10% according to Organiscak and Reed in order to control the transfer of fugitive dust. Hydroscopic compunds such as calcium, magnesium chloride, hydrated lime and sodium silicates can help to maintain road surface moisture by extracting moisture from the air. Organiscak also recommends the use of surfactants such as detergents to dissolve in the water used to maintain haulage road moisture as they reduce the surface tension of the water, allowing for the water to transfer moisture to more particles per unit volume, therefore increasing its efficacy. Wetting the coal product before it is loaded for transport can also help to control particulate emissions as less dust will be generated as the coal is transferred from vehicle to vehicle.

3.2 Management of fugitive particulate emissions resulting from mining activities

Crushing of coal can generate a large quantity of fugitive particulate emissions, below are a few techniques that can be applied to reduce the generation of fugitive dust from coal crushing;

Enclose the crusher/stage loader;

By enclosing the coal crushing and loading units the dust emissions generated can be held within a confined area, away from workers and the surrounding environment. This can be achieved by constructing steel plates and/or foam along the crusher and loading units to stops the fugitive dust from entering the atmosphere directly. In addition to this ,strips of belting can be utilised at the crusher inlet and outlet to trap dust from escaping the crushing area.

Wetting the coal product in the crusher and stage loading area:

By wetting the coal at the inlet and outlet of the crusher, this prevents fugitive dust emissions from entering the atmosphere. Water can be sprayed evenly across the coal at low pressure using full cone sprays.

Figures 4 & 5: Diagram of an enclosed coal crusher and stage loading system with built-in water sprayer system (left). Diagram of an enclosed coal crusher and stage loading system with a water powered scrubber installation (right).  (Jay F. Colinet, 2010)
[image: ][image: ]
















Use scrubber technology:

By installing a high pressure water powered scrubber, spraying water at pressures exceeding 1000 psi through a tube can encourage air flow through the tube, capturing dust that is dragged in with the airflow. A scrubber installed above a crusher system can help to manage the generation of fugitive dust emissions.








Drilling at open cast mines can also be a significant source of fugitive dust emissions, there are a number of methods that can be utilised in order to control the generation of this form of air pollution during the drilling process.

Air blocking shelves and dust collectors:

By installing shrouds around surface mine drills the significant quantities of respirable silica dust generated can be controlled. Rotary drilling operations can utilise wet drilling techniques, this can be an effective method to reduce the dust generated by the drill, however this requires a continuous supply of water. Wet drilling techniques may not be practical on sites where the temperature may regularly drop to below 0 degrees centigrade as this puts the system at risk of freezing. Wet drilling systems can also compromise the strength of the drill bit due to excessive bearing wear and hydrogen embrittlement. Dry collection systems can also be an effective method of managing the dust generation. In general terms a dry collection system functions by using compressed air to push the deposits generated by the drill bit through an inlet duct into a collector tank. A fan exhaust at the top of the collection tank is used to pull the polluted air and deposits from the drill shroud into the collection tank where it can be filtered.


Figure 6: A diagram of a drilling dust dry collection system.

(ZHENG, et al., 2018)
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There are a variety of dust collection technologies available, most suitable type of collection technology would depend on what source of fugitive dust is being collected and the form of particulate matter being collected. Some of these technologies include:

1. Gravity separators (drop-out boxes). 
2. Centrifugal collectors or cyclones. 
3. Baghouse collectors. 
4. Cartridge collectors. 
5. Wet scrubbers. 
6. Electrostatic precipitators (ESPs). 







As the coal mine in question is open cast in nature, wet scrubbers, baghouse collectors and cartridge collectors should be considered for application in the collection of dust from the mining and coal processing activities. Some of the alternative dust capturing technologies, such as centrifugal collectors, would be more applicable for applications in air recirculation systems in underground mining facilities. Dust collection systems can be utilised not only for drilling, but across other open cast mining activities such over conveyors.

Figures 7 & 8;

A dust collector system in use over a conveyor belt that utilises filtration cartridges to remove dust from the air. (Camfil , 2020)
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3.3 Additional abatement methods concerning the spreading of particulate emissions

In addition to utilising technology that allows for the abatement of fugitive particulate emissions through regulating the moisture of the coal and surrounding areas whilst utilising dust collector systems, coal stockpiles should also be contained so that wind exposure does not lead to the generation of coal dust during its storage at the facility. Another method of controlling the transfer of particulate emissions from the mining facility to local areas is through air pollution control by the plantation of trees. By designing a green belt around a large scale open cast mining facility, this can protect the surrounding areas from the effects of particulate emissions. According to Maiti and Banarjee, plants can act as a form of filtration for particulate emissions. According to their studies, an 8m wide green belt separating a mining facility from roads and built-up areas can reduce the dust fall in these areas by 2-3 times. Their studies suggest that evergreen plants are the most effective for preventing the transmission of dust. Further recommendations are that trees should be planted in beds arranged perpendicular to the prevailing wind, in a concentric layout and using trees varying in height. 
(Maiti & Banerjee, 1992). 


4. Gaseous emissions that can be managed during mining activities

A potential source of toxic gaseous emissions in an open cast mining facility is during the use of explosives in blasting operations. Explosives can be detonated in blast holes in order to reduce the amount of time that it takes to remove the overburden soil sitting above the coal. Under ideal conditions the primary gaseous emissions released during the explosive detonation process consist of carbon dioxide (CO2), water vapour (H2O) and nitrogen (N2). However, in some cases significant generation of highly toxic gases can occur due to factors such as moisture or mineral matter in the blast hole changing the chemical reaction. In some cases high levels of carbon monoxide (CO) and nitric oxide (NO) can be emitted. (Pandey, et al., 2018). Whilst the emission of gaseous pollutants such as methane (CH4) during open cast mining cannot necessarily be controlled as exposing the coal reserves leads to the release of gases stored under the ground, the emission of gaseous pollutants caused by blasting operations can be controlled either through avoiding the blasting process entirely, or through careful planning of all blasting operations to reduce the risk of toxic gases being generated. 




5. Recommendations

Before starting work at the site a pollution management strategy should be produced. Careful consideration surrounding the proximity of the site to residential areas should be made by the pollution management and site planning teams. As the site has been bitterly opposed by local residents, measurements of air quality across surrounding areas can be expected to be carried out fastidiously in an attempt to prove that the facility does not meet the strict air pollution requirements set out by Natural Resources Wales. In order to combat this site access roads should be designed to avoid residential areas as much as possible whilst the plantation of a green belt surrounding the site should be completed before mining activities occur in order to prevent the spreading of particulate emissions through surrounding areas. Continual air quality monitoring should be taking place during the sites operation in order to understand whether abatement measures are functioning successfully. Fugitive dust emissions tend to be the major source of air pollution at open cast coal mine and processing plants, therefore efforts should be targeted at reducing the emissions of fugitive dust. Wetting of access roads, mine floors and the coal product itself during its transportation and processing should be taking place to mitigate the risk of fugitive dust emissions. A dry dust collector system should be in use when drilling and a dust collection and filtration device should be in place on any coal conveyor belts. The coal loading and crushing area should be carefully enclosed, whilst coal should be wetted before crushing. A scrubber system should also be installed above the coal crushing area to further remove particulate emissions. Gaseous emissions can be more challenging to control in an open cast coal mine, however, the risk of emitting toxic gases during the blasting process must be considered. As the mine in question is set to be located in Wales, a country with a wet and temperate climate, the risk of moisture entering blast holes and increasing the risk of dangerous gases being emitted during explosions could be considered very high. With this in mind, blasting should be avoided when possible.
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