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Open cast or surface mining differs from conventional mining opposed to conventional mining where tunnels are dug underground, creating large exposed mining pits that remain long after the mineral has been exhausted. Open cast mines are often under controversy for several reasons such as the disturbance to ecological systems, producing harmful pollutants but mainly its effects on the miner’s health produced by particulate emissions (Beynon, et al., 1999).   
The emissions present reasonable concern due to their potential to cause serious harm to health. The nature of open cast mining allows particulate matter into the atmosphere. From drilling to blasting and the transportation of coal produces large amounts of particulate matter varying in size. Particulates range from 50 microns to below 1 micron. In the spectrum between 50 and 30 microns the settle in close proximity to the point of emission. Particulates ranging 30 to 10 microns have a limited duration in which they are suspended in the air and when do not cause significant harm to health as they are often trapped in the mouth or nostrils. Particulates under 10 microns however can pass through the mouth and nostrils and access the respiratory system (Patra, et al., 2016). Several health case-studies have been conducted on mining workers, determining that that they have increase rates of diseases due to the inhalation of particulate matter. The most common diseases associates are asthma, pneumoconiosis and many other diseases that attack or scar the lungs.  
During the mining process or coal, naturally occurring pockets of gas can be found underground. These pockets of contain gases such as methane. A study conducted in India presented the increase of methane emissions over previous decades in relation to increasing mining activity. The study demonstrated how methane emissions raised from 0.06million tonnes to 0.4 million tonnes from 1951-1991 and is expected to continue to increase (Banerjee, et al., 1994). Mining operations are approximated to produce 64 % of the world’s methane emissions (Karacan, et al., 2011). Methane presents a very dangerous and harmful gas. During mining, drilling or blasting near theses gas pockets can become explosive and endanger lives. Furthermore, methane itself is a greenhouse gas that is estimated to be 21 more times more greater than carbon dioxide at contributing to global warming (Simpson, 2020).
As part of the introduction of a new coal mine into the town of Llanbacol, Wales, it has sparked concern regarding noise pollution and particulate emissions, and many protested the its opening. However, permission to open the new coal mine was granted but requires a detailed action plan to limit noise and particulate emissions. This assignment tackles the gases and particulates that are released during the mining process as well as coal processing operations. The aims of this investigation are to analyse the different techniques used in industry to reduce or control these emissions from causing harm to humans and the environment. Once the techniques have been analysed, they then will be evaluated to determine the appropriate emission control technologies than can be introduced to reduce particulate emissions at the new mining site in Llanbacol.
[bookmark: _Toc41171940]Analysis of emission control techniques
As previously expressed, mining operations produces emissions in various forms including forms such as acidic gases, non-acidic gases and particulate emissions. These emissions can be dangerous to the environment as well as health. The process of mining operations conducts numerous processes. From mining itself to transportation of the raw material and its processing at designated sites. Within the process of coal, it goes through a series of processes such. Specific techniques or technologies are can be incorporated at each of these processes to reduce all forms of emissions from becoming hazardous or airborne.  These techniques are used to safely remove gases as well as using chemical and physical means of reducing airborne dust particulates. 
The ability to control methane produced by coal mines is not only beneficial in terms of the miner’s safety and the greenhouse emissions, it can be made valuable by extracting it and put to use, such as burning as a fuel to produce energy on site. The removal of methane and other gases, known as firedamp, is an issue across mines worldwide. Although it is considered more of a problem in deep mines it is still a cause for concern in open cast mines. The use of boreholes to release firedamp can be split into two categories, pre-drainage and post-drainage. Pre-drainage consists of drilling boreholes into the undisturbed face of the area of coal to be extracted. These boreholes act as funnels to contain and direct the gases in a controlled manner. The efficiency of this technique is determined by the permeability of the rocks and soil. Post-drainage utilises boreholes during or after mining operations have been conducted (European Environment Agency, 2019). These act in the same way in which pre-drainage systems work allowing the release of gases within the coalface which can collapse during further extraction or the safe removing the firedamp when the site is decommissioned.  
To reduce contaminants being produced by coal by the end customer, as part of the mining operations the coal undergoes desulphurization, the process in which sulphur is removed from the coal.  Coal that contains a high sulphur content has been discover when burnt can produce sulphur dioxide. Sulphur dioxide is a dangerous substance which can cause acid rain (Speight, 2016). In modern day coal powered units have flu gas desulphurization technology in place. However, desulphurization prior to burning is considered more cost effective but the combination thoroughly ensure a clean burn by the coal, preventing the formation of sulphur dioxide (Xia & Xie, 2017). To achieve desulphurization the coal undergoes a chemical process as it is more effective over the physical and microbial process than can be used as it removes organic and inorganic sulphur. Chemical process uses various techniques to remove the sulphur from the coal. These techniques include acid or alkaline leaching, microwaves and by oxidation (Fan, 1984).   
[image: ]Dust collectors operate through a series of processes to filter the air during coal processing. The dust contaminated air is pumped into a dust collector from the coal deposited onto conveyor belts and passes through a crusher. Within the dust collector the larger material is deposited onto a conveyor belt for collection shown in figure 1. The air containing finer dust particulates proceeds into a baghouse. Within the bag house the air is forced through a series of filters to remove these finer particulates. Throughout the process a series airlocks are used to deposit the bulky particulates and ensuring the dust contaminated air flows through the whole process (Aerodyne Environamental, 2020). 

Figure 1 (Dust collector (Aerodyne Environamental, 2020))
Similar to dust collects, wet scrubbers can also extract dust but also serve as a process to remove toxic gases. Air is pumped from the coals processing containing these emissions. A scrubbing liquid is prayed to create droplets to capture the particulates within the system. As the air passes into the first scrubber the majority of the dust particulates are captures and half of the gases. A second scrubber is more efficient at absorbing the toxic gases within the air and remaining dust particulates. To only expel the treated air a mist eliminator is required to enable to contain the liquid within the system to be treated. The liquid is collected, treated and recirculated around the scrubber (Afework, et al., 2018). 
Wet or mist drilling is the techniques used during the mining of coal process to limit the production of dust at the source of dust. A Steam of water or fine mist is subjected to the location where drilling is taking place. The wet drilling captures the dust before it can become airborne and drains onto the mine floor. Mist drilling has shown be produce the same results of wet drilling but seen as a more desirable control measure due to the difference in volume of water required (Department of Health and Human Services, 2003).
An effective measure to reduce human contact with particulate emissions is to manage vehicle movement around site. The movement of these vehicles disturbs the settled dust particulates. The dust is able to become airborne for a period of time before settling again in which duration can cause harm to miners. To add control measure to vehicle activity would be to position road system away from workers so that the dust that is created is at locations where it can reduce harm. The timing in which vehicles can operate on site can also alleviate harm to workers by operating at hours where miners or not on site or currently away from that activity to maintain a safe distance from areas of increased dust particulates. Another measure to control dust emissions from vehicles is using road wetting systems. A road wetting system can be used continuously or prior to vehicles passing to prevent the dust from becoming airborne by containing it within water droplets that weight the dust particulates down where they cannot cause harm (Colinet, et al., 2010).   
As mentioned, previous wetting systems have been used to reduce dust particulates. This can be applied to the several other processes the coal undergoes as it is processed for use. The coal can be wetted when it’s in a conveyor belt and during the crushing process. As it undergoes through these systems as it is moving it still has the ability to create more dust, so a continuation of water spraying systems continues to reduce dust production (Department of Health and Human Services, 2003). 
[bookmark: _Toc41171941]Evaluation 	of managing particulate emissions
As part of the introduction to this new mine in Llanbacol it is required to present the appropriate particulate emission control techniques that will be utilised. There is no single method in which will eliminate he dust particulates produced by open cast mining. However, the application of several techniques undertaken at different processes of the mining operations would prove most efficient. 
To first evaluate particulate emissions, it is makes sense to look at the events in chronological order where the dust particulates source originates from. Dust particulates are first produced at the point where coal is mined. Wet or mist drilling is less likely to needed in an open cast as the majority of workers operate vehicles and large equipment than that of workers in underground mines who work more hands on. Since workers are shielded inside during operation and the scale of vehicles wet or mist at the source of mining would prove unnecessary and also be difficult to produce on the volume air the water/mist would need to cover. In open cast mines the mining process is removal of the coal after blasting has taken place. To limit exposure of high concentrations of dust particulates due to the blasting, workers do not recommence work at until the dust is given time to settle (Department of Health and Human Services, 2003). Another option to contain the dust at the source of mining is to inject water into boreholes drilled into the coalface to wet the coal prior to mining. This application can reduce the dust reduced by up to 50% from the source. However, this application is rarely conducted due to the associated costs.    
Following mining, coal needs to be transported from the open cast mine to the location of processing. Vehicle movement and timings should be considered. By veering transportation away from other workers where possible and doing so at times of low production were none or less employees are working would limit their exposure to the dust particulates turned up by the vehicles. Not only does it limit their exposure but prevents the need for more advanced control measure to put in place if workers are physically distant from the point of emissions. At locations where vehicles come in close contact with employees such as loading and unloading the coal, road wetting systems would serve as a suitable measure. Since the emissions are not in an enclosed environment, they present difficult to control using the various emission control techniques available. Road wetting is a simple yet effective measure to ensure dust is unable to become airborne, limiting its potential to cause serious harm to health. 
Once the coal has been unloaded onto a convey belt to be sent to be crushed there should be water spraying systems in place to prevent the dust being produce by the coals movement during its transportation. For this to perform as effective as possible it should be ensured that the conveyor belt is maintained regularly. The belt should be cleaned to remove coal deposits and dust that remain which then cannot become airborne once they dry out. This can be accomplished in the form of a rotary wire brush than cleans the conveyor belt continuously during its operation (Colinet, et al., 2010). 
During the coals transition on the conveyor belt dust collectors should be used. Proceeding the wetting of coal dust particulates are still present. To further reduce particulates dust collectors should be used in combination to filter the air. This process collects the bulky particulates as well as the finer particulates in a baghouse. Likewise, the dust collector system should be thoroughly maintained, this would include cleaning and replacing the filters in the baghouse to ensure the air that exits the outlet does not contain particulate matter. The application of the dust collector can also be mimicked by wet scrubber. If wet scrubbers were to be used as a replacement for a dust collector, since they can be split up into several categories so it would be recommended that particulate or dust scrubbers should be used. Although scrubbers within a single system can remove particulate matter and gases from the air stream, they tend to be more efficient at one process than the other and under these circumstances it would be more desirable for the wet scrubber to eliminate dust particulates due to their abundance and health related concerns (Pollution systems Industrial Air Systems, 2020).
Several of these emission control methods utilise water based spraying systems in order to contain the dust particulates from becoming airborne. Within these systems it is important to recognise that there are different types of spraying systems that can be used. These consist of different nozzle types which determine the rate of which water can flow are well as how the water is dispersed. Some scenarios require less water than others so the appropriate nozzle should be used (Zhou, et al., 2020). To aid the water, surfactants can also be added to increase the efficiency of the water. Surfactants reduce the surface tension of water; this enables it to increase its wetting properties and creates finer droplets of water to make contact more dust particulates suspended in the air. 
Water is used in many of these systems as a simple yet effective solution to control particulate emissions. However, it is important to acknowledge that as a result of using these large volumes of water, there are other numerous other mineral that have been exposed to the water which can be deemed harmful. This results in large quantities of wastewater which should be treated. 
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