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Synopsis 

In South Africa coal is the dominant source for power generation and a primary source 

of energy and this has resulted in the current intensive mining of coal mostly in 

Mpumalanga, where 83% of the coal mines are located. This strong dependence is 

likely to remain at least for the next two decades due to the lack of suitable alternatives 

according to the Department of Energy. One of the challenges associated with coal 

mining is dust emission from coal mining areas and waste facilities, which has 

significant negative impacts on human health and the environment. The sources of 

dust emission include ash dumps, coal stockpiles, discard coal, overburden, drilling 

and blasting and transportation and handling operations. This study was focused on 

identifying and mapping ash dumps, coal stockpiles and discard coal as sources of 

dust emission, evaluating the risk to communities and the environment and creating a 

risk map. And this was done by using remote sensing data in combination with 

meteorological data. Under remote sensing, two mapping techniques were considered 

to map the land surfaces which are sources of dust emission; supervised classification 

using Random Forest in R-project and Raster calculations. The Nkangala district in 

Mpumalanga was the study site for this research project as more that 75% of the coal 

mines are located in this district. 

Of the two different mapping techniques considered, supervised Random Forest 

classification had shown its ability to accurately identify and represent the land 

features on the ground more accurately compared to the raster calculation technique. 

The supervised Random Forest classification could distinguish between ash dumps, 

coal stockpiles and discard coal and also between coal mines and other types of 

mining such as silica mining. The raster calculation approach however failed to 

distinguish between the above-mentioned features. The supervised Random Forest 

classification was thus used as the final mapping technique for this study. The chosen 

technique produced a map showing the location of coal mine operations in the 

Nkangala district. The communities were also evaluated in terms of the population 

density and their distance from the coal mines. High dense population communities 

were considered for the assessment of coal mining impacts. Meteorological data which 

in this case was the wind characteristics, was evaluated in terms of its speed and 

direction. It was discovered that the prevailing wind direction blows from the west, 

north west, north and the east and for longer periods during the month of August and 

September. This meteorological data is incorporated with the map produced to identify 

the extent and where the dust particles are likely to be deposited and therefore identify 

high-risk areas requiring mitigation and management measures. 

The use of remote sensing in conjunction with meteorological data was essential in 

assessing the potential impact and extent of coal mine waste and provided relevant 

information that could be used by the government and coal mines to efficiently control 

and manage the coal mining operations such that dust emissions could be lowered. 

This is essential for the welfare and safety of environment and society at large.  
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Glossary 

 

 

 

 

 

Stockpiles An accumulated large stock of materials or goods 
 

Ash dump An area where ashes are dumped 
 

Overburden Is the material (soil or rock) that lies above a mineral   
deposit or an underground feature 
  

Discard coal Coal residue with a lower quality than of the actual coal 
 

Veld A wide and flat area which is covered by low scrub or grass 
 

Macrophages White blood cells which digests and engulf foreign 
substances and cellular debris 
 

Beneficiation A process of removing gangue minerals from an ore to 
produce a higher-grade product 
 

Erodibility Is the inherent non-resistance of rocks and soil to erosion 
 

Meteorological data Facts relating to the atmosphere which include wind, air 
density, and precipitation 
 

Vector data Data represented as lines, polygons, and points 
 

Raster data Data represented as pixels 
 

Coalfield An area with a significant amount of coal deposits 
 

Reflectance value A number representing a proportion of the incoming light 
that is reflected 
 

Critical speed The minimum speed at which transportation of dust 
particles starts 
 

Topography An arrangement of the artificial and natural features of an 
area 
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1. Introduction  

1.1 Background  

The challenges posed by the negative impacts of coal mining in South Africa are not 

unprecedented and the quest for long term solutions continues to be a challenge. Coal 

is the dominant primary source of energy in South Africa and provides more than 70% 

of the country’s primary energy needs (Brett, et al., 2011). Additionally, power 

generated from coal accounts for over 90% of the electricity produced in South Africa 

(Brett, et al., 2011). Considering the lack of suitable and sustainable alternatives to 

coal, this strong dependence on coal is unlikely to change significantly for at least in 

the next two decades according to the Department of Energy.  

The historic and present pollution from coal mining and its related operations has 

resulted in areas such as Mpumalanga, which is considered the home province for 

coal mining, experience significant and to a great extent irreversible land cover 

alterations. The population of communities located in and around the province 

continues to suffer greatly from health problems (Center For Environmental Rights, 

2011). The extent of coal mining in the Mpumalanga province is highlighted by the fact 

that over 61% of the total land surface is either undergoing mining rights applications 

or the probability of mining rights applications in the future (Center For Environmental 

Rights, 2011). Inevitably, the extent of coal mining in this region has resulted in a 

significant amount of waste material. Eskom alone has produced an estimated 500 

million tonnes in deposits of ash and additional discard coal estimated at 1.9 billion 

tonnes (Center For Environmental Rights, 2011).  

Coal mining and its related operations have multiple negative impacts on the 

environment and the human population and one of them which is considered in this 

study is dust emission. Dust is emitted from both mining operations and power 

generation operations. Some of the mining operations are blasting and drilling. In both 

open cast and underground mining, the mineral deposit or ore with economic value is 

forced out from the body of rocks and this is done by blasting and drilling using energy 

intensive machinery (Balasubramanian, 2017). Sources of dust resulting from power 

generation operations include ash dumps, discard coal, transport and handling 

operations (Minerals Council , 2019). The waste facilities that are created for toxic 

waste material such as ash are meant to function as effective waste management 

measures by the mines if they are correctly managed.  

Understanding the role of coal mine waste facilities and mining operations on dust 

emission is critical for the planning and implementation of effective mitigation, 

management and rehabilitation measures. The spatial analysis which is undertaken in 

this research project helps to achieve this understanding. 
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1.2 Problem Statement  

The strong dependence on coal for power generation in South Africa has resulted in 

the current intensive mining of coal particularly in the Mpumalanga province. One of 

the impacts of coal mining and its related operations is the emission of dust from the 

toxic waste facilities, which poses health risks to the population of communities in this 

region. This research project will produce a spatial dataset which can be used to 

evaluate the risk to communities and the environment. 

1.3 Scope and limitations of study  

Remote sensing data is used in this study to map the coal mining areas in the 

Nkangala district of the Mpumalanga. This study is specifically focused on mapping 

ash dumps, coal stockpiles, discard coal and overburden. Remote sensing data is 

used in combination with meteorological data to create a risk map that evaluates the 

risks to communities and the environment. This project was only conducted over a 

period of ten weeks, thus more indicators such as topography and soil moisture which 

would have been useful could not be incorporated in the creation of a final risk map. 

1.4 Objectives  

The overall objectives are to: 

• Use remote sensing imagery to map coal mining areas and waste facilities 

• Identify high dust emission frequency periods using meteorological data 

• Evaluate risk to communities and environment and create a risk map that will 

identify high risk areas that require prioritized mitigation and management 

measures. 

• Provide groundwork for further investigative work on the associated health 

risks.  

1.5 Key Questions 

• Where are the coal mining areas located in the Nkangala district and how can 

these areas be accurately mapped? 

• What are the main sources of dust emission? 

• What are the high frequency dust emission periods? 

• What indicators can be used to evaluate risk to communities and the 

environment? 

• Which areas can be considered to be at high risk? 

1.6 Hypothesis 

It is hypothesised that remote sensing data, in combination with meteorological data 

can be used to identify coal mine waste facilities and mining operations and from there 

also identify high risk areas to focus mitigation and management strategies on.  
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2. Literature review  

2.1 Health and environmental impacts of mine dust emissions 

Mining operations are vital for the economic development of developing countries 

(Limpitlaw, 1998). It is however essential to note that mining operations are also 

associated with negative impacts on human health and the surrounding environment. 

Discard coal, ash dumps, overburden and coal stockpiles are some of the prevailing 

surfaces found in areas with mining operations. Fine particles from the above-

mentioned surfaces are carried and transported by wind and deposited in the 

surrounding areas. Some of these dust particles are deposited in the surrounding 

rivers and dams while some assimilate in soil thus leading to water and soil 

contamination. The transport distance of these particles to the surrounding 

environment depends on the particle size, with smaller sized particles travelling longer 

distances while larger particles travel relatively shorter distances (Csasvina, 2016). 

 

Figure 1: Particle deposition as a function of distance from mine operations 

Figure 1 above shows the deposition amount of mine dust particles as a function of 

distance from the mining operations. Mines are indicated with the red colour on the 

map above and as expected, the amount of mine dust particles deposited decreases 

when moving away from the mining area. It should be however noted that the numbers 

reported on the map do not exactly indicate the mine dust particle deposition in the 

district of Nkangala but they indicate that the environmental impacts from dust 

emission are expected to be high for areas that are in close proximity to the coal mines 

and lower in areas located far from the mines. 
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Coal dust explosions is one of the unwanted events which may occur as a result of 

dust emission to the surrounding areas. The following is a number of requirements 

that should be met for a dust explosion to occur (Wentzel, 2015): 

• The dust must be combustible; 

• Dust should be dispersed in air; 

• Concentration should exceed the flammable limit; 

• An ignition source has to be present; 

The suspended coal dust with concentration exceeding 50 000 mg/m3 is required for 

ignition to take place (Wentzel, 2015). This is the minimum explosive concentration. 

The minimum ignition temperature of the suspended coal dust is 440 oC while that of 

coal layer dust is 180 oC (Wentzel, 2015). The maximum coal dust particle size that 

can contribute to coal dust explosion is approximated to be 240 µm (Wentzel, 2015). 

This indicates that finer particles are more likely to result in dust explosions. It is also 

worth noting that coal dust explosions can only happen when coal dust is in contact 

with processes or sources at higher temperatures as indicated above. Thus, the 

likelihood of dust explosion is low in the surrounding communities because the 

temperatures of the surroundings are less than the values reported above. 

The same principle described above also applies to residents as well where people 

living in close proximity to coal mines are more likely to be affected with respect to 

their health and living conditions by coal mine dust emission than those residing far. 

An assessment of physical properties, chemical properties and the particle size of the 

emitted dust particles is essential when assessing the risks associated with mine dust 

exposure. The particle size provides an indication of deposition region and efficiency 

on the respiratory tract (Csasvina, 2016).  

Coarser particles (>3 µm) are deposited in the upper respiratory system and normally 

swallowed, these particles are then eliminated by the digestive system (Csasvina, 

2016). Finer particles (<1 µm) are however respired into the lungs and then 

transported to the bloodstream through macrophages which results in higher 

contamination doses than with coarser particles. Figure 2 below shows the particle 

size in µm and the region of deposition on the respiratory system. Health problems 

caused by exposure to coal mine dust include; reduced mental and nervous 

functioning, neurotoxic effect on cognitive function and behaviour (Csasvina, 2016). 
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Figure 2: Particulate matter deposition on the respiratory tract 

2.2 Coal mining industry in South Africa 

South Africa has an abundant coal reserves amounting to 30 billion tonnes which is 

equivalent to 3.5% of the world’s coal reserves (Chamber of Mines of South Africa, 

2018). Mpumalanga accounts for 83% of the South African annual coal production 

with the remaining production in Kwazulu-Natal, Limpopo, Eastern Cape and Free 

state (Chamber of Mines of South Africa, 2018). Coal reserves in Mpumalanga are 

however dwindling and the coal mining operations are shifting towards the region of 

Waterberg (Chamber of Mines of South Africa, 2018).  

Coal production in South Africa is dominated by five major coal mining companies 

including Anglo American Thermal Coal (AATC), Exxaro, BHP Billiton Energy South 

Africa (BECSA), Glencore Xstrata, and Sasol (Hancox & Gotz, 2014). AATC is a global 

coal mining business with operations in Colombia and South Africa. In South Africa, 

AATC owns seven mines and six of these mines supply 23 million tonnes annually of 

coal to the local and export markets (Hancox & Gotz, 2014). Coal produced by Sasol 

is used in the gasifiers of Sasol Synthetic Fuels in Secunda and Sasol Chemical 

Industries in Sasolburg (Hancox & Gotz, 2014). Exxaro has eight coal mines from 

which they produce 40 million tonnes annually of coal for local and export market. 

BECSA owns four coal mining operations and three process plants which produce 

coal for export and South African domestic market. Glencore Xstrata is considered 

one of the largest diversified global natural resource company formed after the merge 

of Xstrata plc and Glencore International plc completed in 2013 (Hancox & Gotz, 

2014). 
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Figure 3 below depicts the geographic locations of South African coalfields and coal 

mining operations. As seen on the map, most of South African coal mining operations 

are in Mpumalanga with a few in Limpopo, KwaZulu-Natal, Eastern Cape and Free-

State. Most of the coal mines in Kwazulu-Natal have become abandoned as shown 

on the map. On the other hand, Eastern Cape, Limpopo, and Free-State only show a 

small number of mining operations that have taken place or taking place in the area.  

Coalfields in the Free-State and Limpopo haven’t been exploited intensively as seen 

on the map. It is however likely that they might get to be exploited because coal is set 

to still dominate as a primary source of energy for the foreseeable future (Hancox & 

Gotz, 2014).   

 

Figure 3: South Africa Coalfields 
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The strong dependence on coal as the primary source of energy is the driving force 

behind the significant coal mining operations in South Africa. Figure 4 below shows 

how coal production has changed over time from the year 2008 to 2018. The coal 

production fluctuated between 250 000 and 262 000 metric tonnes and it is likely that 

coal production will be fluctuating around this interval for the next few years as seen 

on the trend shown below. This translates to increased environmental pollution and 

health problems related to coal mining operations. If the shift towards using renewable 

energy is low, then it is likely that coal mining operations will continue to dominate and 

supply energy in South Africa. It is thus essential to assess the extent and impact of 

coal mine waste in South Africa which will allow the planning of effective mitigation of 

potential impacts arising from coal mining operations. The figure shown below also 

shows a strong evidence regarding the importance of coal mining for the employment 

of citizens and thus alleviating poverty. The trends depicted below show that there is 

a direct correlation between coal production and the total employment in the South 

African coal mining sector. 

 

Figure 4: Coal production in SA 

Figure 4 above shows the overall employment trend but it however doesn’t provide a 

full understanding of the trajectory and how it may evolve over time in terms of the 

labour skills. Besides the overall numbers shown on the trend above, Figure 5 below 

indicates that there has been a shift towards highly skilled employees in the coal 

mining sector. In 2015, semi-skilled and unskilled employees were estimated to be 

around 40 000 in South Africa (Jesse, et al., 2018). An increase in skilled labour force 

in this sector provides an opportunity for the development of new industrial capabilities 

which can potentially ensure that the mining processes are made safe for the workers, 

surrounding communities, environment and society at large. There also has been a 

shift from permanent employment towards contracted labour observed in the industry. 

Contracted labour increased from 5% to 43% of the total coal workforce over the period 

1987-2009 (Jesse, et al., 2018). Despite poverty alleviation from the coal mining 

industry, an assessment of the impacts from the coal mining operations and mitigation 

strategies remains crucial. 
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Figure 5: Skill trend in coal mining sector 

2.3 Sources of dust emission 

The emission of dust occurs from the beginning when coal mining is initiated, during 

mining operations and from the remains after the mine has closed. Sources of dust 

which are associated with coal mining and power generation are drilling and blasting, 

stockpiles, operations performed mechanically to remove overburden and topsoil, 

handling operations and transportation, slurry from beneficiation processes, ash 

dumps and discard coal (Minerals Council South Africa, 2019). This study will focus 

on the emission of dust from discard coal, ash dumps and coal stockpiles.  

2.4 Mechanism of dust emissions 

Coal discard and waste stockpiles are characterized by a complex mixture of dust 

particles and metals. The particles are dispersed from these surfaces by various 

transport media such as wind, soil and water. The wind is capable of transporting 

particles suspended in air over great distances. The smaller particles will remain 

suspended for longer periods, depositing in a much more slowly manner and widely, 

whereas the larger particles will be deposited faster and over short distances (Wentzel, 

2015). The mine dust particle behaviour in air is complex because of different forces 

acting on particles with different sizes. An aerodynamic drag force exceeding the sum 

of inter-particle forces and particle’s weight is required for a particle to be airborne 

(Wentzel, 2015). 

Smaller particles are influenced by molecular forces and will exhibit gaseous 

behaviour. With the bigger particles, it is the inertial and gravitational forces that will 

play a bigger role on how these particles behave (Wentzel, 2015). The inertial and 

gravitational forces cause the mine dust particles to settle down under the influence of 

their own weight (Wentzel, 2015). Agglomeration is one other factor which plays a 

major role in mine dust deposition or transport. Agglomeration results from particles 

colliding and adhering to each other, resulting in larger particles which settle down 

under the influence of gravity (Wentzel, 2015).  
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Much of the particles emitted from mining operations are greater than 30 µm and will 

not deposit 100 m further from the source (Wentzel, 2015). Particles with intermediate 

size (10-30 µm) can travel up to distances ranging from 200-500 m whereas smaller 

particles (< 10 µm) are suspended in air and are slowly deposited (Wentzel, 2015). 

These smaller particles (<10 µm) only represents a small portion of the total emitted 

dust from mining activities (Wentzel, 2015). 

2.5 Erodibility of surfaces 

Weather prevalence, vegetation and land use play an important role in the erodibility 

of the surface and therefore also plays an important role in the extent of dust emission. 

A higher vegetation cover acts as a barrier which traps dust and also reduces the wind 

energy and therefore preventing dust transportation over extended spatial areas 

(Csasvina, 2016). High precipitation is associated with an increased soil moisture 

content which strengthens or increases the forces of attraction between dust particles 

and surface, and as a result, the dust particles can’t detach easily thus lowering the 

mine dust dispersion (Csasvina, 2016). Low land use in vegetated areas means that 

there’s less vegetation destroyed and the more vegetation cover there is, the lower 

the extent of mine dust emissions as indicated above. 

The state of the environment plays a significant role on the erodibility of land surfaces 

which are sources of dust emission. As mentioned, one of the factors affecting 

erodibility is the presence or absence of natural vegetation, which has been reduced 

significantly by deforestation and the destruction of natural habitats seen in areas 

where coal mining occurs. The destruction of these natural habitats also affect the 

intrinsic properties of a particular land surface such as texture and organic matter 

content, both which influence the weight, size of particles and their ability to retain 

moisture (Bing, et al., 2017). Another factor affecting erodibility is topography. The 

velocity of the wind is decreased by the effect of topography, particularly slope, and 

when that occurs it won’t be able to disperse as much particles (Bing, et al., 2017).  

2.6 Remote sensing 

2.6.1 Remote sensing principles 

Remote sensing is a technology applied in gathering information regarding chemical, 

physical, geometrical and biological properties of the planet (Wim, et al., 2009). 

‘Remote’ because the object of interest is observed without having direct physical 

contact with it. Remote sensing detects the reflected energy from the earth’s surface 

or object, this reflected energy is then converted into an image/data that can be easily 

interpreted. This technology allows the forecasting, monitoring and mapping of 

changes taking place on the planet (Wim, et al., 2009). There are two types of remote 

sensing principles, active and passive remote sensing. Passive remote sensing relies 

on the energy reflected from the earth’s surface whereas active remote sensing emits 

its own energy and measures the refection (Daniel, 2006). Figure 6 below shows an 

illustration of how passive and active remote sensing operate. 
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2.6.2 Characteristics of different sensors 

Sensors used in remote sensing have different characteristics in terms of spatial, 

spectral and temporal properties. Spatial resolution measures the degree of the 

smallest object that a sensor can display (Shunlin, et al., 2012). Some sensors have 

high resolution while others have low. For example, if sensor A has 1m x 1m resolution 

and sensor B has 10m x 10m resolution. Then sensor A has a higher resolution 

because it can display a much smaller object on the ground than B. As seen on Figure 

7 below, the sensor with a higher resolution (1m x 1m) can display much smaller 

objects than the sensor with a low spatial resolution (10m x 10m) 

 

Figure 7: Spatial resolution 

Spectral resolution refers to the sensor’s ability to define much finer wavelengths’ 

interval on the electromagnetic spectrum. Sensors with high spectral resolution are 

capable of defining much narrower wavelength intervals, while those with low spectral 

resolution can only define extended/longer wavelengths (Canada Centre for Remote 

Sensing, n.d.). Figure 8 below illustrates how high spectral resolution sensors differs 

from low spectral resolution sensors.  

Figure 6: Passive and active remote sensing 
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High spectral resolution sensors can define much finer wavelengths as shown on 

Figure 8 and therefore identify objects with different colours. On the other hand, low 

spectral resolution sensors can only define relatively wider wavelengths which 

contains different colours and thus identify objects with different colours as one colour 

(black & white). 

 

Figure 8: Spectral resolution 

Temporal resolution is defined as the time required to revisit and obtain data for the 

exact same location. The temporal resolution is higher for sensors that requires less 

amount of time to revisit and acquire data for the same location and vice-versa. This 

amount of time is dependent on the sensor characteristics and sensor platform’ s 

orbital characteristics (Theau, 2008). Figure 9 below depicts the difference between 

high and low temporal resolution of sensors over the same period of time. As can be 

seen for the lower resolution sensor, the geographic data for the same location was 

collected only 9 times while the higher resolution sensor collected this data 18 times 

over the same period of time. 

 

Figure 9: Temporal resolution 
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2.6.3 Spectral reflectance signature 

When a spectral band with a certain wavelength hits some material or a feature on the 

Earth’s land surface, it may be transmitted, absorbed or reflected (CRISP, 2001). 

Different materials absorb and reflect differently at different wavelengths and this 

variation of reflectance, transmittance or absorbance is called the spectral signature 

(CRISP, 2001). Materials have a reflectance spectrum, which is a plot of the fraction 

of radiation reflected as a function of the incident wavelength and functions as a unique 

signature for a particular material. The figure below shows the reflectance spectrum 

of five common types of land-cover. 

 

Figure 10: Reflectance spectrum of 5 types of spectrum 

In principle, a material can be identified from its spectral reflectance signature if the 

sensing system used has sufficient spectral resolution to distinguish its spectrum from 

those of other different materials (CRISP, 2001). This principle gives the basis for 

multispectral remote sensing. Remote sensing applications, such as multispectral 

imaging are capable of processing satellite images and extract spectral signatures at 

each pixel. By using the correct single spectral band or a combination of spectral 

bands, certain land features of interest can be mapped out. Finding the correct single 

spectral band or a combination of spectral bands that work for some land surface can 

be an iterative process, while for other land surfaces it may be known from the work 

that has been done and reported on.    
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2.6.4 Remote sensing application in land mapping 

Up to date, there is a huge amount of mine residues which has been produced and 

disposed on the Earth’s surface (Limpitlaw, 1998). These residues comprise of fine 

particles, broken rock, and slag, and they provide an indication of the mining extent 

and are useful environmental impact indicators (Limpitlaw, 1998). An assessment of 

the above-mentioned indicators over time and space is carried out through the aid of 

remote sensing. Remote sensing provides a sufficient, accurate and timely data 

collection and analysis (Daniel, 2006). This remotely sensed data includes coal 

stockpiles from coal operations, vegetation cover, topography, soil moisture content, 

and wind speed and direction.  

2.6.5 Meteorological data application 

Meteorological data describes the current and future atmospheric conditions such as 

humidity, precipitation amount and type, wind direction and speed, and temperature. 

These factors affect erodibility in terms of the potential and extent of soil detachment 

and transport through the erosion agents (Nicholas & Craig, 2011).  Precipitation 

affects the soil moisture content; precipitation allows rainfall to infiltrate through the 

soil and thus increases the soil moisture content. This translates to decreased 

erodibility as higher soil moisture content strengthens the binding forces of soil 

particles which prevents the soil particles from being detached easily.  

Wind direction and speed also affects the soil erodibility, high wind strength exerts 

more forces on the soil surface which allows the soil particles to be detached more 

easily and the direction gives an indication of where particles are more likely to be 

transported and deposited. Erodibility is thus expected to be higher in semi-arid and 

arid environments. Meteorological data is used in combination with remotely sensed 

data to map the extent and potential of coal mine waste. Remotely sensed data 

provides geospatial information such as location and amount of coal mine waste and 

also the population density surrounding the coal mine waste facilities while 

meteorological data described the erodibility of coal mine waste using the factors 

described above. 

2.6.6 Data sets for remotely sensed and meteorological data 

There is a number of various tools available used to obtain and analyse the remotely 

sensed data. These include Google Earth Engine, QGIS, PlanetScope, R-Project, 

ECMWF and Excel. Google Earth Engine is an online platform used for visualization 

and scientific analysis of geospatial datasets. It has an archive of remotely sensed 

imagery/data dating back to more than 40 years (Earth Lab, 2019), this data can be 

accessed through the datasets integrated within the Google Earth Engine platform.  
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There is a number of different datasets available and the choice entirely depends on 

the scope of the research project, datasets which could be useful for this project 

include; moisture content, vegetation cover, wind speed and direction, and 

topography. This platform is also equipped with a programming interface (Python and 

JavaScript) used in analysing the datasets. 

QGIS is a computer-based geographic information system used to view, analyse, and 

edit geospatial data. Various vector and raster data formats are supported by this 

platform which makes it easy to view and analyse data from sources with different 

formats. It allows one to discover and map several activities/landforms on the Earth 

through remotely sensed imagery. Datasets such as; population density and location 

of activities (Coal mining operations and power stations) can be analysed by importing 

the appropriate files (Excel, raster files, and shapefiles) into the platform. 

 
Random Forest is a machine learning algorithm within the R-project software which is 

used for classification purposes. Random Forest has a number of individual trees of 

decision making, and each individual tree has a class prediction. Supervised 

classification using Random Forest requires a user to provide a code or name (class) 

for observed objects, then Random Forest will classify all other remaining objects to a 

class with an object that looks similar. An example of such would be giving a red object 

a class called “high risk”, then Random Forest will look for all other objects with red 

colour and classify them as “high risk”.   
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3. Methods 

3.1 Study site  

South Africa’s coal mines are predominantly located in the Mpumalanga province, 

which has 12 operational coal-fired power stations (Department of Minerals and 

Energy, 2014). Mpumalanga is a province in South Africa located in the north-eastern 

quarter of the country and it is home to the country’s most rich deposits of coal. The 

province accounts for 6.5 % of the total land surface of the country and has an 

estimated population of just over 4.5 million (South African Market Insights, 2015).  

The Mpumalanga province is divided into three districts municipalities; Ehlanzeni 

district, Gert Sibande district and Nkangala district. Nkangala has an estimated 

population of just above 1.4 million and a population density of 85.5 people per km2, 

which is the highest from the three districts (Health Systems Trust, 1992). 

Approximately 75% of coal mines in Mpumalanga are located in the Nkangala district 

and nine out the twelve coal-fired power stations in Mpumalanga are in Nkangala 

district which includes the largest and third largest coal-fired power stations in the 

country, Kusile (under construction) and Kendal respectively (COP17 fact sheet, 

2011).  

Considering the information mentioned above regarding Nkangala district, it was 

concluded that this region would best represent the status quo of coal mining and its 

impact, in South Africa. The figure below shows where Mpumalanga is located in 

South Africa and the location of Nkangala district. 

 

Figure 11: Mpumalanga and Nkangala district location 
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3.2 Identifying and locating coal mines and power stations 

Identifying the coal mining operations and power stations required research regarding 

the coal mines and power stations in the Nkangala district and their respective 

coordinates. The geographic locations of these areas were obtained from google map 

and Department of Mineral Resources and then saved on an Excel spreadsheet. This 

excel spreadsheet was then imported to QGIS which displayed all the coal mines and 

power stations as points on the map. A pictorial representation of the above-mentioned 

step is illustrated on Figure 12 below. 

 

Figure 12: Identifying and locating coal mines and power stations 

3.3 Mapping the stockpiles and other land use 

3.3.1 Supervised classification with random forest 

 

Figure 13: Mapping land features and stockpiles 

After having located the coal mines and power stations, land surfaces/stockpiles 

associated with these operations were mapped. These land surfaces/stockpiles 

include; ash dumps, overburden, discard coal, coal stockpiles, agriculture, water, and 

settlements. Ash dumps identified on the map were marked and classified into the ash 

dump class as shown on Figure 13 above. A similar approach was followed for other 

land surfaces/stockpiles.  

These classes were used in classifying all objects on the map based on the 

characteristics of the mapped areas and the observed object. For example, if an object 

had similar spectral characteristics to the ash dumps mapped, then it was identified as 

an ash dump. The classes are necessary because it would’ve taken much longer to 

manually map all objects that one sees on the map.  
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This method can be well understood in terms of machine learning principles. The 

classes created above were then imported into Random Forest which classified the 

entire map according to the classes created. 

3.3.2 Raster calculation 

Raster calculation is another approach considered for mapping different land features 

or objects on the land’s surface. Raster calculation allows you to carry out calculations 

on the basis of existing raster pixel values. This is an iterative approach and uses the 

fact that different land features absorb and reflect differently at different wavelengths 

of spectral bands. The spectral bands used for the raster calculation were B8, B4, B3 

and B2 at 10m resolution. Each of the land features of interest stood out in at least 

one band. When a land feature of interest reflected and stood out from the map when 

using a certain band, this was saved as a raster layer. This saved layer unavoidably 

included some other random surfaces because they have similar pixel values and thus 

appeared similar on the layer. Another band was used and allowed a different land 

feature of interest to stand out, together with some other random land features of no 

interest and this again was saved as a raster layer. This process was repeated with 

all the bands until all the land features of interest stood out. To eliminate the unwanted 

land features and only remain with the land features of interest, these raster layers 

were subtracted from each other. It was possible to do this because for each band, 

every land feature has a pixel value corresponding to it  

3.3.3 Data sources 

Table 1: Data sources 

Data Data source 

Wind characteristics ECMWF 

Water layer Department of Water and Sanitation & 
European Commission’s Joint Research Centre Global 

Surface Water 

Population openAFRICA 

Current existing 
mapped areas 

GEOTERRA 

Province boundaries openAFRICA 

Mines in Mpumalanga Department of mineral resources 

Vegetation NDVI 

Satellite imagery Sentinel 2 

 

Table 1 shown above indicates the information used for this project and the source 

where this information was extracted. This information was used in QGIS which then 

identifies the data (population, water, mines, etc.) on a map. This data is essential in 

building up a risk map based on the indicators required in risk map creation. Wind 

characteristics considered included the wind direction and speed which provides an 

indication of the spatial areas where the mine dust particles are likely to be deposited. 
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Water layer provided a means of differentiating between water sources and coal 

because water and coal have similar spectral characteristics. Population was used to 

identify areas where people reside in the region considered for this research project. 

It provides an indication of the geographic locations of residential areas along with the 

population density. Province boundaries obtained from openAFRICA were necessary 

to show the boundary of the province and the district of interest. South African coal 

mines and their spatial locations were obtained from Department of mineral resources 

data set. Vegetation cover and satellite imagery were obtained from the NDVI and 

Sentinel-2 data sets respectively.  

3.4 Creating a risk map 

Creating a risk map is the final step carried out in this project, which is a product of a 

combination of remote sensing data and meteorological data. This combination is used 

to classify the areas as either high, medium or low risk with different colors being used 

to represent the different classes. The indicators that are used to do this classification 

are population density, distance and prevailing wind direction with speed greater than 

equal to 6m/s. Dust particles begin to be dispersed when the wind speed reaches 6m/s 

(Leo, 2019).  

An area is classified as high risk if it is a high dense population area, not further than 

2km from a coal mining area and if the prevailing wind direction is such that if dust 

particles are dispersed from a coal mining area, they will deposit in that area. A high 

dense population area is also classified as high risk if it is within a 1km radius from a 

coal mining area, irrespective of the prevailing wind direction. A high dense population 

area is classified as medium risk if it is within a radius that is between 5 and 10km and 

again if the prevailing wind direction is such that if dust particles are dispersed from a 

coal mining area, they will deposit in that area. An area is classified as low risk if it is 

not a high dense population area or if it is 10km or more away from any coal mining 

area.  
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4. Results 

4.1 Mapping of mining areas and operations 

4.1.1 Raster calculation results 

 

Figure 14: Raster calculation results 

Figure 14 above shows the results obtained from the application of raster calculation 

method using QGIS. Step 1 shows the imagery obtained from the sentinel data set 

using band 8. The white colored areas represent water and coal because they both 

have similar pixel values (<0.1), it should be however noted that the actual color of 

these objects on the surface is black and black objects are associated with lower pixel 

values. There is thus a difficulty in differentiating between water and coal stockpiles 

due to the similar characteristics in their pixel values. The purpose of step 2 was to 

use a color that stands out properly on the map because of other intermediate colors 

between white and grey.  

Having completed step 2, it is evident that water still can’t be distinguished from coal 

stockpiles as shown on Figure 14 above but there is however a South African 

water/river data set from the department of water and sanitation which provides 

mapped rivers and other water sources on the ground. This is then added to the 

current existing map on step 2 as a shapefile to map or highlight water sources on the 

ground which then produced the figure shown under step 3 which allows one to clearly 

identify water.  

 

 

Step 1 Step 2 Step 3 

Step 4 Step 5 
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Step 4 involves subtracting the exact pixel value of water imported from the water 

dataset (highlighted in blue) on step 3 from the initial pixel value representing both 

water and coal (<0.1) as highlighted above such that the pixel representing coal only 

remains highlighted. This is because water is of no interest for the scope of this project 

but rather coal mining waste is important. This results in a figure shown on step 4 

where only coal is highlighted because it is one of the stockpiles of interest in this 

project. Ash dumps also form part of the most important land features responsible for 

mine dust emissions.   

Ash dumps however don’t have their own distinct characteristic when using sentinel 

data set with band 8 and thus cannot be identified. After removing all the layers with 

pixel values other than that of coal, an image shown in step 5 is produced. An ash 

dump demarcated with the red border was identified as a land feature with similar 

spectral characteristics to the ground. As discussed earlier on, discard coal is also one 

of the coal mine waste stockpiles and should be identified and highlighted on the map. 

But since discard coal and coal are very similar in nature except for their mineral 

quality/composition, the model then identifies discard coal as coal. 

Thus, raster calculation method using band 8 couldn’t identify ash dumps or 

differentiate between the actual ground and ash dumps on the Earth’s surface. It also 

cannot differentiate between coal and discard coal. It thus requires more iteration 

through varying bands and applying pixel-by-pixel subtraction. 

4.1.2 Supervised classification results 

  

Figure 15: Supervised classification results 

Results shown in Figure 15 above were obtained using the supervised classification 

approach. In this approach, different objects on the map were manually classified 

accordingly as shown on step 1 indicated above. The training classes created in step 

1 were imported into Random forest which then classified the entire area according to 

Step 1 Step 2 
Step 1 Step 2 
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the classes created. The outcome is shown in step 2 above. This output depicted in 

Figure 15 above indicates that the supervised classification approach allows coal, 

discard coal and ash dumps to stand out more.   

4.1.3 Geo-Terra South African National Land-Cover data set 

The figure below was taken from the South African National Land-Cover 2018 (SANLC 

2018) dataset, presented as a 20m resolution raster generated from automated 

mapping models using multi-seasonal 20m resolution Sentinel 2 satellite imagery. 

SANLC 2018 displays land cover and land use in South Africa. In the original source 

the map shown below has 73 classes, therefore a legend showing all classes is not 

displayed here due to space constraints. This map from SANLC 2018 is important in 

the context of the study of this report because it also identifies the coal mining areas 

in Mpumalanga and these areas are represented by the colour red on the map below. 

It is reported on the SANLC 2018 report that the overall map accuracy for the SANLC 

2018 is 90.14% and this was calculated from 6570 reference points. Considering the 

high accuracy of this map, this will be compared to the mapping results of the study of 

this report to assess its accuracy. 

 

Figure 16: Geo-Terra South African National Land-Cover 2018 map 
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4.1.4 Comparison of different outputs 

Figure 17: Comparison figure of three different outputs 

The figure above shows the same area from the output of three different methods and 

the true image from Sentinel which is frame a. Frame b shows the output from raster 

calculations after all the iterations, frame c shows the output from the supervised 

classification using Random Forest in R-project and frame d is a map from Geo-Terra 

SANLC 2018, showing mining areas which include surface infrastructure, extraction 

sites, waste (tailings) and resource dumps. The three above outputs were compared 

to each other where the number of pixels identified as coal mining surfaces by each 

model in the Nkangala district were determined. The table below displays the results 

of this comparison. 

Table 2: Comparison table for three different outputs 

Output Number of pixels 

identified as 

mining area 

% of total area identified 

as mining area 

Raster Calculation 1 918 425 1.0 

Supervised classification in RF 1 517 351 0.8 

Geo-Terra SANLC 2018 2 063 718 1.1 
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4.2 High-density population area identification 

Identifying the high-density population areas in the Nkangala district consists of the 

three main steps outlined in the next three figures. 

 

Figure 18: Population density in Nkangala 

The population density of the Nkangala district was sourced from openAFRICA and it 

is depicted in Figure 18 above. Population density is indicated by the dark marks inside 

the Nkangala district boundary. From Figure 18, pixels with a population greater than 

10 were extracted to produce Figure 19 shown below. 

 

Figure 19: High population density areas in Nkangala 
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The purpose of this was to identify the most high-dense population areas and focus 

more on those areas and base the risk map on them. The results of this are depicted 

in Figure 19 above, where the dark marks remaining inside the Nkangala district 

boundary represent the high-dense population areas. Buffer zones of 1, 2, 5 and 10 

km’s were created around each high-dense population area and the results are 

depicted in Figure 20 shown below. Buffer zones are zones measured in units of 

distance that are created around these areas and these are useful for proximity 

analysis.  

 

 

 

 

 

 

 

Figure 20: Buffer zones 
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4.3 Meteorological results 

 

Figure 21: High population density areas for wind analysis 

Figure 21 above shows the areas that were considered for wind analysis where the 

wind speed and direction will be evaluated because wind is an agent that transports 

dust particles. The points shown above were chosen on a basis of population density. 

These points represent areas in Nkangala district with the higher population density. 

Pixels with a population of more than 10 people were chosen as the high-density 

areas. Thus, each point shown above has a pixel with more than 10 people.  

Figure 22 that follows shows the wind roses for the areas/points shown above. The 

wind data used was obtained from the EMWCF data source which provides 

information related to the atmospheric conditions. Figure 22 shows the amount of time 

that wind with a certain speed blew in a certain direction for a period ranging from 

2018/01/01 to 2019/06/01. It is however essential to note that a point that points in the 

north (or any direction) direction indicates the wind blowing from the northern direction 

(or any direction). For example, point (area) 1 facing north, in yellow, indicates that 

wind with a speed between 2 and 4 m/s blew for 1845 hours from the north during the 

period of 2018/01/01 to 2019/06/01. This provides an indication of the direction where 

mine dust particles are more likely to be deposited/transported by wind. It is also 

evident that wind speed dominating in this region is between 2 and 4 m/s 

Differentiating between the wind speeds was important because particle transportation 

of wind occurs when the wind speed is equal or greater than critical speed (6 m/s) for 

an average dust particle size (Leo, 2019). 
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Figure 22: Wind roses for different spatial points 
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As already mentioned, wind speed of at least 6 m/s plays a major role in transporting 

dust particles. Figure 23 that follows shows the total number of hours (frequency) that 

wind with at least a velocity of 6 m/s blew in a specific direction. It is evident for all 

areas, winds blowing from the north west, north, east and west are dominant in the 

region of Nkangala district. This indicates that mine dust particles more likely to be 

transported from the north west, north, east, and west. Wind blowing from the southern 

direction rarely occurs in the region of Nkangala as indicated by low frequency in 

Figure 23.   

 

 

 

Figure 23: Wind frequency (total hours) with a speed above 6 m/s 
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Figure 24: High wind frequency periods 

Figure 24 above indicates the number of hours that the wind with a wind speed of at 

least 6 m/s blew in each area/point per month during the year 2018. The figure above 

indicates that the total number of hours that the wind blew during the period from 

January to July and October to December is relatively low compared to August and 

September. It is expected that the pattern observed in the figure above would be 

similar every year.  
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4.4 Risk map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25: Risk map 
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5.  Discussion 

5.1 Different mapping methods 

5.1.1 Raster calculation classification 

As indicated previously, the final outputs from the raster calculation method were 

obtained after an iteration process. It was discovered that this method classifies ash 

dumps accurately but it however fails to differentiate between the discard coal and 

coal stockpiles. This procedure also identified 1% of Nkangala as covered by coal 

mining operations. The currently existing classification from Geo-terra indicated that 

1.1% of the region is covered with mining activities. It is however worth noting that this 

Geo-terra classification was not specific to coal mining but incorporated other types of 

mining activities as well. The small deviation between two numbers provides an 

indication that the raster calculation may have included or mapped other mining 

activities other than coal mining operations and this research is based on coal mining 

operations only. 

5.1.2 Supervised classification method 

The final results obtained from the supervised classification method using Random 

Forest indicated that this method identifies both ash dumps, discard coal, and coal 

stockpiles more accurately and allows different features on the map to stand out. 0.8% 

of Nkangala surface area was identified as covered by coal mining operations. 

Compared to the Geo-terra coal mining land cover of 1.1%, there is a relative great 

deviation between the two. This is because the supervised classification method was 

specific to coal mining operations and did not consider other types of mining activities 

taking place in the region. Due to its relatively accurate identification of different 

features or objects on the earth’s surface and specifically those related coal mining, 

the supervised classification method was thus chosen over the raster calculation 

mentioned above in mapping the coal mining stockpiles or activities.  

5.2 Population density 

There are mainly six areas which were found to be high dense population areas and 

these are Delmas (area 1), Emalahleni (area 2), Middelburg (area 3), Hendrina (area 

4), Kriel (area 5) and Makhazeni (area 6). As mentioned in the results section of 

population density, these areas were identified as high dense on the basis that they 

have more than 10 people in each pixel. It should be noted that it doesn’t necessarily 

mean that these areas have the most people living in them than all the areas in the 

Nkangala district, as some areas may contain slightly less than 10 people in each pixel 

but the number of pixels that make up those areas is high, meaning they have a high 

population which is however not highly dense.  

5.3 Meteorological information 

Meteorological data used provided crucial information regarding the wind direction and 

speed. As indicated on Figure 22 and Figure 23 previously, the prevailing wind 

directions in the Nkangala district were found to be from the west, north west, north 
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and east. Therefore, mine dust particles are mostly transported from the directions 

mentioned above and deposited on the east, south east, south, and west. This 

provided an indication of the regions which are most likely to be affected by the dust 

emissions. Figure 24 provided an indication of the high wind frequency periods over a 

one-year period. During August and September 2018, the wind exceeding the critical 

speed (6 m/s) blew for the longest time. This indicates that the mine dust emissions 

are expected to be high during the month of August and September and transported 

over longer spatial extents compared to other months. Thus, during these months, the 

wind blowing contributes more towards the impacts of coal mining dust emissions. 

This was useful in identifying periods with high risk due to dust emissions. 

The map showing the coal mining waste stockpiles produced through the application 

of supervised Random Forest classification mentioned above is incorporated with this 

wind data to create a risk map. The map provides the location of communities and 

coal mining operations while wind data provides an indication on the map of where the 

mine dust emissions are most likely to be transported and deposited through wind 

transport including the high wind frequency periods. An integration of remotely sensed 

images (supervised Random Forest classification) and wind data is then used to 

access the areas which are mostly affected and therefore a risk map can be created. 

5.4 Risk map 

The final result is the risk map which shows areas that are high, medium and low risk, 

represented by the colours red, yellow and blue respectively. Also included on the map 

is mining operations and population density of areas which were identified as high 

dense population areas. Mining operations on the risk map include, ash dumps, coal 

discard and coal stockpiles. It can be seen from the risk map that the majority of the 

Nkangala district, mostly the top region, is classified as low risk and this can be 

attributed to the results obtained from the identification of coal mining areas which 

show that the majority of coal mining areas in the Nkangala district are not spread wide 

across the district, instead they are located mostly in the bottom left region.  

This meant that areas that are located in regions where there is minimal or no mining 

operations were classified as low risk.  Secondly, in creating the risk map above, only 

the areas identified as high dense population areas together with the areas in close 

proximity to them were considered. From the risk map results, the following areas were 

classified as high risk; Hlalanikahle and Vosman in Emalahleni, Mhluzi in Middelburg, 

Thubelihle in Kriel and Siyathuthuka in Makhazeni. The following were classified as 

medium risk; Delmas and Phola. And the remaining areas were classified as low risk 

population. It is important to note that this map considers areas or communities 

occupied by people, hence this risk map can be viewed as to only evaluate risk to the 

human population occupying these areas.  
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The Government together with mines can use the results of the risk map, particularly 

by targeting their mitigation strategies in areas identified as high risk and focusing on 

time periods where risk is shown to be the highest. Some of these mitigation strategies 

include; adequately wetting the coal product at the face during transportation, water 

application to the road surfaces and stockpiles, application of salts which can increase 

roadway surface moisture by extracting moisture from the atmosphere, low speed limit 

for haul trucks and regular maintenance on blasting and drilling equipment. For these 

strategies to be effective, the government has a huge role to play which is to ensure 

mining operations comply with the National Environment Management Air Quality 

Control Act and the National Dust Control Regulation Act, which make provision for 

air-quality control and dust-control management respectively.  
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6. Conclusions 

The purpose of this study was to determine the extent and impact of coal mine waste 

with respect to coal mining dust emissions in South Africa through the use of remote 

sensing and meteorological data. This provided an indication of the areas which are 

most likely to be affected by dust emissions from the coal mine waste stockpiles. The 

key objectives and hypothesis considered for this research project are discussed 

below: 

6.1  Use remote sensing imagery to map coal mines and waste facilities 

Two different mapping techniques were considered in mapping the coal mining areas 

and waste facilities. This includes the raster calculation classification approach and 

the supervised Random Forest classification approach. Upon reviewing the results 

obtained from each technique tested, the supervised Random Forest classification 

was chosen over the raster calculation method. This was because the supervised 

Random Forest classification had a better accuracy in identifying different coal mine 

waste facilities than the raster calculation as discussed previously.  

6.2  Identify high dust emission frequency periods using meteorological data 

Meteorological data used in assessing how the atmospheric conditions contributes 

towards the coal mining dust emissions was the wind characteristics in the region on 

Nkangala district. Wind with speed of at least 6 m/s was considered for this 

assessment as this is the minimum speed required for dust particle transportation. The 

results had shown that the prevailing wind direction in this region blows from the west, 

north west, north, and east. Thus, dust particles are mostly deposited from the 

directions above. The high dust emissions frequency period also formed part of this 

assessment and were found to be high during the months of August and September. 

This provided an indication the period where the mine dust emissions area transported 

for longer periods and larger spatial extents.  

6.3  Evaluate risk to communities and environment and create a risk map that will 

identify high risk areas that require prioritized mitigation measures. 

The method that was followed and the indicators that were considered in creating the 

risk map, resulted in a risk map that evaluates risk to communities only and excluding 

the environment aspect due to time constraints. A factor which would have been 

incorporated to evaluate risk to the environment is the identification and location of 

conservation areas relative to the coal mining areas. The risk map also identifies high 

risk communities that require prioritized mitigation measures.  

6.4  Provide groundwork for further investigative work on the associated health risks.  

The high dense population areas which are classified as high risk from the results of 

this project can be investigated further in terms of finding out the health condition of 

people living in these areas and it can be expected that most of their health issues can 

be attributed to dust emissions since they occupy areas classified as high risk. 
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6.5 Hypothesis 

The hypothesis formulated postulated that remotely sensed data, in conjunction with 

meteorological data can be used in identifying the coal mine waste facilities including 

the mining operations and thereafter identify high risk areas to focus mitigation and 

management strategies on. Based on the outcomes obtained during the course of this 

project, it is evident that remotely sensed data is useful in identifying or mapping the 

coal waste facilities and mining operations as was done with the aid supervised 

Random Forest classification technique. Meteorological data which in this case was 

the wind characteristics, demonstrated its ability to assess the risks associated with 

coal mining dust emissions when integrated together with remote sensing. This 

information will be useful in implementing management and mitigation strategies in 

areas which are highly affected and require attention. Therefore, the hypothesis 

postulated is accepted based on the results obtained and discussed.  
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7. Recommendations 

There is a number of different factors that should be taken into account when 

assessing the impacts of coal mine dust emissions to improve the accuracy of the 

outcomes reported. Such factors include soil moisture, topography, and precipitation. 

These factors couldn’t be integrated and evaluated as a result of time constraints. Soil 

moisture has an effect on the extent of dust particles’ emissions because it determines 

how strongly the dust particles are bound to the ground and therefore how easily can 

they be detached and transported by agents of erosion such as wind.  

Precipitation has a direct relationship with the soil moisture because the amount of 

precipitation determines how much water infiltrates through the soil and thus the soil 

moisture. Therefore, either soil moisture or precipitation could be evaluated. 

Topography also has an effect on the extent of dust emissions because the elevation 

and gradient of a surface influences the degree of propagation of dust particles 

suspended in air. Steep and elevated surfaces would block the wind and thus restrict 

the transport of dust particles and vice-versa for gentle and low-lying areas. Therefore, 

an assessment of topography would have a significant contribution towards improving 

the reliability of results.  

The results of the risk map could be improved by considering areas with less than 10 

people per pixel, by doing this, more areas would be considered high dense population 

areas and these areas would be further classified as either high or medium risk instead 

of just low risk and the appearance of the colours red and yellow, which represent high 

and medium risk respectively, would become more apparent on the map. 
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