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4. ABSTRACT 
 

Dust sampling in Australian coal mines is carried out with cyclone separation and 

collection of the sized particles for weighing, generally over the period of a full shift 

to measure personal exposure levels to airborne contaminants of employees. This 

testing methodology is described in AS2985 for determination of respirable dust and 

AS3640 for inhalable dust. These testing methodologies give an accurate figure for 

the personal dust exposure levels of employees for the period sampled, but cannot be 

related to any specific longwall operational sources of dust generation or to the 

efficiency of dust mitigation controls installed at those sources. 

 

Fugitive dust on longwalls has always been an issue of concern for production, safety 

and the health of workers in the underground coal mining industry both in Australia 

and globally. Longwall personnel can be exposed to harmful respirable and inhalable 

dust from multiple dust generation sources including, but not limited to: intake entry, 

belt entry, stageloader/crusher, shearer, and chock advance. With the increase in 

production created from the advancement in longwall equipment, dust loads have also 

increased and this has resulted in an increase in exposure levels to personnel. 

 

The main objective of this thesis was to develop a new dust monitoring methodology 

to quantify and document both respirable and inhalable dust magnitudes generated 

from different sources, and assess the efficiency of installed controls for the 

mitigation of produced dust, using gravimetric sampling as per statutory requirements. 

The resulting Dust Mitigation Efficiency (DME) model has been developed to 

identify respirable and inhalable dust loads at independent sources of dust generation 

on longwall faces and quantify the efficiency of installed controls for the mitigation of 

this produced dust.  

 

The DME model will shed some fundamental and scientific insights into an area of 

genuine concern to the mining community and will enhance the current practices of 

statutory dust monitoring. It will also offer a significant benefit to the coal mining 

industry by providing a benchmark or signature dust load monitoring procedure along 

with the implementation of quantified best mitigation practices. 
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The DME model has been used to identify respirable and inhalable dust loads at 

independent sources of dust generation on longwall faces and quantify the efficiency 

of installed controls for the mitigation of this produced dust. The data collected from 

each of the sampled mines during the field trials has been used to create a benchmark 

or signature for each longwall of those mines in relation to dust loads from different 

sources of generation to ensure maximum efficiency in removing respirable and 

inhalable dusts. 

 

The DME model has also successfully identified the most efficient installed 

engineering controls operating at individual sources of respirable and inhalable dust 

generation on operating longwalls in Australia. The use of the DME model as 

opposed to the statutory measurement process will allow mine operators to establish a 

dust mitigation regime based on the measured best practice for installed engineering 

controls. 

 

A total of 360 samples were taken for data analysis to quantify the robustness of the 

DME model and determination of the best practice engineering controls. Of these, 190 

were respirable samples and the remaining 170 were inhalable samples. With the 

DME model, it is envisaged that a greater reduction in both respirable and inhalable 

dust can be achieved with best practice engineering, which will have a direct 

reduction in exposure levels to workers on the face and significantly reduce the risk of 

lung disease in employees. 

 

The establishment of the DME model for respirable and inhalable dust load 

identification and control efficiency determination has shown to be a valuable and 

robust informational tool that will have a significant benefit to not only the 

underground coal industry, but all industries that are affected by airborne 

contaminants less than 10 m  in size (PM10). The ability to understand the actual 

dust production, coupled with the quantification of performance of installed 

engineering controls for dust mitigation, will give all operators of dust producing 

activities a valuable tool to better control their airborne contaminants.  

 

It is suggested that further studies be undertaken to include; 
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 the use of Personal Dust Monitors (PDM’s) for data collection with the DME 

model used to calculate efficiencies; 

 use of the DME model to better understand respirable and inhalable dust 

production and control in development panels and bord and pillar mining; 

 medical research be conducted to understand how much respirable and 

inhalable dust is actually required to be ingested to create medical problems, 

and; 

 comprehensive research into the accuracy of current exposure level limits and 

their suitability to the continually increasing production in the global mining 

industry. 

 

By better understanding respirable and inhalable dust production and application of a 

best management practice to mitigate airborne contaminants, a significantly healthier 

workplace and environment will be achieved. 
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9. GLOSSARY OF TERMS 
 

 

Aerodynamic diameter: Particles of a given aerodynamic diameter move within the 

air spaces of the respiratory system identically, regardless of density or shape.  

 

Chronic obstructive pulmonary disease (COPD): Includes chronic bronchitis 

(inflammation of the lung airways associated with cough and phlegm production), 

impaired lung function, and emphysema (destruction of the air spaces where gas 

transfer occurs). COPD is characterized by irreversible (although sometimes variable) 

obstruction of lung airways.  

 

Coal workers’ pneumoconiosis (CWP): A chronic dust disease of the lung arising 

from employment in an underground coal mine. In workers who are or have been 

exposed to coal mine dust, diagnosis is based on the radiographic classification of the 

size, shape, profusion, and extent of parenchymal opacities.  

 

Crystalline silica: Silicon dioxide (SiO2). “Crystalline” refers to the orientation of 

SiO2 molecules in a fixed pattern as opposed to a nonperiodic, random molecular 

arrangement defined as amorphous. The three most common crystalline forms of free 

silica encountered in general industry are quartz, tridymite, and cristobalite. In coal 

mines, the predominant form is quartz.  

 

Inhalable coal mine dust: That portion of airborne dust in coal mines that is capable 

of entering the gas-exchange regions of the lungs if inhaled: by convention, a particle-

size-selective fraction of the total airborne dust; includes particles with aerodynamic 

diameters less than approximately 20 μm. 

 

Progressive massive fibrosis: Coal workers’ complicated pneumoconiosis. Diagnosis 

is based on determination of the presence of large opacities (1 cm or larger) using 

radiography or the finding of specific lung pathology on biopsy or autopsy.  

 

Quartz: Crystalline silicon dioxide (SiO2) not chemically combined with other 

substances and having a distinctive physical structure.  
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Respirable coal mine dust: That portion of airborne dust in coal mines that is capable 

of entering the gas-exchange regions of the lungs if inhaled: by convention, a particle-

size-selective fraction of the total airborne dust; includes particles with aerodynamic 

diameters less than approximately 10 μm. 
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1. CHAPTER ONE – GENERAL INTRODUCTION 
  

1.1 General 

 

Production from longwall mining in Australia has increased remarkably over the last 

several years. This increased productivity has meant that more dust is being produced 

and controlling respirable and inhalable dust continues to present one of the greatest 

ongoing challenges for coal mine operators. A report by the director of mine safety 

operations branch of Industry & Investment NSW has found that there is an 

increasing level of dust being ingested by coal miners in New South Wales, 

potentially leading to long-term health problems (ILN, 2010). This increased exposure 

level for underground workers can be directly attributed to the increase in coal 

production and the continued development of medium and thick seam mines in 

Australia which allow the installation of bigger and more productive longwall 

equipment. 

 

Currently in Australia there are 29 operating longwall coal mines. Of these 29, there 

are 19 operating in NSW and 10 operating in QLD. NSW longwalls mined a total of 

45,102,400 tonnes of coal in Financial Year (FY) 2011/12 whilst QLD longwalls 

mined a total of 33,345,800 for the same period. Table 1.1 details NSW mines in 

order of tonnes produced in FY 2011/12 (ILN, 2012). 

 

Table 1.1  NSW Mines in Order of Tonnes Produced in FY 2011/12 (ILN, 2012) 

Mine Longwall Production 

Ulan 5,440,100 

Mandalong 4,836,100 

North Wambo 4,565,500 

Dendrobium 3,861,600 

Angus Place 3,525,500 

Appin/Appin West 3,193,100 

West Wallsend 2,922,800 

Tahmoor 2,438,400 

West Cliff 2,293,900 

Ravensworth 2,075,000 

Springvale 1,971,000 
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Austar 1,658,800 

Metropolitan 1,595,200 

Integra 1,417,900 

Ashston 1,376,800 

NRE Wongawili 741,200 

Chain Valey (b) 599,000 

Blakefield South (a) 413,600 

NRE No1 (c) 176,900 

Total 45,102,400 

 

Table 1.2 details QLD mines in order of tonnes produced in FY 2011/12. 

 

Table 1.2  QLD Mines in Order of Tonnes Produced in FY 2011/12 (ILN, 2012) 

Mine Longwall Production 

Oaky North 7,187,200 

Kestrel 5,000,000 

Grasstree 3,775,900 

Oaky Creek No1 3,488,200 

Moranbah North 3,172,100 

Broadmeadow 3,104,800 

Newlands Northern 2,347,800 

Carborough Downs  2,018,900 

Crinum East/North 2,018,900 

North Goonyella 1,232,000 

Total 33,345,800 

 

Australia currently has 10 thick seam mines operating. Thick seam mines have been 

characterised as cutting heights greater than 3.5m (Atkinson, 1979). The remaining 19 

longwall mines are characterised as medium seam mines, that is, greater than 2.1m 

cutting height. 

 

Table 1.3 details the thick seam mines in Australia in order of cutting height. 

 

Table 1.3 Thick Seam Mines in Australia in Order of Cutting Height (ILN, 2012) 

Mine  State  Cutting Height (m) 

Mandalong  NSW  4.8 

Broadmeadow  Qld  4.8 

Newlands Northern  Qld  4.5 

Moranbah North  Qld  4.5 

North Goonyella  Qld  4.5 

Carborough Downs (a)  Qld  4.5 

West Wallsend  NSW  4.0 

Dendrobium  NSW  3.7 

NRE Wongawilli (formerly Delta / Elouera)  NSW  3.7 

Oaky North  Qld  3.6 
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Table 1.4 details the medium thickness seam mines in Australia in order of cutting 

height. 

 

Table 1.4 Medium Seam Mines in Australia in Order of Cutting Height (ILN, 

2012) 

Mine  State  Cutting Height (m) 

Crinum East  Qld  3.4 

Ulan  NSW  3.2 

Angus Place  NSW  3.2 

Springvale  NSW  3.2 

Metropolitan  NSW  3.2 

Appin / Appin West  NSW  3.2 

Beltana / Blakefield South  NSW  3.1 

Kestrel  Qld  3.0 

Oaky Creek No1 (d)  Qld  2.9 

Austar  NSW  2.9 

Ravensworth (formerly Newpac No1)  NSW  2.8 

Bundoora  Qld  2.8 

Integra (formerly Glennies Creek)  NSW  2.8 

Grasstree  Qld  2.7 

West Cliff  NSW  2.7 

Ashton  NSW  2.7 

Baal Bone  NSW  2.7 

North Wambo  NSW  2.5 

Tahmoor  NSW  2.1 

 

Although the industry has had some success in the control of respirable dust, such 

control strategies have not been readily transferred to the control of inhalable dust, 

and according to a Safety Alert issued by the Department of Investment and Industry, 

improved dust control measures will be required in the underground coal mines of 

NSW, especially longwall mines in the Newcastle and Hunter Valley districts, to 

control inhalable dust (ILN, 2010). 

 

Studies by NIOSH in the USA have shown that prolonged exposure to excessive 

levels of airborne respirable coal dust can lead to Coal Workers’ Pneumoconiosis 

(CWP), Progressive Massive Fibrosis (PMF), and Chronic Obstructive Pulmonary 

Disease (COPD) (NIOSH, 2010). These diseases are irreversible and can be 

debilitating, progressive and potentially fatal. The continued occurrence of CWP in 

underground coal mine workers and the magnitude of respirable and inhalable dust 

overexposures in longwall mining occupations illustrate the need for the mining 

industry to improve existing dust control technology on longwalls not only the USA,  
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but Australia as well to prevent the incidence of lung diseases from occurring in 

Australia and from escalating to epidemic scales in the USA. 

 

Fugitive dust on longwalls has always been an issue of concern for production, safety 

and the health of workers in the underground coal mining industry both in Australia 

and globally. Longwall personnel can be exposed to harmful dust from multiple dust 

generation sources including, but not limited to: intake entry, belt entry, 

stageloader/crusher, shearer, chock advance and dust ingress from falling goaf or over 

pressurisation of the goaf. With the increase in production created from the 

advancement in longwall equipment, dust loads have also increased and this has 

resulted in an increase in exposure levels to personnel. 

 

Only a small fraction of respirable and inhalable dust becomes airborne during the 

cutting cycle, yet it is still too much to be sufficiently diluted by the ventilation 

airflow so as to maintain respirable and inhalable dust levels to statutory levels.  

Studies have shown that for every 1,000 tonnes of coal produced, 0.5 to 1.5 mg/m3 of 

respirable dust is added to the longwall face atmosphere (Bell., etal, 1993).  Installed 

engineering controls have been shown to effectively control longwall respirable and 

inhalable dust for production levels of between 2,000 - 3,000 tonnes/shift (Balusu, 

1993), however, with current longwall production of greater than 6,000 tonnes per 

shift, installed controls are no longer capable of ensuring compliance with statutory 

levels. 

1.2   Statement of the problem 

 

Fugitive dust on longwalls has always been an issue of concern for production, safety 

and the health of workers in the underground coal mining industry both in Australia 

and globally. Longwall personnel can be exposed to harmful respirable and inhalable 

dust from multiple dust generation sources including, but not limited to: intake entry, 

belt entry, stageloader/crusher, shearer, and chock advance. With the increase in 

production created from the advancement in longwall equipment, dust loads have also 

increased and this has resulted in an increase in exposure levels to personnel. The 

industry has been using statutory dust measurements in underground coal mines  
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conducted by both SIMTARS and Coal Services which rely on AS 2985 for respirable 

size dust particles, and AS 3640 for inhalable size dust particles. The majority of dust 

sampling to date has been done with cyclone separation and collection of the sized 

particles for weighing, generally over the period of a full shift. Although this method 

provides an accurate measurement for the total dust exposure for the period sampled, 

it does not always accurately reflect the source, quantity and timing of respirable dust 

entering the longwall from different sources, hence presents difficulties in 

determining the relative effectiveness of the different control technologies in use. 

 

A recent investigation conducted by the US National Public Radio (NPR) and its 

partner on the project the Center for Public Integrity (CPI) have determined that black 

lung in the USA has soared to “epidemic” levels and cases have doubled among 

America’s coal miners over the past decade. It has also been determined that this 

increase in the incidence of black lung has occurred as a result of protective 

regulations not keeping pace with the increase in coal production due to 

mechanisation (ILN, 2012). 

 

The research reveals cases of advanced black lung have spiked more than fourfold 

since the 1980s and while black lung experts and advocates of mine safety had pushed 

warnings of the disease’s resurgence in coal for the past 17 years, the mining industry 

and federal regulators had known about miners’ exposure and associated issues but 

the system for controlling dust had been weak. Additionally, in its data review, NPR 

said inaccurate reporting of compliance dust sampling sometimes included fraud. 

 

NPR and the CPI also argue in their report that regulations have not run parallel with 

the escalation of black lung. The last significant amendment to federal law that 

included coal mine dust exposure was the Federal Coal Mine Health and Safety Act of 

1969, which set a standard for coal dust exposure of 2 milligrams per cubic meter of 

air, or about 25% of the concentrations miners at the time were taking in. The act also 

included free diagnostic chest X-rays every five years and also called for a federal 

compensation program for those diagnosed with the disease. NPR and CPI have 

reiterated the findings of the Davitt McAteer report which found that autopsies of the  
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29 victims from the Upper Big Branch mine explosion in 2010 showed that among the 

24 victims with sufficient lung tissue for testing, 71% had evidence of the disease 

including lung nodules and lesions. According to McAteer, the prevalence rate is ten 

times the average for that region of southern West Virginia. 

 

NIOSH consultant Edward Petsonk, a West Virginia University pulmonologist has 

commented that from the patterns, the severity, and from the prevalence of black lung, 

there must be a situation in which the dust in many mines is simply not adequately 

controlled (ILN, 2012). 

 

In contrast, Australia has not experienced such a dramatic increase in black lung as 

that seen in the United States. According to Coal Services, there are no known cases 

of black lung currently in Australia (Mace, 2008). Mace suggests that the reason for 

this is the existing testing regime which differs significantly from the current testing 

in the US. This difference is discussed in detail in Chapter 5. 

1.3   Aims and Objectives 

 

The objective of this thesis is to conduct a comprehensive monitoring survey on 

representative longwalls (medium to thick seams) to quantify and document respirable 

and inhalable dust magnitudes being generated from different sources on an operating 

longwall, using gravimetric sampling as per statutory requirements, and to quantify 

installed control efficiencies for dust mitigation on longwalls.  

 

Specifically, this thesis aims to: 

 Measure and quantify dust loads at identified sources of dust generation 

utilising traditional gravimetric sampling; 

 

 Evaluate current dust controls and their effectiveness at each of the  sources of 

dust generation; 

 Analyse the most effective control process in place for each source of dust 

generation at other operating longwall mines in both Australia and globally; 
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 Design of a monitoring process and best practices for implementation on 

Australia longwalls to minimise dust exposure levels. 

 

This thesis will involve a detailed study of operational and management practices (e.g. 

cutting methods, ventilation, water sprays, operator position and shift rotation etc.) 

affecting dust control and exposure levels. It is anticipated that the monitoring data 

will be extrapolated to predict dust load distributions including both respirable and 

inhalable dust. The expected outcomes from this thesis include; 

 

 A new dust monitoring methodology to establish benchmark dust loads from 

different sources; 

 Identification of limitations and merits of current dust control practices; 

 Formulation and implementation of best practices and monitoring process to 

mitigate dust exposure levels for longwall workers; and 

 Identification of new areas for improving dust controls and associated 

technologies. 

 

This thesis will enhance the current practices of statutory dust monitoring and offer 

significant benefit to the coal mining industry by providing benchmark dust load 

monitoring procedures and identification along with the implementation of best 

mitigation practices and therefore reduced dust exposure levels of longwall workers to 

statutory requirements. 

1.4   Thesis outline 

 

Chapter 1 presents the general purpose of the research, a statement of the problem 

forming the foundation of the thesis work and a scope of works designed to achieve 

the required outcome of the study. 

 

Chapter 2 defines respirable and inhalable dust fractions, discusses how particles are 

deposited on the human airway tract, the physiological effects of the deposited dust 

and the types of lung disease that are created by this deposited dust. 
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Chapter 3 describes where respirable and inhalable dust is generated on an operating 

longwall and Chapter 4 details the engineering controls currently installed in 

Australian longwalls to mitigate the produced respirable and inhalable dust. 

 

Chapter 5 describes the current methods for monitoring respirable and inhalable dust 

production in both Australia and the USA and discusses the limitation with the 

current testing regime. 

 

Chapter 6 presents the new testing methodology developed to determine dust loads as 

opposed to exposure levels and introduces the concept and practical application of the 

Dust Mitigation Efficiency (DME) model and the data collection process. 

 

Chapter 7 details the field trials undertaken at Australian longwalls for the thesis and 

describes in detail the current controls installed on these longwalls for respirable and 

inhalable dust mitigation. 

 

Chapter 8 presents the results of the respirable and inhalable sampling undertaken 

using the DME model and discusses the results of each of the samples taken at each 

of the mines tested. 

 

Chapter 9 analyses the most efficient parametric configuration of installed controls 

for mitigation of respirable and inhalable dust at the samples sources of dust 

generation and provides a best practice parametric set up to maximise dust mitigation 

efficiencies at known sources of dust generation on operating longwalls. 

 

Chapter 10 is the thesis conclusion and recommendations for further research and 

studies. 
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2.  CHAPTER TWO - DUST: DEFINITIONS, 

DEPOSITION AND PHYSIOLOGICAL EFFECTS 
 

2.1 Dust Definition 

 

Dust has been defined by the International Standardisation Organisation (ISO 4225-

ISO, 1994) as “Small solid particles, conventionally taken as those particles  75 µm in 

diameter, which settle out under their own weight but which may stay suspended for 

some time” (WHO, 1999). Dust has further been defined as "Small, dry, solid 

particles projected into the air by natural forces, such as wind, volcanic eruption, and 

by mechanical or man-made processes such as crushing, grinding, milling, drilling, 

demolition, shovelling, conveying, screening, bagging, and sweeping. Dust particles 

are usually in the size range from about 1 to 100 μm in diameter, and they settle 

slowly under the influence of gravity” (IUPAC, 1990). The Mine Safety and Health 

Administration (MSHA, 1989) define dust as finely divided solids that may become 

airborne from the original state without any chemical or physical change other than 

fracture. Dust consists of tiny solid particles carried by air currents. These particles 

are formed by a disintegration or fracture process, such as grinding, crushing, or 

impact (USDOL, 2008). 

 

Particle size is considered the most important physical characteristic of airborne 

particulate matter (WHO, 1984).  

 

Particle size is a linear length measure, measured in SI unit (μm). In this sense it can 

be uniquely defined only for spheres, where it is the diameter (or radius). For all other 

shapes, particle size must be clearly defined via a measuring procedure. Further 

research suggests that it is an oversimplification to refer to the particle size of dust as 

“particle diameter” alone (WHO, 1999). The size of a particle is usually defined by its 

diameter, unless its geometric shape is known (WHO, 1984).  

 

However, the diameter of the particle gives no explanation as to how the particle 

actually behaves once it has become airborne. Therefore, it has been further suggested 
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that the most appropriate measure of particle size, for most occupational hygiene 

situations, is particle aerodynamic diameter. This definition has been derived from the 

falling velocity of a particle in still air. When a particle is released from rest and falls 

in still air, it is subject to the downward force of gravity and the opposing 

aerodynamic drag of the atmosphere (WHO, 1984). The balance between these 

opposing forces is readily achieved and the particle falls at a steady velocity known as 

its terminal velocity (WHO, 1999, and Park, 2012). Figure 2.1 shows a diagrammatic 

representation of the terminal velocity achieved by a particle in motion. 

 

 

Figure 2.1  Particle Drag and Terminal Velocity Diagram (Park, 2012) 

 

The World Health Organisation (WHO) has defined particle aerodynamic diameter as 

"the diameter of a hypothetical sphere of density 1 g/cm3
 having the same terminal 

settling velocity in calm air as the particle in question, regardless of its geometric size, 

shape and true density." The aerodynamic diameter expressed in this way is 

appropriate because it relates closely to the ability of the particle to penetrate and 

deposit at different sites of the respiratory tract, as well as to particle transport in 

aerosol sampling and filtration devices (WHO, 1999). 
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Particle shape is a complex geometric characteristic. It involves the form and habit of 

the particle as well as features like convexity and surface roughness. The science on 

shape characterization is broad and so is the number of possible definitions of shape 

factors. Furthermore, particles actually exist in the shape of a non-sphere and it is 

therefore difficult to determine the particle size by particle diameter alone (Pabst and 

Gregorová, 2007). 

 

Therefore, particle diameters can also be determined by measuring a size-dependent 

property of the particle and relating it to a single linear dimension. The most widely 

used of these are the equivalent diameters, in particular the equivalent spherical 

diameters (Pabst and Gregorová, 2007). The equivalent diameter is determined as dust 

particles will fall at a different terminal velocity to that of a sphere, due to the 

irregularity of the particle shape. Figure 2.2 details the reason for the difference in 

particle terminal velocity to the terminal velocity of a sphere. 

 

 

Figure 2.2  Drag Force for Different Particle Shapes (Park, 2012) 
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A further alternative description sometimes used for particle size is the Stokes’ 

equivalent diameter, which refers to the physical diameter of a spherical particle of 

the same average density and the same falling speed. According to this description the 

terminal settling velocity of a spherical particle with a diameter in the range of 1 to 50 

µm is proportional to its density and to the square if its diameter. Particles that are not 

spherical usually fall at a slower rate than predicted by Stokes’ relationship, because 

of their larger projected surface area per unit mass, which creates more resistance to 

their falling (WHO, 1984).  

 

Important equivalent diameters are: 

 

• Volume-equivalent sphere diameter Dvolume = diameter of a sphere with the same 

volume as the particle Vparticle, i.e. 

 

 
Equation 2.1  Volume Equivalent Sphere Diameter (Pabst and Gregorová, 2007) 

 

e.g. for a cube with edge length 1μm (volume 1 μm
3
) we have Dvolume = 1.24μm. 

 

• Surface-equivalent sphere diameter Dsurface = diameter of a sphere with the same 

surface as the particle Sparticle , i.e. 

 

 
Equation 2.2  Surface Equivalent Sphere Diameter (Pabst and Gregorová, 2007) 

 

e.g. for a cube with edge length 1μm (surface 6 μm
2
) we have Dsurface = 1.38μm. 
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• Stokes diameter DS = equivalent diameter corresponding to the diameter of a sphere 

with the same final settling velocity as the particle undergoing laminar flow in a 

fluid of the same density and viscosity), defined via the Stokes relation 

 

 
Equation 2.3  Stokes Diameter (Pabst and Gregorová, 2007) 

 

where η is the viscosity (of the pure liquid medium without particles), Sρ the 

density of the solid particles, Lρ the density of the pure liquid, g the gravitational 

acceleration and v the final settling velocity. 

 

• Hydrodynamic equivalent diameter DH (= diameter of a sphere with the same 

translational diffusion coefficient Dtranslation as the particle in the same fluid under 

the same conditions), defined via the Stokes-Einstein relation translation 

 

 
Equation 2.4  Hydrodynamic Equivalent Diameter (Pabst and Gregorová, 2007) 

 

where k is the Boltzmann constant, T the absolute temperature and η the viscosity 

of the liquid medium (the diffusion coefficient must be extrapolated to zero 

concentration) (Pabst and Gregorová, 2007). 

 

It is generally accepted in aerosol science that particles with aerodynamic diameter 

>50 m do not usually remain airborne very long: they have a terminal velocity 

>7cm/sec. However, depending on the conditions, particles even >100 m may  
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become (but hardly remain) airborne. Furthermore, dust particles are frequently found 

with dimensions considerably <1 m and, for these, settling due to gravity is 

negligible for all practical purposes. The terminal velocity of a 1 m particle is about 

0.03 mm/sec, so movement with the air is more important than sedimentation through 

it. Therefore, it is considered that dusts are solid particles, ranging in size from 1 μm 

up to at least 100 μm, which may be or may become airborne, depending on their 

origin, physical characteristics and ambient conditions (WHO, 1999). 

2.2 Dust Fractions 

The size of contaminants and particles are usually described in microns (μm), a metric 

unit of measure where one micron is one-millionth of a meter. There are 25,400 

microns in one inch. The eye can see particles to about 40 μm (Engineering Toolbox, 

2012). Figure 2.3 shows a diagrammatic comparison of particle sizing. 

 

Figure 2.3  Comparative Particle Sizing (US EPA Office of Research and 

Development, 2012). 

Airborne particles are solids suspended in the air and are defined in sections 2.2.1 and 

2.2.2. 
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2.2.1       Inhalable Dust 

Inhalable dust is that sized fraction that can penetrate the head airways and enter the 

airways of the lung. Examples of dusts for which this fraction is of particular concern 

include cotton and other dusts causing airway disease. Inhalable dust particles are 

hazardous when deposited anywhere within the lung airways, including the mouth and 

nose. Inhalable factions can enter the nose and mouth during normal breathing and the 

particles are between 10 and 100 μm diameter. Inhalable factions are commonly 

referred to as PM10. Other specific characteristics are: 

 

 Sedimentation velocities are greater than 0.2 m/s;  

 Particles settles out slowly; 

 Particles include fine ice crystals, pollen, hair, large bacteria, 

windblown dust, fly ash, coal dust, silt, fine sand, and small dust. 

 

2.2.2       Respirable Dust 

 

Respirable dust is defined as that fraction of the dust reaching the alveolar region of 

the lungs. Respirable dust is that fraction of inhaled airborne particles that can 

penetrate beyond the terminal bronchioles into the gas-exchange region of the lungs.  

Examples of dusts for which the respirable fraction offers greatest hazard include 

quartz and other dusts containing free crystalline silica; cobalt-containing and other 

hard metal dust produced by grinding masonry drill bits; and many others. Respirable 

particles that will penetrate into the gas exchange region of the lungs. Respirable 

particles are a hazardous particulate size less than 10 μm. Respirable factions are 

commonly referred to as PM2.5. Other specific characteristics are: 

 

 The particles fall slowly and may take days or even years to settle out of a 

quiet atmosphere. In a turbulent atmosphere they may never settle out; 

 They can be washed out by water or rain; 

 They may include viruses, small bacteria, metallurgical fumes, soot, oil 

smoke, tobacco smoke, clay, and fumes (Engineering Toolbox, 2012, WHO, 

1999, and McPherson, 2009). 
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2.3  Particle Deposition in the Human Airway Tract  

 

The largest inhaled particles, with aerodynamic diameter greater than about 30 m, 

are deposited in the airways of the head, that is, the air passages between the point of 

entry at the lips or nose and the larynx. During nasal breathing, particles are deposited 

in the nose by filtration by the nasal hairs and impaction where the airflow changes 

direction. Retention after deposition is helped by mucus, which lines the nose. In most 

cases, the nasal route is a more efficient particle filter than the oral, especially at low 

and moderate flow rates. Thus, people who normally breathe part or all of the time 

through the mouth may be expected to have more particles reaching the lung and 

depositing there than those who breathe entirely through the nose. During exertion, 

the flow resistance of the nasal passages causes a shift to mouth breathing in almost 

all people. Other factors influencing the deposition and retention of particles include 

cigarette smoking and lung disease. 

 

Of the particles which fail to deposit in the head, the larger ones will deposit in the 

tracheobronchial airway region and may later be eliminated by mucociliary clearance. 

The smaller particles may penetrate to the alveolar region, the region where inhaled 

gases can be absorbed by the blood. In aerodynamic diameter terms, only about 1% of 

10m particles get as far as the alveolar region, so 10 m is usually considered the 

practical upper size limit for penetration to this region. Maximum deposition in the 

alveolar region occurs for particles of approximately 2 m aerodynamic diameter. 

Most particles larger than this have deposited further up the lung. For smaller 

particles, most deposition mechanisms become less efficient, so deposition is less for 

particles smaller than 2 m until it is only about 10-15% at about 0.5 m. Most of 

these particles are exhaled again without being deposited. For still smaller particles, 

diffusion becomes an effective mechanism and deposition probability is higher. 

Deposition is therefore a minimum at about 0.5 m (WHO, 1994, and McPherson, 

2009).  
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Particles small enough to stay airborne may be inhaled through the nose (nasal route) 

or the mouth (oral route). The probability of inhalation depends on particle 

aerodynamic diameter, air movement round the body, and breathing rate. Dust 

particles in the fraction range of 2-5 μm will penetrate deeper into the lungs than 

larger dust particle fractions (Horiba, 2010, Engineering Toolbox, 2012, WHO, 1999, 

and McPherson, 2009). 

 

Figure 2.4 shows particle size deposition in the human airway tract. 

 

 

Figure 2.4  Particle Size Deposition in the Human Airway Tract (USDOL, 2008) 

 

The purpose of the lungs is to supply oxygen needed by the body’s cells and to 

remove produced carbon dioxide. This process is referred to as gas exchange. As 

shown in Figure 2.5, air entering through the nose or mouth passes through a filter of 

hairs called cilia, in order to enter a larger chamber where the air velocity is reduced, 

called the nasopharynx (U.S. Department of Labor, Mine Safety and Health 

Administration, 2008). This nasal region is the first line of defence against airborne 

particulates and removes the larger dust particles by causing the inhaled air to swirl 

around the bone and cartilage in the nasal region and become trapped in the cilia. 

Those particles remain trapped in the cilia until they are blown out or pass back  
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through the nasopharynx to be swallowed. Throughout the nasopharynx and all of the 

branched air passages leading to the alveoli, the walls are lined with cilia and mucous-

secreting cells which wave to and fro with a directional bias that promotes movement 

of the mucous towards the throat where it can be swallowed. 

 

This process is called mucociliary action.  Most dust particles greater than 10 μm in 

size are captured by the hair filter or mucous before inhaled air reaches the larynx. 

Inhalation of air through the mouth bypasses the protection offered by the nostrils and 

nasopharynx (McPherson, 2009). 

 

 

 

Figure 2.5   Human Airway Tract (USDOL, 2008) 

 

Once inhaled, the particles may then either be deposited into the human airway tract 

or exhaled again, depending on a range of physiological and particle-related factors 

and environmental parameters (WHO, 1999, McPherson 2009, and Engineering 

Toolbox, 2012). 

Nasopharynx 
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There are five mechanisms for dust fractions to be deposited into the human airway 

tract. These are sedimentation, inertial impaction, diffusion (significant only for very 

small particles < 0.5 m), interception, and electrostatic deposition (Pabst and 

Gregorová, 2007, McPherson, 2009, WHO, 1999, and Breysse, etal., 2006). Figure 

2.6 shows where in the lungs dust articles are deposited. Sedimentation, impaction 

and diffusion are the most important mechanisms in relation to inhaled airborne dust, 

and these processes are governed by particle aerodynamic diameter (Breysse, etal., 

2006).  

 

 

Figure 2.6  Diagram Showing Important Deposition Mechanisms (Breysse, et.al, 

2006) 

 

2.3.1 Sedimentation 

 

Sedimentation is the tendency for particles in suspension to settle out of the medium 

in which they are suspended, in this instance the particles are suspended in the inhaled 

air of the lungs, and come to rest against a Barrier. This is due to their motion through 

the air in response to the forces acting on them. In relation to dust deposition in the 

lungs, this term refers to the gravitational settlement of dust particles and is most 

effective at low air velocities for dust particles greater than 0.5 μm. Smaller particles 

become subject to Brownian motion (see 2.3.1.1) and diffusion effects (see 2.3.3). 

Sedimentation assists in the deposition of larger particles in the nasopharynx during 

the reversal points of the breathing cycle, ie, exhalation. More importantly, however, 

http://en.wikipedia.org/wiki/Particle_%28ecology%29
http://en.wikipedia.org/wiki/Suspension_%28chemistry%29
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sedimentation is an effective mechanism of deposition in the low velocity laminar 

flows within the finer bronchioles and the alveoli (McPherson, 2009). 

 

Another factor that aids dust particle deposition is that the full capacity of human 

lungs is seldom used. During normal breathing the volume of air inhaled into the 

lungs may utilise only up to 65 to 75 percent of lung capacity. Sedimentation of dust 

particles will occur in the stagnant air of the unused dead-space. A phase of heavy 

breathing followed by a normal breathing period will first draw dust particles into the 

deeper recesses of the lung and then encourage deposition by sedimentation in the 

dead-space as breathing becomes shallower (McPherson, 2009). 

 

Figure 2.7 shows a diagrammatic representation of the sedimentation process by 

which a particle in an airstream is pulled downward through the bronchioles by 

gravity until it strikes a stationary obstacle (e.g. alveoli) and is removed from the air 

(Breysse, etal., 2006). 

 

 

Figure 2.7  Sedimentation of an Inhaled Particle (Michigan Tech, 2012) 

 

2.3.1.1 Brownian Motion  

 

Brownian motion is the path taken when a particle moves randomly in d-dimensional 

space without making very big jumps. On the microscopic level, at any time step, the 

particle receives a random displacement, caused for example by other particles hitting 

it or by an external force, for example gravity (Mörters and Peres, 2012). Brownian 

motion has been defined in the Columbian Dictionary as a zigzag, irregular motion 

Bronchioles Alveoli 
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exhibited by minute particles of matter when suspended in a fluid. It has further been 

defined by the American Heritage Dictionary as the random movement of  

 

microscopic particles suspended in a liquid or gas, caused by collisions with 

molecules of the surrounding medium. Brownian motion has been observed in all 

types of colloidal suspensions solid-in-liquid, liquid-in-liquid, gas-in-liquid, solid-in-

gas, and liquid-in-gas. The effect, being independent of all external factors, is ascribed 

to the thermal motion of the molecules of the fluid. These molecules are in constant 

irregular motion with a velocity proportional to the square root of the temperature. 

Small particles of matter suspended in the fluid are buffeted about by the molecules of 

the fluid. Brownian motion is observed for particles about 0.001 mm in diameter; 

these are small enough to share in the thermal motion, yet large enough to be seen 

with a microscope or ultramicroscope (American Heritage Dictionary, 2012). 

2.3.2 Inertial Impaction 

 

Inertial impaction is the deposition of large aerosol particles on the walls of an airway 

conduit. The impaction tends to occur where the airway direction changes. Small 

particles have less inertia and are more likely to be carried around corners and 

continue in the path of the airflow (Mosby Medical Dictionary, 2009). 

 

Due to inertia, a dust particle moving in a lung airstream can strike stationary 

obstacles in its path. As the airstream deflects around the obstacle, the particle 

continues toward the object and impacts it. The obstacle in the lung is usually the 

alveoli at the end of the branching bronchioles as shown in Figure 2.8 (USEPA, 

2012). 

 

The efficiency of impaction is directly proportional to the impaction parameter shown 

in Equation 2.6. As the value of this parameter increases, the efficiency of inertial 

impaction increases. This parameter is related to the square of the Stokes particle 

diameter and the velocity of the particle. (USEPA, 2012). 
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Equation 2.5  Inertial Impaction Formula (USEPA, 2012) 

 

Where: 

 

 

The density and, therefore, the momentum of dust particles are greater than that of a 

comparable volume of air in the lungs. At each bend of the lung passages followed by 

air during inhalation and exhalation, dust particles will tend to follow a straight line as 

they cannot turn as quick as the air, resulting in the dust particle impacting into the 

mucous coated walls of the lung passages. The effectiveness of deposition by 

impaction increases with the acuteness of the bend and the velocity of the air. 

Constriction of air passages by thickening of the mucous layer, bronchial infections or 

lung damage will result in higher air velocities and increased deposition by impaction. 

Inertial impaction is usually highly efficient for particles larger than 10 μm and 

subsequently becomes progressively less effective as the particle size decreases. 

Impaction is not efficient for particles less than 0.3 μm due to their low inertia 

(USEPA, 2012, and McPherson, 2009). 

 

Figure 2.8 is a diagrammatic representation of inertial impaction whereby a particle 

moving in branching bronchioles is unable to remain in the airstream when there is a 

change in direction. As a result, the particle strikes a stationary obstacle (e.g., surface 

in respiratory system) directly in its path and is removed from the air (Breysse, etal., 

2006). 
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Figure 2.8  Inertial Impaction of an Inhaled Particle (Michigan Tech, 2012) 

2.3.3 Diffusion 

 

Diffusion becomes the dominant collection mechanism for dust particles less than 

0.3μm and is especially significant for particles in the 0.01 to 0.1 μm size range. Very 

small dust particles in lung passages deflect slightly when struck by larger particles. 

Transfer of kinetic energy from the larger particle to the small particle causes this 

deflection (Brownian motion, see 2.3.1.1). These small particles are then captured 

when they impact the mucous wall of the lung or alveoli as a result of this random 

movement (USEPA, 2012).  

 

The effect of diffusion increases as the size of the particles decreases and becomes 

significant for particle diameters of less than 0.5 μm. Although Brownian motion 

occurs throughout the respiratory system, it becomes an effective mode of dust 

deposition only when the mean displacement becomes comparable with the size of the 

air passage. Hence, it is particularly important in the alveoli and finer bronchioles 

(McPherson, 2009). Figure 2.9 is a diagrammatic representation of the diffusion 

process by which the dust particles will strike a stationary obstacle after being 

randomly deflected by a change in direction or other surface in the respiratory system 

(Breysse, etal., 2006). 

Bronchioles 

Alveoli 
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Figure 2.9  Diffusion of an Inhaled Particle (Michigan Tech, 2012) 

2.3.4 Interception 

 

Interception becomes significant for fibrous particles. A dust fibre is often defined as 

a particle where the length to diameter ratio exceeds 3. Such particles tend to align 

themselves with the direction of airflow and fibres 200 μm long can penetrate deeply 

into the lung. Nevertheless, the ends of fibres are likely to contact the walls of air 

passages, particularly at bends and bifurcations, and accumulations of fibres can occur 

at these locations. This is the mechanism of interception (McPherson, 2009, and 

Breysse, etal., 2006). 

 

Figure 2.10 is a diagrammatic representation of the interception process whereby a 

particle moving in lung airstream remains in that airstream but, because of its 

dimensions, strikes a stationary obstacle (e.g., surface in respiratory system) and is 

removed from the air (Breysse, etal., 2006). 

 

 

 

 

Bronchioles 

Alveoli 
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Figure 2.10  Interception of an Inhaled Particle (Michigan Tech, 2012) 

2.3.5 Electrostatic Deposition 

 

Electrostatic deposition is defined as a process in which electrostatic charges cause 

particles to deposit on another surface as a result of magnetic attraction (ORC, 2012). 

 

Within the working areas of a mine, newly produced particles of mineral dust may 

carry a substantial electrostatic charge. The moving electromagnetic fields that 

surround such particles can induce magnetic charges on these particles which, when 

inhaled, can bond with the opposite electrical charge on the walls of air passages in 

the respiratory system. This results in the electrostatic precipitation of particles on to 

the walls and captured by the film of mucous (McPherson, 2009). 

2.4 Physiological Effects of Dust on the Human Body 

 

Respiratory problems caused by exposure to dust are among the oldest identified 

industrial diseases. Early medical opinions in the 1920’s, suggested that only hardrock 

workers were exposed to potential lung diseases from dust. It was identified at the  

 

 

Alveoli 
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time that silicosis from hardrock mining led to tuberculosis and eventual death 

(McPherson, 2009). During that time coal dust was not regarded as particularly 

harmful. However, during the 1930’s, the number of recognized cases of 

pneumoconiosis increased dramatically resulting in the British Medical Research 

Council initiating an investigation into respirable disease within the black coal 

workers of South Wales. Europe and the United States had previously identified the 

hazards of dust in coal mines and by 1950 it was confirmed that workers in 

bituminous coal mines were also exposed to potential dust diseases, particularly 

pneumoconiosis (McPherson, 2009). 

 

However, it took many years for a definitive association to be established between the 

atmospheric contaminants in an operating coal mine and respiratory dysfunction of 

coal workers exposed to these atmospheric contaminants. McPherson suggests that 

there were three reasons for this delay in recognising the association between airborne 

contaminants and lung disease. Firstly, it takes years of exposure to coal dust before 

the coal mine worker shows signs of lung disease and suffers significant breathing 

impairment whilst performing normal activities. Secondly, the onset of lung disease 

often presents symptoms similar to those of naturally occurring ailments such as 

coughing, wheezing, shortness of breath and flu like symptoms. Thirdly, at the time, 

the commonly used method for determining the dust concentration level in the 

atmosphere was to measure the number of particles in a unit volume of air. However, 

the relationship between dust levels measured as a particle count in a unit volume of 

air and the incidence of pneumoconiosis in coal workers was not completely 

understood (McPherson, 2009). 

 

At the International Pneumoconiosis Conference held in Johannesburg, South Africa 

in 1959, a re-direction of pneumoconiosis studies was recommended, with particular 

focus being directed at the limitations to the existing methods of dust sampling. 

Studies had identified that those particles of equivalent diameter less than 5μm were 

the particles most likely to be retained within the lungs and create lung disease in coal 

mine workers. These size particle fractions were named respirable dust. Studies 

further established that the mass concentration of respirable dust in any given  
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atmosphere, over the period of a shift (usually 8 hours) was a much better measure of 

the potential health hazard to a coal mine worker than the existing particle count 

methods (McPherson, 2009). It was from this point forward that the Time Weighted 

Average (TWA) method of determining exposure levels was implemented and 

statutorily enforced. It was also at this time that equipment capable of measuring 

TWA’s in the atmosphere was developed. 

 

Lung diseases caused by the inhalation of coal dust are known by the general term 

pneumoconiosis. This is often referred to as dusted or black lung. 

 

The changes which occur in the lungs vary with the deposition of the different dust 

fractions. For example, the inhalation and subsequent deposition of coal dust in the 

lungs can initially cause symptoms such as; 

 

 coughing;  

 wheeze, or worsening of asthma;  

 increased need for medications (eg: puffers, antibiotics); 

 increased breathlessness; and 

 flu like symptoms. 

 

Continued exposure and inhalation of coal dust can then lead to pneumoconiosis, Coal 

Workers Pneumoconiosis (CWP) and Progressive Massive Fibrosis (PMF). 

 

In contrast, lung disease caused by exposure to silica is much more severe and 

identified by areas of scar tissue surrounded by normal lung tissue. Because the 

injured areas are separated from each other by normal tissue, the lungs do not 

completely lose their elasticity. Some particles are dissolved in the blood stream and 

then carried around the body where it may affect the brain, kidneys and other organs 

(CCOHS, 2012).  
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Health effects resulting from exposure to pneumoconiosis may not appear for many 

years and may in fact only appear after exposure has ceased. This delay in the 

production of symptoms from this exposure may then be mistakenly attributed to non-

occupational conditions such as smoking. Another more serious example is the 

identification of the fatal lung disease mesothelioma. Mesothelioma results from 

exposure to asbestos fibres and cases of the disease have appeared over 40 years after 

actual exposure to the asbestos have occurred. It is important for hygienists, and other 

professionals in this field, to consider the fact that although exposed workers may not 

display any symptoms of lung disease, it should not be assumed that significant lung 

damage has not already occurred. It is now recognised that shorter exposures to higher 

concentrations of pneumoconiosis-producing dusts, has produced cases of acute lung 

disease. (WHO, 1999, and DOL Federal Register, 2010) 

2.4.1 Dust Classifications 

 

Within the alveoli are cells called macrophages (i.e., scavenger cells) that are released 

by the stimulus of foreign bodies, such as dust. The macrophages engulf the dust 

particles deposited in the lung. Some of the dust-laden macrophages, which have the 

ability to move freely within the air spaces of the lung and alveoli, are removed from 

the lung by two different pathways (WHO, 1999, McPherson, 2009, and USDOL, 

2008). 

 

2.4.1.1 Mucociliary Escalator 

 

The dust-laden macrophages move to the finer bronchioles, from which further 

clearance takes place by mucociliary action, as described. Eventually these cells, 

along with the coarser particles initially deposited within the upper respiratory tract, 

reach the mouth and are swallowed or expelled via spiting or coughing. Most of the 

dust deposited in the alveolar spaces is removed in this manner (WHO, 1999, 

McPherson, 2009, and USDOL, 2008). 
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2.4.1.2 Lymphatic System 

 

Dust-laden macrophage cells may pass through the alveolar walls of the lungs into the 

lymphatic system, which starts as a mesh of fine vessels and drains the tissue spaces. 

These vessels come together to form larger and larger vessels that eventually 

discharge the lymph into the bloodstream. At the various branching points 

(bifurcations) of the trachea and the bronchi, the lymph passes through glands termed 

lymph nodes, one of whose functions is the filtration of foreign bodies. Hence, a great 

deal of particulate matter is deposited by the macrophages at the lymph nodes, and it 

is here that fibrosis of healthy tissue often starts. Other dust-laden cells may be 

deposited and remain on the alveolar walls where, again, fibrosis can be initiated 

(USDOL, 2008). 

 

A classification of dusts with respect to potential hazard to the health and safety of 

industrial workers may be divided into five categories. 

 

2.4.1.3 Toxic Dusts 

 

These can cause chemical reactions within the respiratory system or allow toxic 

compounds to be absorbed into the bloodstream through the alveolar walls. They are 

poisonous to body tissue or to specific organs. Coal dust is not typically classified as a 

toxic dust (USDOL, 2008). 

 

2.4.1.4 Carcinogenic Dusts 

 

A combination of abrasion of lung tissue and surface chemical action can result in 

tumour formation from freshly produced quartz particles. Studies have identified that 

an excessive risk for lung cancer in certain dust producing occupations exists. These 

included dust producing occupations such as mining, although coal-mine workers 

were not specifically identified. Increased lung cancer risk among coal-mine workers  
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appears to be found only in those with exposure to high levels of crystalline silica 

(IARC, 1997, AIOH, 2009, and WHO, 1994). 

 

2.4.1.5 Fibrogenic Dusts 

 

The scouring action of many dusts causes microscopic scarring of lung tissue. If 

continued over long periods this can produce a fibrous growth of tissue resulting in 

loss of lung elasticity and a greatly reduced area for gas exchange and lead to 

pneumoconiosis and CWP (IARC, 1997, AIOH, 2009, and WHO, 1994).  

 

2.4.1.6 Explosive Dusts 

 

These are a concern of safety rather than health.  Coal dust becomes explosive when 

small particles become and remain airborne. If an ignition source is encountered with 

sufficient methane in the area, then the ensuing methane ignition can lead to a 

catastrophic dust explosion (IARC, 1997, AIOH, 2009, and WHO, 1994). 

 

2.4.1.7 Nuisance Dusts 

 

Nuisance dust can be defined as dust that contains less than 1% quartz. Because of its 

low content of silicates, nuisance dust has been shown to have little adverse effect on 

the lungs. Any reaction that may occur from nuisance dust is potentially reversible. 

However, excessive concentrations of nuisance dust in the workplace may reduce 

visibility potentially causing accidents or injury, may cause unpleasant deposits in 

eyes, ears, and nasal passages, and may cause injury to the skin or mucous 

membranes by chemical or mechanical action (USDOL, 2008, and McPherson, 2009). 

2.5 Types of Lung Disease 
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2.5.1 Pneumoconiosis 

 

In general, the human respiratory system’s physiological reaction to any inhaled 

particulate depends on many factors, with particle aerodynamic diameter being the 

main consideration relative to coal dust. Pneumoconiosis is the primary concern with 

coal dust (USDOL, 2008). 

 

The term pneumoconiosis is a generic term for damage to cardio-respiratory organs 

caused by the inhalation of dust and effectively means dust in the lungs. It is defined 

by the International Labor Organization (ILO) as the accumulation of dust in the 

lungs and the tissue’s reaction to its presence. The inhalation of coal dust, over a long 

period and at sufficient concentrations, can result in the formation of scar tissue and 

loss of elasticity, referred to as fibrosis. This reaction is termed pneumoconiosis 

(black lung) when linked to coal dust exposure (USDOL, 2008). 

 

Pneumoconiosis occurs in two forms: simple Coal Workers Pneumoconiosis (CWP) 

and complicated CWP which leads to the condition of Progressive Massive Fibrosis 

(PMF). Over sufficiently long periods of exposure a build-up of retained dust occurs 

in the lung tissue in the form of soft plaques within the lung tissue. These can be 

observed as a small spot on chest x-rays (NCBI, 2012). Figure 2.11 shows a chest x-

ray of simple pneumoconiosis in a coal workers lung. There are diffuse, small (2 to 4 

mm each), light areas throughout both lungs. In the right upper lung (seen on the left 

side of the picture), there is a light area (measuring approximately 2 cm by 4 cm) with 

poorly defined borders, representing coalescence (merging together) of previously 

distinct light areas (NCBI, 2012). 
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Figure 2.11  X-ray Showing Simple Pneumoconiosis (NCBI, 2012) 

 

Figure 2.12 shows an X-ray of complicated pneumoconiosis. There are diffuse, 

massive light areas that run together in the upper and middle parts of both lungs.  

 

These are superimposed on a background of small and poorly distinguishable light 

areas that are diffuse and located in both lungs (NCBI, 2012). 

 

 

 

Figure 2.12  X-ray Showing Complicated Pneumoconiosis (NCBI, 2012) 
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Indications of CWP may not be revealed for some 10 to 15 years after initial exposure 

from employment in coal mines. Furthermore, the subjects may not be aware of any 

incapacity, or restrictions on lung function during that time. In more advanced cases, 

the opacities grow in size and number until they coalesce as seen in Figure 2.13. This 

is likely to be accompanied by fibrosis (McPherson, 2009). 

 

 
Figure 2.13  Healthy Lung and Lung with CWP (DHHS, 2002) 

 

2.5.2 Silicosis 

 

Silicosis is a fibrosing disease of the lungs caused by the inhalation and retention   of 

Respirable Crystalline Silica (RCS) produced during the cutting cycle of mining 

operations (DHHS, 2010). The early stages of the disease produce lung accumulations 

that may be observed on x-ray films similar to that seen in identified cases of 

pneumoconiosis detailed in 2.5.1 (McPherson, 2009). Silicosis is irreversible, 

progressive, incurable and at later stages disabling and eventually fatal (WHO, 1999). 

 

Three clinical types or presentations of silicosis that can be produced from the 

inhalation and deposition of dusts containing respirable crystalline silica have been 

defined as: 

 

 simple silicosis; 

 complicated silicosis 

Silicosis 
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 accelerated silicosis; and  

 acute silicosis. 

 

Once these conditions have developed, no known cure or medical treatment is 

available, no reversal of the condition will occur over time, and it has been identified 

that the effects worsen even though no further exposure to silica is experienced 

(USDOL, 2008, DHHS, 2010, McPherson, 2009, and WHO 1999). 

2.5.2.1 Simple Silicosis 

 

Simple silicosis is the most common clinical presentation of the disease and results in 

fibrotic changes in the air exchange region of the lung that may occur after 10 to 30 

years of inhalation of RCS. The fibrotic changes (like scars) are called silicotic lesions 

which are of a nodular appearance and these lesions increasingly affect the ability of 

the lung to exchange gases. Those changes in turn place extra stress on the 

cardiovascular system and reduce the body’s ability to combat respiratory infections 

(USDOL, 2008, McPherson, 2009, WHO, 1999, and DHHS, 2002). Determining the 

exposure limit at which workers are at risk of developing simple silicosis is an 

extremely difficult task for a variety of reasons. These reasons include but are not 

limited to: 

 

 lack of reliable past dust exposure information; 

 insufficient medical surveillance information; 

 individual susceptibility; and 

 the role of other exposures such as smoking. 

 

It is generally believed, however, that daily workplace exposures that exceed 

established exposure standards as detailed in this document can result in simple 

silicosis (USDOL, 2008). 

 

The first symptom of silicosis is dyspnoea (difficult or laboured breathing and/or 

shortness of breath). This is first observed within the normal work activity or exercise 

and later as the lung function deteriorates, may be observed whilst resting or during  
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periods of no activity. Workers with simple silicosis are usually without any 

symptoms. If symptoms occur, they are typically limited to a chronic cough with 

phlegm (mucus) production and often get misdiagnosed as other ailments. It is also 

possible that there may be no shortness of breath or other symptoms and the disease 

may first be detected through an abnormal chest x-ray. The x-ray may show quite 

advanced silicosis with only minimal symptoms (DHHS, 2010, and USDOL 2002). 

 

The fibrosis in simple silicosis occurs predominantly in the upper lung zones and 

appears on the chest x-ray as small discrete nodules (lesions) arranged in a birdshot 

pattern (USDOL, 2002). Figures 2.14 and 2.15 show a basically normal lung and a 

lung with simple silicosis. 

 

 
Figure 2.14  Normal Lung (DHHS, 2002) 
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Figure 2.15  Simple Silicosis (DHHS, 2002) 

 

2.5.2.2 Complicated Silicosis  

 

Complicated silicosis usually occurs after 10 or more years of exposure at relatively 

low concentrations of silica dust.  The silicosis nodules increase in size and coalesce 

into large lesions usually greater than 1 cm in diameter. The conglomerate lesions 

may obliterate bronchi and vessels and cause marked distortion of lung structure and 

function. The disease results in progressive massive fibrosis (PMF). When 

progressive massive fibrosis occurs, the patient develops progressive respiratory 

symptoms from reduction in lung volume, distortion of bronchi, and bullous 

emphysema. The main symptom is shortness of breath which is related to a loss in 

lung volume. Figure 2.16 shows a healthy lung, and Figure 2.17 shows a lung with 

complicated silicosis. Complicated silicosis is progressive and ultimately disabling, 

potentially leading to cardio respiratory failure and possible death (AIOH, 2009, and 

USDOL, 2008). 
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Figure 2.16  Healthy Lung (DHHS, 2002) 

 

 

 
Figure 2.17  Complicated Silicosis (DHHS, 2002) 

 

2.5.2.3 Accelerated Silicosis 

 

Accelerated silicosis results from the inhalation of very high concentrations of 

respirable crystalline silica over a relatively short period, in the order of 5 to 10 years, 

whereas complicated silicosis may take 10 to 30 years to develop. Although 

accelerated silicosis develops in a pattern similar to that of complicated silicosis, the 

time from initial exposure to the onset of the disease is significantly shorter and the 

progression to complicated silicosis is more rapid. This form of the disease is life- 
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threatening, and death may occur as a result of insufficient levels of oxygen in the 

blood in as little as 10 years after exposure has occurred (USDOL, 2008, and AIOH 

2009). It has been reported that the onset of silicosis has occurred amongst drill 

operators within a year of being exposed to air concentrations of silica 2000 times the 

accepted statutory exposure level (WHO, 1999). 

2.5.2.4 Acute Silicosis 

 

Acute Silicosis develops from the inhalation of high concentrations of RCS and is the 

most aggressive of the silicotic diseases. Acute silicosis develops over a very short 

period ranging from as little as a month to 4 or 5 years. Acute silicosis differs from 

complicated and accelerated silicosis in that the characteristic nodular pattern in the 

upper lung is absent with the x-ray’s appearance instead being similar to that of 

diffuse ground glass. Symptoms of acute silicosis include cough, weight loss, and 

fatigue. This may progress rapidly to respiratory failure over a period of several 

months. Death occurs after a few months (USDOL, 2008, and AIOH, 2009). 

2.5.3 Silica and Lung Cancer 

 

In 1997, after re-evaluating the scientific literature on respirable crystalline silica, the 

World Health Organisation International Agency for Research on Cancer 

(WHOIARC) published a monograph that concluded that there is now sufficient 

evidence in humans that inhaled crystalline silica in the form of quartz from 

occupational sources can cause cancer (WHOIARC, 1997). 

 

The WHOIARC working group, on the question of silica exposure and cancer risk in 

humans, found that several studies among the many reviewed were negative or 

equivocal. The studies also identified that the carcinogenicity of silica was not 

detected in all industrial operations. However, nine studies did identify an excessive 

risk for lung cancer in certain dust producing occupations. These dust producing 

occupations included mine workers, although coal-mine workers were not specifically 

identified. Increased lung cancer risk among these groups appears to be found only in 

those with exposure to high levels of crystalline silica (WHOIARC, 1997, AIOH, 

2009, and WHO, 1994). 
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2.6 Summary 

 

The health effects of worker exposure to respirable and inhalable dust are significant. 

Long term exposure can be at the worst fatal, and at the best debilitating. The 

deposition of inhaled or ingested particles in the human airway tract remains the same 

regardless of where the particles are generated resulting in severe physiological 

effects, often resulting in severe lung disorders and eventual death. With the identified 

increase in lung disease amongst US miners, the need to further understand respirable 

and inhalable dust generation behaviour before it is inhaled or ingested is becoming 

significantly more urgent.  
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3. CHAPTER THREE - THE PRODUCTION OF 

RESPIRABLE AND INHALABLE DUST 

3.1 Dust Production in Longwall Mining 

 

Respirable and Inhalable dust problems encountered in longwall mining can almost 

certainly be directly attributed to a lack of fundamental knowledge about the amounts 

and characteristics of airborne dust generated during the cutting cycle (Organiscak, 

etal., 2003). 

 

Mine dusts vary widely in shape. The simplest method of quantifying the size of a 

non-spherical particle is the projected area or equivalent geometric diameter as 

discussed in detail in Chapter 2. This is the diameter of a sphere that has the same 

projected area as the actual particle. Typical size ranges of some common items are 

given in Table 3.1. 

 

Table 3.1  Size Ranges of Common Particles (The Engineering Toolbox, 2012) 

 

In general, the size distribution within each range follows a lognormal curve. Particles 

do not become visible to the naked eye until they are more than 10 μm equivalent 

diameter, therefore respirable dust cannot be seen. It must also be considered and 

understood that heavy visible concentrations of dust in a mine atmosphere produced  

 

Particle  Particle Size (microns, μm)  

dot (.)  615  

Eye of a Needle  1230  

Beach Sand  100 - 10000  

Mist  70 - 350  

Human Hair  60 - 600  

Burning Wood  0.2 - 3  

Anthrax  1 - 5  

Carbon Black Dust  0.2 - 10  

Coal Dust  1 - 100  
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during the cutting cycle are accompanied by high levels of respirable and inhalable 

dust (McPherson, 2009).  

 

Particle concentrations are traditionally expressed either as a number or as a mass 

concentration when measuring exposure levels. The number concentration of particles 

is the ratio of the number of particles in a given volume to the air volume. The 

particle mass concentration is defined as the ratio of mass of particles in a given 

volume to the air volume.  The particle mass concentration can be determined by 

filtering a known volume of air and weighting the collected particles as detailed in 

Chapter 6.  Particles mass concentration in coal mines ranges from 0.2 to 50 mg/m3 

(McPherson, 2009). 

3.1.1 Sources of Longwall Dust Generation 

 

Irrespective of dust loads and exposure levels on any operating longwall, which are 

directly proportional to tonnages produced, longwall dust generation is produced from 

identical sources on each operating longwall. Each of these identified sources produce 

relatively the same percentage of dust as a proportion of total face dust in each 

instance. 

 

Research from NIOSH has identified that there are 7 individual sources of dust 

generation on operating longwalls globally (Rider and Collinet, 2007). Longwall 

personnel can be exposed to harmful dust from these multiple dust generation sources 

including the last open cut-though (LOC), belt road, beam stage loader (BSL) 

discharge, crusher inlet, the shearer, chock advances and dust ingress from the goaf. 

 

Figure 3.1 shows the location of each of these independent sources of dust generation. 
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Figure 3.1  Sources of Dust Generation on Longwalls 

 
Figure 3.2 shows a chart of total face dust as a percentage generated from independent 

sources. 

 

 
Figure 3.2  Total Face Dust as a Percentage Generated from Independent 

Sources (NIOSH, 2003) 
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NIOSH research has found that in excess of 80% of the total respirable and inhalable 

dust produced on an operating longwall is from the shearer and chocks. This thesis 

has measured the same dust production (NIOSH, etal., 2003). 

3.1.1.1 The Last Open Cut-Through (LOC) 

 

The LOC is one of two ventilation intakes for the longwall (Figure 3.2) and also the 

primary travel road in longwall mines. The transport road is often contaminated with 

high levels of respirable and inhalable dust as a result of transport activities to and 

from the longwall and outbye activities such as gas drilling, bolting or many other 

activities that occur in a mine in the primary transport road. Although the amounts of 

respirable and inhalable dust measured in the air are minimal, they add to the amount 

of dust entering the maingate area of the longwall cumulatively with the generated 

belt road dust and the BSL discharge dust. Figure 3.3 denotes a typical LOC. 

 

 

Figure 3.3  Typical Last Open Cut-Through 
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3.1.1.2 The Outbye Belt Road 

 

The outbye belt road is the second of the two ventilation intakes and is contaminated 

with respirable and inhalable dust being drawn off the face coal being transported to 

the surface (Figure 3.2). As this coal gets drier, the intake ventilation draws more 

fines off the coal into the intake air which joins the intake roadway dust to enter the 

longwall. Figure 3.4 shows a typical conveyor in the belt road. 

 

 

Figure 3.4  Typical Outbye Belt Road 

 

3.1.1.3 BSL Discharge 

 

The BSL discharge contributes respirable and inhalable dust into the incoming 

ventilation as the coal that has been mined from the longwall, passes through the 

crusher and the BSL and is discharged onto the outbye belt for transport to the 

surface. The BSL discharge is approximately 900mm  the outbye belt and dust  
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is produced as the coal transfers from the BSL discharge to the outbye belt. This dust 

is then picked up by the intake ventilation and added to the dust from the LOC and 

belt road and taken to the longwall face. Figure 3.5 denotes a typical BSL discharge 

configuration. 

 

 

Figure 3.5  Typical BSL Discharge 

3.1.1.4 Crusher Inlet 

 

Respirable and inhalable dust is produced from the crusher inlet as a result of the coal 

being forced to change direction from the AFC 90
0
 to enter the crusher mouth. The 

coal rubs against the BSL walls and is crushed out producing airborne particles. 

Further, the coal is taken onto the crusher by the AFC where it is crushed by rotating 

hammers that pressurise the crusher intake and force airborne particles out of the 

mouth of the crusher joining intake ventilation to the face. Figure 3.6 denotes a typical 

crusher intake including conveyor strips to reduce the dust entering the intake 

ventilation. 
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Figure 3.6  Typical Crusher Intake 

 

3.1.1.5 Shearer Generated Dust 

 

Respirable and inhalable dust generated from the shearer contributes in excess of 50% 

of the total amount of dust found on the longwall. This is simply a function of the 

shearer continually cutting and grinding the coal from the face. The dust is generated 

on the main cutting drum as the drum is in the raised position and spills into the 

walkway as the dust is entrained by the intake ventilation (Figure 3.7). When the 

drum is cutting the floor, the dust is again entrained into the intake ventilation and 

forced into the walkway (Figure 3.8). 
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Figure 3.7  Dust Being Entrained into the Walkway from Raised Drum 

 

 
Figure 3.8  Dust Entrained into Walkway from Drum Cutting Floor 
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3.1.1.6 Chock Generated Dust 

 

Chock generated dust contributes approximately 30% of the total respirable and 

inhalable dust measured on a longwall face. This occurs as the chocks are moved 

forward as part of the typical cutting cycle on an operating longwall. The chocks 

move forward to advance the shearer through the longwall block and as the chock is 

pressurised or set against the longwall roof, coal is crushed between the top of the 

chock canopy and it is this crushed coal that falls into the walkway as the chock 

pushes forward. Figure 3.9 shows the dust generated from between the chocks as the 

chock is lowered and pushed forward. This dust is entrained into the intake ventilation 

and is swept along the face to the tailgate. Figure 3.10 shows the dust produced from 

between the chocks as the chock is set to the roof in the new position. This dust is also 

entrained into the intake ventilation and carried the length of the face. This dust 

production occurs when the shearer is heading down the face, so workers are fully 

exposed to the high concentrations of dust at this time. 

 

 

Figure 3.9  Dust from a Chock as it is Moved Forward 
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Figure 3.10  Dust from a Chock as it is Set to the Roof 

 

3.1.1.7 Goaf Generated Dust 

 

Dust can be generated from the goaf due to goaf falls forcing dust laden air into the 

longwall walkway and adding to the face contamination. Over pressurisation of the 

goaf can also occur when intake ventilation bypasses the maingate chock and continue 

into the goaf. This air is the returned to the longwall face at some other point along 

the longwall, bringing with it contamination from the goaf. 

3.2 Summary 

 

Dust generation from operating longwalls can be broken down into 7 individual 

sources. These sources are the last open cut-through, the belt road, the BSL discharge, 

the crusher intake, the shearer, the chocks and the goaf. The shearer and the chocks 

produce more than 80% of the total face dust. Engineering controls for these sources 

are discussed in detail in Chapter 4. 

 

 



CHAPTER FOUR 

Dust Control On Australian Longwalls

 

50 

 

4. CHAPTER FOUR - DUST CONTROLS ON 

AUSTRALIAN LONGWALLS 

4.1 Introduction 

 

Control processes in place for the mitigation of dust vary from mine to mine, with 

each individual mine having a dust mitigation setup that is the most effective for their 

operation. 

 

A typical dust control setup on a longwall includes the primary use of sprays as the 

first point of control. The sprays used vary as discussed, however, a typical spray 

setup would include solid or hollow cone sprays for the BSL discharge and crusher 

with a water pressure between 12 and 20 Bar and a flow rate of up to 35 lpm. The 

number and positioning of sprays will vary from mine to mine.  

 

The shearer will have a series of drum sprays between 45 and 80 dependent on the 

drum type, usually supplied by the manufacturer, which consist of an orifice of 

between 1.2mm and 2mm, a flow rate of between 90 and 100 lpm and a pressure of 

20 to 30 Bar. 

 

Some mining operations utilise a shearer clearer which consists of a series of up to 10 

sprays dependent on desired configuration. These sprays are usually a solid cone with 

an orifice diameter between 1.2 and 3mm and an operating flow of between 25 to 30 

lpm and operating pressure of between 20 and 30 Bar. 

 

For chock generated dust, solid cone sprays are positioned in the canopy. These 

sprays usually have up to a 4mm orifice, using 30 lpm at a pressure of between 10 and 

20 Bar. 

 

Ventilation is used when production increases to dilute airborne dust with removal 

from the face occurring much quicker as face quantities increase. However, higher 

ventilation quantities have higher velocities and this higher velocity can cause settled 

dust to become airborne, potentially adding to dust levels. Some mines also employ  
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ventilation curtains and brattice wings to modify the behaviour of the ventilation to 

reduce the amount of air going passed the maingate chock, over pressurising the goaf 

and returning somewhere further along the face with contaminated air. 

 

The industry has been using statutory dust measurements in underground coal mines 

conducted by both SIMTARS and Coal Services rely on AS 2985 for respirable size 

dust particles, and AS 3640 for inhalable size dust particles. The majority of dust 

sampling to date has been done with cyclone separation and collection of the sized 

particles for weighing, generally over the period of a full shift.  

 

Although this method provides an accurate measurement for the total dust exposure 

for the period sampled, it does not always accurately reflect the source, quantity and 

timing of respirable dust entering the longwall from different sources, which presents 

difficulties in determining the relative effectiveness of the different control 

technologies in use. 

 

4.2 Dust Mitigation Controls Used on Australian Longwalls  

4.2.1 Controlling Dust on Intake Roadways 

 

Water application to the mine travel roads is crucial to control respirable dust in the 

intake roadway. Operators must be diligent in monitoring moisture content of the 

dust along intake roadways, especially with the increased amount of air traveling 

toward the face and during winter months. This air amplifies the potential for the 

roadways to dry out more quickly. The moisture content of the transport road should 

be approximately 10% (Organiscak and Reed, 2004). Hydroscopic compounds such 

as calcium, magnesium chloride, hydrated lime, and sodium silicates increase 

roadway surface moisture by extracting moisture from the air. Applications of these 

materials will help maintain the moisture content of the travel road surface 

(Organiscak, etal., 2003). 

 

Surfactants such as soaps and detergents dissolve in water and can be beneficial in 

maintaining the proper moisture content of the intake roadways. Surfactants decrease  
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the surface tension of water, which allows the available moisture to wet more particles 

per unit volume (Organiscak, etal., 2003). 

 

Whilst these controls will offer a possible benefit in reducing the amount of respirable 

and inhalable dust produced from vehicle movement entering the longwall, little data 

has been collected to quantify the actual amount of dust removed by this form of 

control. 

 

Application of the control can be restricted by the condition of the road, which in 

underground coal mining can deteriorate in a very short period of time and requires 

significant resources to maintain the integrity of the road to allow controls to be 

continually applied. Another problem with this control is the amount of water, salt or 

surfactant need to ensure the roadway remains moist. In many underground mining 

applications, this would be restrictive in terms of cost per tonne to not only purchase 

the control, but the cost of application will have a significant effect on resources. 

 

4.2.2  Controlling Dust from the Outbye Belt   

 

Dual intake air from the outbye belt will allow the delivery of more air to the face, 

providing the potential for better dust and methane dilution. Recent longwall surveys 

in the USA showed that about 40% of the operations were using belt entry air (Rider 

and Colinet, 2007). Compliance data analysed by MSHA showed that mines using 

belt air to ventilate work areas did not have significantly different respirable dust 

levels at the last open cut-through when compared to the mines not using belt air 

(MSHA, 1989). Further, studies conducted by the U.S. Bureau of Mine indicated that 

any potential addition to dust levels at the longwall face from the belt entry seems to 

be mitigated as a result of the increased dilution that can be obtained with additional 

air brought up the belt entry (Jankowski and Colinet, 2000). However, the potential 

for dust from the belt entry to contaminate the face area has increased in recent years 

because the quantity of coal being transported by the belt continues to increase.  

 

 



CHAPTER FOUR 

Dust Control On Australian Longwalls

 

53 

 

 

Current outbye belt controls focus on properly maintaining the belts to keep respirable 

dust levels low along the belt entry. Missing rollers, belt slippage and worn belts can 

cause belt misalignment and create spillage (Organiscak, etal., 1986). Given the 

increases in the quantity of coal being transported on the outbye belt, operators must 

be diligent in their efforts to properly maintain the existing belt entry dust suppression 

controls to keep fugitive dust from being entrained and carried by the ventilation 

airstream to the face area. 

 

If the coal is wetted adequately at the face, less dust will be created during transport at 

the transfer points. However, with the substantial increase in airflow in the belt entry, 

the moisture may evaporate and rewetting of the coal may be necessary at multiple 

intervals along the belt. Flat-fan sprays and full-cone nozzles are typically used for 

coal wetting along the belt. Water application usually ranges from 30 to 45 lpm at 

operating pressures of between 1000 to 1700 kPa. 

 

Scraping and washing of the belt play an important role in reducing the amount of 

dust generated by the conveyor belt (Kissell and Stachulak, 2003). Material that 

adheres to the belt is subject to crushing at the head and tail roller. Often this material 

dries out and becomes airborne as it passes over the return idlers. The top and bottom 

of the return belt should be cleaned with spring-loaded or counterweighted scrapers. 

A low-quantity water spray may be necessary to moisten the belt slightly and 

complement the belt scrapers. Previous studies have shown that water sprays in 

conjunction with belt scrapers significantly reduced airborne respirable dust levels 

(Baig, etal., 1994), however, little quantifiable information is available to define the 

types of sprays, water pressure, water flow and spray placement that have the most 

impact on reducing this dust, nor which type of scraper has the greatest impact on 

reducing this dust. 

4.2.3  Crusher and BSL Dust Control  

 

According to Rutherford (2003), there is no universal dust suppression process or 

technique in Australian underground coal mines for the BSL and crusher to mitigate  

 



CHAPTER FOUR 

Dust Control On Australian Longwalls

 

54 

 

 

produced dust. Rutherford found that dust generation is not generally considered at the 

time of purchase and problems are only detected after operations commence. 

Modifications are then difficult to make and redesign is expensive and sometimes 

ineffective and may take many changes to become effective. 

 

Rutherford’s research also highlighted the poor knowledge by the industry regarding 

the equipment, the effect on dust of the equipment and differences in operating 

effectiveness at different mines (Rutherford, 2003).    

 

A typical crusher and BSL are fully enclosed, have conveyor belting at the crusher 

intake, one or two more strips before the hammers and some form of sealing or skirts 

on the BSL discharge to the outbye belt. 

 

Figure 4.1 shows the conveyor belt on the intake to the crusher at the maingate. 

 

 
Figure 4.1  Conveyor Belt on the Intake to the Crusher 
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Figure 4.2 shows the conveyor belt strips inside the crusher before the hammers. 

 

 
Figure 4.2  Conveyor Belt Strips inside the Crusher before the Hammers 

 

Figure 4.3 shows a typical skirting arrangement for the coal discharge onto the outbye 

belt. 

 

 
Figure 4.3  Typical Skirting Arrangement for the Coal Discharge onto the 

Outbye Belt 
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Crusher and BSL sprays are typically used at the entrance to the crusher, at the 

discharge area and at the belt transfer area. Although there are many variations to the 

spray type used at individual mines, the typical spray is a full cone spray, usually in a 

row of three inside the crusher, with a row of spray between each of the conveyor 

skirts. The sprays traditionally use 35-45 lpm each at a pressure of 12 to 20 Bar. 

 

Some mining applications have sprays on the transfer from the face AFC to the 

crusher intake and these are usually flat fan sprays designed to stop the dust billowing 

into the intake air. Figure 4.4 shows a typical spray setup to suppress dust from the 

face to crusher intake. 

 

 
Figure 4.4  Typical Spray Setup to Suppress Dust from the Face to Crusher 

Intake 

 

Figure 4.5 shows the typical hollow cone sprays inside the crusher in two rows of 

three between the conveyor skirts. It should be noted that the sprays are installed at 

approximately 45 degrees toward the hammer. 
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Figure 4.5  Typical Hollow Cone Sprays inside the Crusher 

 

Figure 4.6 shows the typical spray setup inside the discharge to the belt. 

 

 
Figure 4.6  Typical Spray Setup inside the BSL Discharge 
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Rutherford (2003) noted that although his research was not conclusive, it did point to 

the need to install dust extractors on most longwalls where coal volumes peak at the BSL 

volume. 

 

Figure 4.7 shows a typical electric drive dust extractor fitted to a BSL. 

 

 
Figure 4.7  Typical Electric Drive Dust Scrubber Fitted to a BSL 

 

4.2.4  Controlling Shearer Dust  

 

Drum mounted water sprays are the most commonly first point dust suppression 

process on the shearer cutting drum. The sprays are pointed directly at the pick point 

of coal fracture and add moisture to minimize dust liberation. The pick sprays are also 

vital for the mitigation of frictional ignition as the pick strikes the coal. Optimum 

pressure to the sprays is usually 20-30 Bar, the sprays are typically full cone or solid 

stream spray pattern and the number of sprays per drum ranges between 35-90. It 

should be noted that drum pressures and flows vary greatly from mine to mine. Figure 

4.8 shows the location of the pick spray behind the pick and Figure 4.9 shows the 

typical spray insert used. 
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Figure 4.8  Pick Spray behind the Pick on the Shearer Drum 
 

 

 
Figure 4.9  Typical Spray Insert in Drum Sprays 
 

 

Pick Spray 
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Cutting drum maintenance is critical to ensure the minimisation of dust liberation 

from the cutting pick. Bits with large carbon inserts and a smooth transition between 

shank and carbide are supposed to reduce dust levels, however; quantifiable testing 

results are not available to support this. Replacing damaged, worn or missing bits 

cannot be over-emphasized as dull bits result in shallow cutting and greatly increases 

dust generation. 

 

Crescent Sprays are another method to potentially reduce shearer generated dust. 

They are typically located on the top and end of ranging arms with sprays oriented 

toward face. There are typically 8–10 hollow cone sprays with an operating pressure 

of between 12-20 Bar. The sprays on the end of ranging arm are typically oriented 

into the face airflow however; these can create turbulence that forces dust toward the 

walkway. Figure 4.10 shows a typical crescent spray setup on a maingate drum. 

 

 
Figure 4.10  Typical Crescent Spray Setup 

 

Shearer mounted sprays are often utilised for dust suppression and may include a 

shearer clearer designed to induce airflow and dust toward face or spray manifolds  

Crescent Sprays 
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positioned between the drum walkway. Both are designed to promote movement of 

dust-laden air close to the face and prevent migration toward the walkway. They are 

typically oriented with airflow and positioned on the maingate side of the shearer. 

Figure 4.11 shows a typical shearer clearer setup on a maingate arm and Figure 4.12 

shows a spray manifold positioned on the maingate arm. 

 

 
Figure 4.11  Typical Shearer Clearer Setup 
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Figure 4.12  Spray Manifold Positioned on the Maingate Arm 

 

The latest product development for the mitigation of shearer generated dust is a 

shearer scrubber that has shown in independent testing to remove up to 76% of dust 

from the shearer operator’s position. Figure 4.13 shows the shearer scrubber. 

 

 
Figure 4.13  Shearer Scrubber 
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4.2.5  Controlling Chock Dust 

 

Canopy-mounted sprays are typically employed in an attempt to minimise the dust 

produced during chock movement. They are typically placed on top of the chocks and 

are designed to activate as the chock is lowered and kept on until the chock is reset. 

Although the sprays are available in many mining operations, they are typically 

inoperable as they are extremely hard to maintain. Figure 4.14 shows the positioning 

of canopy sprays. 

 
Figure 4.14  Canopy Sprays 

 

In other applications, chock sprays can be fitted to the underside of the canopies, 

designed to activate when the shearer passes or during chock movement. These are 

also inoperable in many applications due to maintenance and the issue with wetting 

operators. Figure 4.15 shows a typical canopy spray. 
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Figure 4.15  Typical Canopy Spray 

 

A recent development in under canopy sprays has been the development of a water 

mist venturi spray. The water mist venturi spray has been designed to be installed on 

the underside of the canopies similar to other spray configurations. The difference 

with this spray design has been the introduction of compressed air to further mist the 

water droplets thus creating smaller particles to increase agglomeration of the dust 

particles. 

 

The water venturi sprays formed part of this thesis testing with the results discussed 

further in Chapters 8.7, 8.8 and 8.10. 

 

Figures 4.16 and 4.17 show the installed venturi sprays operating at the BSL maingate 

and chock 5 respectively. 
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Figure 4.16  Venturi Spray Installed on BSL Maingate 

 

 

Figure 4.17  Venturi Sprays Installed at Chock # 5. 
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4.3 Summary 

 

Installed engineering controls are designed to mitigate respirable and inhalable dust, 

thus reducing the potential exposure of workers to the harmful dust. Different mines 

have different controls, usually installed based on experience and industry standards. 

Little or no quantifiable data exists to ascertain which controls actually remove the 

most respirable and inhalable dust, or those which actually create more dust. The 

results of installed engineering control testing are detailed in Chapter 8 and these 

results are used in the determination of the best practice engineering controls as 

detailed in Chapter 9. 
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5. CHAPTER FIVE - CURRENT AUSTRALIAN AND USA 

DUST MONITORING PRACTICES 
 

5.1 Introduction 

 

Questions relating to the validity and subsequent suitability of the current dust 

sampling methodologies utilised in Australia and the USA have recently come under 

scrutiny. The reason for this scrutiny is that there has been a significant increase in 

Coal Workers’ Pneumoconiosis (CWP) in the USA over the last few years despite 

recorded conformance to exposure level legislation, and the opinion by many in the 

underground coal mining industry in Australia that the current testing regime tells 

them very little about the actual operational production of dust on the longwall face in 

relation to where it is produced, how much is produced or how efficient installed 

controls are at preventing this dust from entering the atmosphere. 

 

Evaluation of a workplace is primarily undertaken to establish if the workplace 

environment is safe for employees to perform their normal duties. Occupational 

hygiene has been an integral part of the mining industry for centuries; however its 

importance has grown with developments in mechanisation and rising community 

expectations of better occupational health.  

 

Production from longwall mining in Australia has increased remarkably over the last 

several years. This increased productivity has meant that more dust is being produced 

and controlling respirable and inhalable dust continues to present the greatest ongoing 

challenge for coal mine operators
1
. A recent report by the director of mine safety 

operations branch of Industry & Investment NSW has found that there is an 

increasing level of dust being ingested by coal miners in New South Wales, 

potentially leading to long-term health problems (ILN, 2010). This increased exposure 

level for underground workers can be directly attributed to the increase in coal 

production and the continued development of  

                                                

 
1 The US EPA describes inhalable dust as that size fraction of dust which enters the body, but is trapped in the nose, throat, 
and upper respiratory tract. The median aerodynamic diameter of this dust is about 10 μm. 
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medium and thick seam mines in Australia which allow the installation of bigger and 

more productive longwall equipment. 

 

Fugitive dust on longwalls has always been an issue of concern for production, safety 

and the health of workers in the underground coal mining industry both in Australia 

and globally. Longwall personnel can be exposed to harmful dust from multiple dust 

generation sources including, but not limited to: intake entry, belt entry, 

stageloader/crusher, shearer, chock advance and dust ingress from falling goaf or over 

pressurisation of the goaf. With the increase in production created from the 

advancement in longwall equipment, dust loads have also increased and this has 

resulted in an increase in exposure levels to personnel. 

 

Studies by NIOSH in the USA have shown that prolonged exposure to excessive 

levels of airborne respirable coal dust can lead to Coal Workers’ Pneumoconiosis 

(CWP), Progressive Massive Fibrosis (PMF), and Chronic Obstructive Pulmonary 

Disease (COPD). These diseases are irreversible and can be debilitating, progressive, 

and potentially fatal (DHHS, 2002). The continued occurrence of CWP in 

underground coal mine workers and the magnitude of respirable and inhalable dust 

overexposures in longwall mining occupations illustrate the need for the mining 

industry to improve existing dust control technology on longwalls not only the USA, 

but Australia as well to prevent the incidence of lung diseases from occurring. 

 

Dust sampling in Australian coal mines is carried out with cyclone separation and 

collection of the sized particles for weighing, generally over the period of a full shift 

to measure personal exposure levels to airborne contaminants of employees. This 

testing methodology is described in AS2985 Workplace Atmospheres - Method for 

sampling and gravimetric determination of respirable dust and AS3640 Workplace 

atmospheres - Method for sampling and gravimetric determination of inhalable dust. 

 

The long standing practice in underground coal mines has been to collect samples 

from crib room to crib room and for a minimum period of 5 hours. This is to avoid a 

number of practical difficulties in collecting samples during travel. Research  
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undertaken indicates that crib room to crib room sampling of 0.12 milligrams, at the 

higher flow rate and with a travelling time conversion factor applied, corresponds to a 

limit of 0.1 milligrams for portal to portal sampling. The end result is that for 

underground mines the working limit for quartz is effectively unchanged and remains 

at a level where silicosis has not been observed in the coal mining workforce. The 

change in limit for respirable dust, other than quartz-containing dust, is to take into 

account the higher sampling flow rate now required by AS2985-2004. 

 

The current testing regime in Australia provides the mine tested with a single Figure 

for respirable dust exposure levels for 5 samples taken over a minimum of 4 hours 

during a production shift. These Figures only provide information relating to the 

exposure levels of the person sampled, relative to the 300mm breathing zone 

described in AS2985, and does not provide any feedback on where the dust has come 

from or any other information that would allow the mine site to implement 

improvements in mitigation procedures should a non-compliance, or failure to 

Statutory regulations occur. 

 

The problem goes deeper for the testing regime in the USA as a direct result of a 

known increase in CWP identifying 1000 new cases per year since 1984 and the 

recent findings of the UBB disaster where autopsies revealed seventeen of the 24 

victims’ autopsies (or 71%) had CWP. This compares with the national prevalence 

rate for CWP among active underground miners in the USA which is 3.2%, and the 

rate in West Virginia which is 7.6%. 

 

Further, of the 17 UBB victims with CWP, five of them had less than 10 years of 

experience as coal miners, while nine had more than 30 years of mining experience. 

At least four of the 17 worked almost exclusively at UBB. All but one of the 17 

victims with CWP began working in the mines after the 2.0 milligram coal mine dust 

limit was put in affect in 1973. This was an exposure limit that was believed at the 

time sufficient to prevent black lung disease. This exposure limit has since been 

determined ineffective to protecting miners’ health (McAteer, 2010). 
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This chapter will detail current methods for respirable and inhalable dust sampling 

and discuss the limitations involved. 

5.2 Current Australian Dust Monitoring Practices 

 

AS2985 and AS3640 clearly define the process to be used to determine personal 

exposure levels in coal mines.  

 

According to Coal Services respirable dust testing analysis, there have been 18,900 

respirable dust samples, including re sampling, taken in the period 1984-2007 (Mace, 

2008). Of these samples, it has been reported that there have been 1200 samples the 

exposure limit for respirable dust, which represents less than 6.5% of total samples 

taken (Mace, 2008). From these sample results, it is clear that the current controls for 

mitigating longwall dust exposure levels is highly successful in the removal of 

respirable dust. 

 

New South Wales government testing of inhalable coal dust in the state’s longwall 

mines has found more than a third of the samples taken exceeded the 10mg/m
3
 limit 

(ILN, 2010). A 10mg/m
3
 limit on inhalable dust in coal operations was imposed in 

December 2007 from notice provided under the Coal Mine Health and Safety Act. 

 

In an article dated Tuesday, 9 March 2010 in the International Longwall News, Rob 

Regan, Director of the Mine Safety Operations Branch under the Department of 

Industry and Investment, issued a safety alert to all mines that have been advised to 

identify and control risks in relation to excessive failures of inhalable dust exposure 

levels (ILN, 2010).  

 

According to the article, the results of coal dust testing in the Newcastle region 

revealed that 44 out of 104 samples taken in longwall operations exceeded 10mg/m
3
 

which is a failure rate of 42.3%. 50 of the 95 longwall samples in the Hunter region, 

which is more than half at 52.6%, failed the government limit. 

 

None of the 29 longwall samples in the Western region failed while 25.3% of the  
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samples in the Southern District exceeded the limit. Examining the sampling reports, 

Regan outlined the following likely causes of high coal dust levels: 

 inadequate ventilation; 

 inadequate water or dust control; 

 poor operator positioning; 

 damaged equipment; or 

 poor work practices. 

 

Regan further suggests the following strategies to combat the problem: 

 

 isolation or capture of dust at source via sealing of transfer points, BSL, and 

crushers; 

 operating water sprays at appropriate locations and as near as possible to the 

point of breakage with sufficient water volumes, pressure and correct sizing of 

water jets/droplets; 

 ventilation of the correct quantities and at the right location; 

 advance ventilation ducting/brattice to mine ventilation standard; 

 regular maintenance of dust suppression equipment; 

 operator positioning, job rotation and automation; 

 control of dust levels along travelling roads; and 

 respiratory protection by personal protective equipment. 

 

In contrast to the success of the current longwall dust controls in mitigating respirable 

dust, the  analysed results of inhalable dust exposure levels, it is clear that the current 

longwall controls for mitigating inhalable dust are not successful. 

5.2.1  Coal Services NSW Statutory Dust Monitoring 

 

The Coal Services Health (formerly the Joint Coal Board and JCB Health) dust 

monitoring service is quality accredited and has been the sole organization involved  

with personal dust monitoring in the NSW coal industry since the current regulations   
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were gazetted in March 1984. The service has the total support and acceptance of both 

management and unions (Cram, 2003). 

  

The specified limit for respirable dust other than quartz-containing dust, is 3mg of 

respirable dust/m
3 

of air sampled. The specified limit for quartz-containing dust is 

0.15mg of respirable quartz/m
3 
of air sampled (CMRA, 1982). 

 

In NSW sample collection commences at the time of leaving the crib room at the start 

of the shift and ceases on arrival at the crib room at the end of the shift. The sampling 

period, if practicable should be not less than five hours (CMRA, 1982). 

  

While it is the responsibility of mine management to meet the frequency of sampling 

required by the CMRA the Coal Services Health monitoring programs are structured 

in such a manner that management’s obligations are fulfilled were possible. 

  

The integrity of results is guaranteed by a Coal Services Health employee present in 

the workplace during the sampling shift recording such information as ventilation 

quantities, blocked sprays, operator location, water pressures or anything which may 

affect results. Results are used solely to identify problem areas which may exist and 

are not used at any time for punitive measures. Where areas of high dust 

concentrations are found to exist efforts are directed to these areas in order to rectify 

the problems. These efforts in many cases involve Management, Union and Coal 

Services Health initiatives.  

 

Results of the sampling are forwarded to the Colliery Manager, Senior Government 

Inspector of Coal Mines, United Mineworkers District Check Inspector and included 

in the Coal Services Health dust database.  

 

If the result of any sample exceeds the specified limit a re-sample must be taken 

within seven working days in similar circumstances to those existing when the sample 

was collected. If the resample still exceeds the specified limit the District Inspector of 

Coal Mines may, in writing, direct the Colliery Manager to carry out additional  
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procedures to reduce the concentration of airborne dust (NSW Govt. 1999).” (Cram 

2003) 

 

The following information is extracted from the document titled: 

 

“Airborne Dust in Coal Mines Respirable Dust and Quartz Inhalable Dust Coal 

Services Pty Ltd 2008” 

 

Sampling: What method is used to determine the respirable dust concentration of air 

in working places? 

 

The approved sampling method adopted in the New South Wales coal industry is 

personal gravimetric sampling. In this method, respirable dust is collected from the 

breathing air very close to the nose and mouth of a mine worker and the amount of 

dust is then measured by weighing. The weight of fine dust drawn into the lungs gives 

the most accurate prediction of the likelihood of developing pneumoconiosis (being 

dusted). The samples are taken by means of a small battery powered pump worn by 

the mine worker. The pump is connected with a piece of plastic hosing to a sampling 

unit (or cyclone) that is clipped to the individual’s shirt. A steady stream of air is 

drawn through the sampling unit where the coarse dust is first removed and only the 

very fine respirable dust is collected on a filter and weighed. 

 

What are the purposes of dust sampling? 

 

A comprehensive monitoring programme is continually being carried out to determine 

whether dust levels at every coal mine are kept the approved limits and to protect the 

long term health of mine workers. 
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What working places are sampled for respirable dust? 

 

As per the NSW Coal Mine Health & Safety Regulation 2006, mine workers are 

sampled regularly. For longwall faces, sampling is carried out at intervals not 

exceeding 6 months on each producing shift. For continuous miner panels, sampling 

is carried out at intervals not exceeding 12 months on each producing shift. Other 

underground working places, open cuts, coal preparation plants, crusher and loading 

stations are all sampled at intervals not exceeding 12 months on only one production 

shift. 

 

What is done with the dust results? 

 

Copies of all results are sent to the Mine Operator, Inspector of Coal Mines and 

Industry Check Inspector. Following a failed result, the Mine Manager informs the 

person who was sampled and there is an obligation under the Coal Mine Health & 

Safety Act Regulation 2006 to take action to correct the situation. Coal Services, 

through the Standing Dust Committee (SDC,) also maintains an overview of the 

results of the dust sampling programme in mines and where necessary advises the 

mine management on how to improve the situation. This SDC recommends the 

display of all results on the mine notice boards. 
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Should the exposure limits be less for extended shifts? 

 

The current exposure limits for dust and quartz are based on a 40 hour week (8 hour 

shifts 5 days a week) over a 40 year working life. For working weeks greater than 40 

hours therefore the exposure limit needs to be lower. As a general rule the exposure 

limit can be adjusted by a factor calculated from the ratio of weekly exposure in a 

normal work cycle to the average weekly exposure in the extended cycle. For more 

detailed information on this matter please refer to the Coal Services Health & Safety 

Trust research project on Extended Shift Exposure Limit Adjustment Factors for Coal 

Mine Dusts. Website www.coalservices.hstrust.com.au/ or contact Coal Services 

Health & Safety Trust by Email trust@coalservices.com.au 

 

What happens to the results if the person sampled is exposed to one very dusty task 

for a short time and no dust for the remainder of their shift? 

 

The method of dust sampling is designed to give the average result for the duration of 

the shift taking into account periods of high and low exposure dust. The dilution 

effect of a worker being exposed to a non-contaminated atmosphere following a short 

but high exposure would therefore be beneficial to the worker such as job rotation 

during the shift. One of the key factors involved in the onset of lung dust disease is 

the total amount of coal dust or quartz that a person has inhaled during their working 

life. It is not based on whether the person has been exposed to a high level of dust in a 

single event on one part of a shift or due to a particular mining method. 

 

What method is used to determine the inhalable dust concentration? 

 

The gravimetric method used for respirable dust sampling is also used for inhalable 

dust sampling. The main difference is the sampling head which collects dust particles 

100 microns rather than only the very small respirable dust particles. 
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What is the location and frequency of sampling inhalable dust? 

 

As per the NSW Coal Mine Health & Safety Regulation 2006, mine workers are 

sampled regularly. For longwall faces, sampling is carried out on each producing shift 

at intervals not exceeding 12 months. For continuous miner panels, any part of a mine 

where cement products are being applied, other underground places including crusher 

stations, open cuts and coal preparation plants are all sampled on one shift only at 

intervals not exceeding 12 months. 

 

Exposure Standards:  What is the respirable dust exposure limit in NSW coal mine? 

 

As you will remember, the dangerous dust consists of those very small particles (less 

than 5 microns in size) which can penetrate deep into your lungs. This is called 

respirable dust. The limit under the Coal Mine Health & Safety Act 2002 and 

Regulation 2006 1 is based on the weight of respirable dust in the air. It is the 

concentration in milligrams of respirable dust per cubic metre (abbreviated to mg/m3) 

of air collected in the breathing zone (not inside respirators or airstream helmets) of 

mine workers during their working shift. 

 

The concentration of respirable dust should not exceed 2.5 mg/m3 over the sampling 

period. The concentration of respirable quartz dust should not exceed 0.12 mg/m3 in 

underground coal mines and not exceed 0.1 mg/m3 in open cut coal mines and the 

surface parts of underground coal mines. 
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How were the limits determined? 

 

The current coalmine exposure standard was determined after extensive research at a 

number of NSW coalmines in the early 1980’s and these levels are constantly being 

reviewed in the light of new research. There has been a steady decrease in dust 

disease patterns in NSW coalmines over the last 30 years and consequently the 

Standing Dust Committee considers that compliance with current exposure standards 

will provide effective protection. The gravimetric measurement of respirable dust and 

quartz is the internationally recognised technique for monitoring the dust exposure of 

coal mineworkers. 

 

What is the inhalable dust exposure limit in NSW coal mines? 

 

Inhalable dust is the visible dust particles  the 100 microns size. The limit under the 

Coal Mine Health & Safety Act 2002 and Regulation 2006 2 is based on the weight of 

inhalable dust in the air. It is the concentration in milligrams of inhalable dust per 

cubic metre (abbreviated to mg/m
3
) of air, collected from the breathing zone (not 

inside respirators or airstream helmets) of mine workers during their working shift 

 

The concentration of inhalable dust should not exceed 10 mg/m
3
 in all coal mining 

operations. 

5.2.2 Simtars QLD Statutory Dust Monitoring 

 

SIMTARS Background, Regulations and Testing Methodology for Queensland 

Respirable Dust Sampling (Extracted from actual testing report supplied by 

SIMTARS, file reference 50/010/0001/60/24, 2009) 

 

Occupational Exposure to Dust 

 

Most dusts contain particles of widely ranging sizes. The behaviour, deposition and 

fate of any individual particle after entry into the human respiratory system and the  
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response that it elicits will depend on the nature and size of the particle. The 

respirable fraction of dust (aerodynamic diameter less 5 – 7 micrometres) is capable 

of reaching the lower bronchioles and alveolar regions of the lung. If the respirable 

fraction contains a proportion of a fibrogenic component such as quartz (crystalline 

silica - SiO2), a condition known as silicosis can result. Silicosis is an irreversible 

occupational lung disease, caused by the inhalation of silicon dioxide (silica) in 

crystalline forms, usually as quartz. 

 

The key factor in assessing health implications of exposure to dust is the size of the 

air-borne dust cloud. Dust that falls predominantly into a larger size fraction 

(inhalable dust) can still have debilitating health consequences if in sufficient 

concentration but such dust, if inherently non-toxic or does not contain toxic 

impurities, is generally considered a nuisance dust. Therefore, highly visible dust 

clouds that are predominantly made up of nonrespirable particles and fall-out dust 

may not present a significant health risk. Conversely dust not visible to the naked eye 

made up of respirable particles could present a significant health risk especially if it 

contains a high percentage of crystalline silica. 

 

According to the World Health Organisation International Agency for Research on 

Cancer, WHOIARC, (1997) Monographs on the Evaluation of Carcinogenic Risks to 

Humans, crystalline silica inhaled in the form of quartz or cristobalite from 

occupational sources is carcinogenic to humans. Continued exposure to fibrogenic 

dusts causes irreversible damage to the lung tissue and a consequent reduction in lung 

function that can lead to diseases of the cardiovascular system. Silica (silicon dioxide) 

is the main component of the earth’s crust, which is why exposure to it cannot be 

eliminated, but needs to be controlled and reduced as far as possible. Respirable dust 

and quartz health risks are associated with mining, drilling, quarrying, tunnelling, 

sandblasting, foundries, refractory workers etc. Silicosis has a very long latency 

period, and some workers with current exposures may only become symptomatic in 

the next century, even after exposure has stopped. 
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Sampling Strategy 

 

Respirable dust samplers are distributed amongst a selection of personnel performing 

a range of activities. Respirable dust monitoring involves workers wearing a personal 

sampling device consisting of a constant flow sampling pump connected to a cyclone 

elutriator positioned within the breathing zone (300mm radius extending in front of 

the face and measured from the mid-point of a line joining the ears). Operators are 

requested to wear these devices for the entire shift, or a period representative of their 

normal duties. 

 

Sampling Techniques 

 

Results derived using these methods represent time weighted average concentrations 

of respirable dust encountered by operators during their normal working shift. With 

respect to respirable dust, a time-weighted average implies a mass of respirable dust 

collected over a known time period (preferably more than 4 hours) from which an 

average mass/volume concentration is calculated. It is from time weighted average 

concentrations that assessments are made with respect to acceptable health levels and 

compliance with regulatory requirements. 

5.3 Discussion 

 

This chapter of the current dust mitigation controls used in Australian underground 

longwall mining indicates that while controls are in place for the mitigation of 

produced dust, these controls seem to be installed more in a hit and miss approach 

than implemented based on scientific foundations. This is evidenced by no clear 

approach to what sprays or control perform the best at specific locations, and no clear 

direction by suppliers of longwall equipment in relation to dust suppression or 

mitigation. Little or no thought is given to dust control at the time of scoping up 

supply of longwall equipment and only after a longwall commences operation, when 

problems arise relating to dust production, do thoughts turn to looking for solution to 

dust issues. At this time it is very difficult and in many instance expensive to measure 

control efficiencies, with many mines relying on subjective opinion as to the  
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effectiveness of the installed controls. Little or no scientific research has been 

undertaken to quantify how effective installed controls are in relation to removing the 

produced dust on operating longwalls. 

 

The evaluation of the current longwall controls for mitigating dust has highlighted a 

serious dichotomy in the results obtained during statutory testing for respirable and 

inhalable dust exposure levels. 

 

Respirable dust exposure levels are well controlled, with less than 6.5% of all samples 

taken being the regulatory exposure limit, indicating that current installed dust 

mitigation controls are working. 

 

In contrast to the success of longwall dust controls in mitigating respirable dust 

exposure levels, are the results of inhalable dust exposure levels testing, which shows 

that in excess of 30% of samples taken exceeded the statutory exposure levels. 

 

This dichotomy of results indicates that a serious problem exists where the smaller 

respirable particles, usually less than 10 μm in size are removed from a contaminated 

airway, whereas the larger inhalable particles, usually greater than 10 μm, are not 

removed. 

 

Further detailed analysis is required to determine why smaller particles are being 

removed from the contaminated atmosphere in Australian longwalls, whilst larger 

particles are remaining, with the current dust controls installed on these longwalls. 

 

5.4 Current USA Dust Monitoring Practices 

 

According to the Federal Register, October 19, 2010, Section 202(b)(2) of the Federal 

Mine Safety and Health Act of 1977 (Mine Act)  requires each underground coal mine 

operator to continuously maintain the average concentration of respirable dust in the 

mine atmosphere during each shift to which each miner in the active workings is 

exposed at or  2.0 mg/m
3
. Section 205 required that when coal mine dust contains  
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more than five percent quartz, the respirable coal mine dust standard must be reduced 

according to a formula prescribed by NIOSH. 

 

The Federal Register further states that under MSHA’s existing standards, mine 

operators are required to collect bimonthly respirable dust samples and submit them to 

MSHA for analysis to determine compliance with applicable respirable dust standards 

(compliance samples). If compliance samples do not meet the requirements of the 

applicable dust standard, MSHA issues a citation for a violation of the standard and 

the operator is required to take corrective action to lower the respirable dust 

concentration to meet the standard.  

 

Additionally, according to the Federal Register, the operator must collect additional 

respirable dust samples during the time established in the citation for abatement of the 

hazard or violation (abatement sampling). Underground coal mine operators must 

collect and submit two types of samples during bimonthly sampling periods: (1) 

‘‘designated occupation’’ (DO) samples taken for the occupations exposed to the 

greatest concentrations of respirable dust in each mechanised mining unit (DOs are 

specified in s.70.207); and (2) ‘‘designated area’’ (DA) samples collected at locations 

appropriate to best measure concentrations of respirable dust associated with dust 

generation sources in the active working of the mine (s.70.208). The operator’s 

approved ventilation system and methane and dust control plan, required in existing 

30 CFR part 75, must show the specific locations in the mine designated for taking the 

DA samples. In addition, mine operators take respirable dust samples for part 90 

miners (s.90.207 and s.90.208). 

 

Current US compliance determinations are based on the average concentration of 

respirable dust measured by five valid respirable dust samples taken by the operator 

during five consecutive normal production shifts or five normal production shifts 

worked on consecutive days (multiple-shift samples). Compliance determinations are 

also based on the average of multiple measurements taken by the MSHA inspector 

over a single shift (multiple, single-shift samples) or on the average of multiple 

measurements obtained for the same occupation on successive days (multiple-shift  
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samples) taken by the mine operators. The current Australian testing regime requires 

5 workers on and about the face to be tested with gravimetric sampling for the entirety 

of the shift. These samplers are placed on the worker at the commencement of the 

shift and removed at the end of the shift. The samplers are placed by a qualified 

hygienist. These single samples either give a pass or fail for the worker. 

 

Comparing the two methods, and subsequent cases of black lung, the Australian 

method would appear to be far more accurate than the US system. 

 

5.5 Limitations of Current Statutory Testing Regimes 

5.5.1 Australian Limitations 

 

Calls from industry are pushing for a review of the current inhalable and respirable 

dust sampling methods used in Australia and to investigate alternative sampling 

methodologies applicable to major underground coal mining tasks, report on their 

validity within the codes, guidelines and standards and propose a new testing 

methodology that better identifies atmospheric contamination caused by dust 

produced during the cutting cycle in longwall mining. 

 

It has been suggested that with changes in the work routines of many Australian 

miners, the traditional way of sampling is no longer adequate. Further, industry 

members believe that the current testing process is getting what are believed to be 

data errors arising from how sampling is being conducted not by over exposure to 

dust levels. Many samples are being contaminated leading to a failed result. The 

industry feels that rather than being recorded as a failure to the tested mines these 

should be deemed as invalid samples and quite rightly retested. 

 

Mining industry members have been investigating alternative ways of placing dust 

sampling units to eliminate contamination whilst still meeting the strict codes, 

guidance and standards applied to this area. They also want to identify techniques that 

more accurately identify what specific work activities lead to specific results which 

will assist further in managing specific risks. Mining industry members would also  
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like to look at instantaneous measuring devices that may also assist with identification 

and eventual mitigation of airborne contaminant risks. 

 

It has further been suggested that there is a need to establish a database of Best 

Practice Dust suppression techniques used by longwalls for the industry to peruse and 

use along with the management of sampling data. Currently the industry invests a lot 

of money in the sampling conducted by the regulatory regime but receive very little 

useful information on how to mitigate airborne contaminants. With the volume of data 

collected the industry should have a fairly accurate picture and understanding of the 

underground longwall work environment to help refine installed controls and measure 

their dust knockdown efficiency, but currently only receive single sample information 

with details recorded for a 5 sample batch not individual samples. The industry feels it 

would be better to have information on individual pieces of plant & equipment, tasks 

& activities and on the practises of crews or individuals. The industry would also like 

to see a review which will document standards of approach in the areas of dust control 

efficiencies to capture a definitive benchmark which will allow for a more scientific 

approach to the management of airborne contaminants. 

 

Finally, it has been suggested by the mining industry that a review of competency 

requirements for persons undertaking dust sampling be undertaken and that a review 

of the Occupational Exposure Limit is covered and suggested legislative Shift 

adjustment criteria is recommended specifically in the industry to better reflect the 

continual changes in the mining environment. 

5.5.2 US Limitations 

 

According to the Federal Register, October 19 2010, exposure to respirable coal mine 

dust can cause lung diseases including coal workers’ pneumoconiosis (CWP), 

emphysema, silicosis, and chronic bronchitis, known collectively as ‘‘black lung.’’ 

These diseases are debilitating, incurable, and can result in disability, and premature 

death. While considerable progress has been made in reducing the respirable coal 

mine dust levels, miners continue to develop black lung. 

  



CHAPTER FIVE 

Current Australian and USA Dust Monitoring Practices

 

84 

 

 

Based on recent data from the NIOSH, the prevalence rate of black lung is increasing 

in the nation’s coal miners; even younger miners are showing evidence of advanced 

and seriously debilitating lung disease (CDC, 2008). 

 

The report continues further details that “in the last decade, death certificates list coal 

workers' pneumoconiosis, commonly called black lung disease, as a cause in more 

than 10,000 deaths. Black lung disease is caused by inhaling coal mine dust. It results 

in scarring of the lungs, emphysema and shortness of breath, disability, and premature 

death. The prevalence of black lung disease decreased by about 90% from 1969 to 

1995 after the enactment of the Coal Mine Health and Safety Act. Unfortunately, 

since 1995, the prevalence of black lung among those who have participated in the 

Coal Workers’ Health Surveillance Program and who have been coal miners for more 

than 20 years has more than doubled. We have seen severe and advanced cases in 

current underground miners as young as 39. Identification of advanced cases among 

miners under age 50 is of particular concern, as they were exposed to coal-mine dust 

in the years after the 1969 federal legislation had mandated disease-prevention 

measures. An increased risk of pneumoconiosis has been associated with work in 

certain mining jobs, in smaller mines, in several geographic areas, and among contract 

miners” (CDC, 2008). 

 

The problem goes deeper for the testing regime in the USA as a direct result of a 

known increase in CWP identifying 1000 new cases per year since 1984 and the 

recent findings of the UBB disaster where autopsies revealed seventeen of the 24 

victims’ autopsies (or 71%) had CWP. This compares with the national prevalence 

rate for CWP among active underground miners in the USA which is 3.2%, and the 

rate in West Virginia which is 7.6%. 

 

Further, of the 17 UBB victims with CWP, five of them had less than 10 years of 

experience as coal miners, while nine had more than 30 years of mining experience. 

At least four of the 17 worked almost exclusively at UBB. All but one of the 17 

victims with CWP began working in the mines after the 2.0 milligram coal mine dust 

limit was put in affect in 1973. This was an exposure limit that was believed at the  
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time sufficient to prevent black lung disease. This exposure limit has since been 

determined ineffective to protecting miners’ health (McAteer 2010). 

 

5.6 Summary 

 

Both Australia and the USA have identified that the currently installed controls for the 

mitigation and removal of harmful coal dust from the underground mining 

environment have proven, in the first instance, to be hard to measure in terms of the 

success in mitigating airborne contaminants, and secondly, in the case of the USA, 

have failed to remove the risk of underground workers contracting CWP from their 

working environment. 

 

In the case of the USA, The Federal Register, October 19, 2010 suggests that a 

reduction in the current exposure levels from 2mg/m
3
 to 1mg/m

3
 be implemented as 

the only practical solution to reducing the alarming increase in CWP amongst younger 

underground workers. 

 

Along with the proposed reduction in exposure levels, several provisions in the 

proposed rule change, that is, basing noncompliance determinations on single shift 

sampling, sampling of extended work shifts to account for occupational exposures 

greater than 8 hours per shift, and changing the definition of normal production shift, 

would singularly lower coal miners’ exposure to respirable dust. For example, 

MSHA’s Quantitative Risk Assessment (QRA) estimates the reduction in health risks 

when two provisions of the proposed rule are implemented—the proposed respirable 

dust limit and single shift sampling. The QRA shows that these two proposed 

provisions would significantly reduce the risks of CWP, severe emphysema, and 

death from Non-Malignant Respiratory Disease (NMRD). The proposed rule change 

would potentially create 50 fewer cases of severe emphysema and 15 fewer deaths 

due to NMRD per thousand exposed cutting machine operators. The other provisions 

in the proposed rule would further reduce health risks to miners. Cumulatively, the 

proposed provisions would reduce the continued risks that coal miners face from  
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exposure to respirable coal mine dust and would further protect them from the 

debilitating effects of occupational respiratory disease.  

 

In Australia, it has been suggested that the traditional way of sampling is no longer 

adequate. Industry members believe that the current testing process is getting sample 

failures due to reasons other than high exposure levels, for example, uneven 

distribution of dust on the filter paper and pumps not running a full shift, and rather 

than being recorded as a failure to the tested mines these should be deemed as invalid 

samples and quite rightly retested. 

 

Mining industry members also want to identify techniques that more accurately 

identify what specific work activities lead to specific results which will assist further 

in managing specific risks.  

 

There also appears to be a need to establish a database of Best Practice Dust 

suppression techniques used by longwalls for the industry to peruse and use along 

with the management of sampling data.  With the volume of data collected the 

industry should have a fairly accurate picture and understanding of the underground 

longwall work environment to help refine installed controls and measure their dust 

knockdown efficiency, but currently only receive single sample information with 

details recorded for a 5 sample batch not individual samples. The industry feels it 

would be better to have information on individual pieces of plant and equipment, 

tasks & activities and on the practises of crews or individuals. The industry would 

also like to see a review which will document standards of approach in the areas of 

dust control efficiencies to capture a definitive benchmark which will allow for a 

more scientific approach to the management of airborne contaminants. 

 

Finally, it has been suggested that a review of competency requirements for persons 

undertaking dust sampling be undertaken and that a review of the Occupational 

Exposure Limit (OEL) is covered and suggested legislative Shift adjustment criteria is 

recommended specifically in the industry to better reflect the continual changes in the 

mining environment. 
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6. CHAPTER SIX - DUST MITIGATION EFFICIENCY 

(DME) MODEL 
 

6.1 Introduction 

 

As detailed in the summary in Chapter 5, the development of the Dust Mitigation 

Efficiency (DME) Model has been underpinned by an industry need that has 

determined that the current testing regime is no longer adequate to protect workers 

from harmful dust. Further, the industry has detailed the following issues 

underpinning the need for the DME Model; 

 

 The current testing process is getting sample failures due to reasons other than 

high exposure levels and these are recorded as failures instead of retested; 

 identify techniques that more accurately determine what specific work 

activities lead to specific results which will assist further in managing specific 

risks; 

 a need to establish a database of Best Practice Dust suppression techniques 

used by longwalls for the industry to peruse and use along with the 

management of sampling data; 

 the need to have information on individual pieces of plant and equipment, 

tasks and activities and on the practises of crews or individuals as opposed to 

simply exposure levels; 

 the need for a review which will document standards of approach in the areas 

of dust control efficiencies to capture a definitive benchmark which will allow 

for a more scientific approach to the management of airborne contaminants; 

and 

 the need for a review of competency requirements for persons undertaking 

dust sampling and that a review of the Occupational Exposure Limit is 

covered and suggested legislative Shift adjustment criteria is recommended 

specifically in the industry to better reflect the continual changes in the mining 

environment. 
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Evaluation of a workplace is primarily undertaken to establish if the workplace 

environment is safe for employees to perform their normal duties. 

 

Occupational hygiene has been an integral part of the mining industry for centuries; 

however its importance has grown with mechanisation and rising community 

expectations of better occupational health. While the focus in the past has quite 

correctly been on improving the controls on dust exposure, the future lies in 

identifying the efficiency of installed controls on operating longwalls, evaluating 

them through robust and quantitative sampling methods to ensure the most effective 

controls are in place to prevent occupational disease from occurring in the mining 

industry. 

 

According to AS2985 Workplace Atmospheres - Method for sampling and 

gravimetric determination of respirable dust occupational hygiene practice commonly 

differentiates between two size fractions of airborne dust, namely respirable and 

inhalable dust. 

 

Respirable particles can be measured when the nature of these particles is such that 

they exhibit toxic effects primarily when deposited in the alveolar region (deepest 

reserve) of the lungs. This usually applies to toxic insoluble particles that accumulate 

in the lungs such as crystalline silica, coal dust and cadmium oxide fumes. This 

standard sets down the method for determining the mass concentration of these 

respirable sized particles in workplace atmospheres. 

 

According to AS3640 where particles may have toxic effects if absorbed in the 

nasopharyngeal (nose and throat) region or may have toxic effects if ingested after 

deposition in this region, it is appropriate to measure the mass concentration of 

inhalable particles in the atmosphere. It may also be apt to measure this size fraction 

for particles that exhibit no specific toxic effects, namely, particulates/dust particles 

not otherwise classified. 
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Dust sampling in Australian coal mines is carried out with cyclone separation and 

collection of the sized particles for weighing, for at least a 5 hour period when 

possible to measure personal exposure levels to airborne contaminants of employees. 

This testing methodology is described in AS2985 Workplace Atmospheres - Method 

for sampling and gravimetric determination of respirable dust and AS3640 Workplace 

atmospheres - Method for sampling and gravimetric determination of inhalable dust. 

 

These testing methodologies give an accurate Figure for the personal dust exposure 

levels of employees for the period sampled, but cannot be related to any actual 

longwall operational source of dust generation.  

 

Statutory sampling methodologies do not accurately reflect the dust load entering the 

longwall from outbye sources and does not correlate in any way to the efficiency of 

dust mitigation control measures installed at those sources on Australian longwalls. 

 

For the purpose of this research, gravimetric sampling will be used for dust load 

sampling to ensure uniformity of the collection process, validity of the collected data 

and quantification of the analysed results. Also, the sampling methodology has to be 

designed to ensure the collected data is deemed quantifiable and will stand the test of 

time to satisfy the requirements of a scientific research project and for reference in 

potential future projects. 

 

The objective of this sampling methodology is to identify dust LOADS at independent 

sources of dust generation on longwall faces and quantify the efficiency of installed 

controls for the mitigation of produced dust. This data will then be used to create a 

benchmark or signature for each longwall mine in relation to dust loads from different 

sources of generation. Once this signature is established, quantifiable testing can be 

undertaken on new or improved controls to ensure maximum efficiency in removing 

respirable and inhalable dusts. 
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6.2 Testing Methodology 

 

The testing methodology for the collection of respirable and inhalable dust loads at 

each independent source of dust generation on a longwall must be broken down into 

each individual task of the dust collection process. Figure 6.1 shows the tasks and 

steps in the DME model to be undertaken during the testing process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1  DME Model Flowchart 

6.2.1 Identify and Record Engineering Controls 

 

Identify and record the installed engineering controls at each individual source of dust 

generation at each of the longwall mines to be tested, for example, spray type, 

amount, position, water pressure and flow. This can be performed at any time, prior to 

the commencement of sampling. 

 

Appendix A shows an example of a questionnaire that was used to identify and record 

operating parameters and installed engineering controls used at each independent 

source of dust generation for each mine. In conjunction with this, an Order 40 form  

 

Identify and Record 

Engineering Controls 

Determine Pump and Head 

Placement 

Establish Benchmark Dust 

Load Production 

Quantify Installed 

Engineering Control Dust 

Mitigation Efficiency 

(DME) 
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from NSW Coal Services Pty Ltd issued to each mine will be examined and compared 

to actual installed engineering controls operating. Appendix B shows an example of 

the content of a Coal Services Order 40 application form. 

 

This data will be recorded and later analysed in relation to dust load efficiency results 

to determine which mitigation set up is the most efficient at both inhalable and 

respirable dust knockdown based on dust monitoring tests at each source of dust 

generation. 

 

This document will be completed at each longwall mine prior to the commencement 

of efficiency testing. 

6.2.2 Determine Pump and Head Placement 

 

The first stage in this methodology is to determine monitor placement on each of the 

independent sources of dust generation. In each location, two monitors and two heads 

will be used to sample both respirable and inhalable dust loads. Figure 6.2 details 

pump and head placement for data collection. 
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Figure 6.2  Pump and Head Placement to Sample Longwall 

6.2.2.1 Pump and Head Placement in LOC 

 

Placement of the pumps and heads will be at the last open cut-through before the 

ventilation enters the longwall to measure the amount of respirable and inhalable dust 

brought into the longwall face from dust generated through vehicle movement and 

outbye activities. In most longwall mines the ventilation setup will have the main 

intake ventilation via the travel road and the belt road requiring monitors to be set up 

in each of these individually to identify dust loads from either source. Some mines 

may have intake ventilation via the travel road only with outbye belt air sealed to be 

in the return airway. This ventilation design will be identified for each mine during 

step 1 to ensure the correct amount of monitors and heads are available for the testing. 

Figure 6.3 denotes monitor and head positioning in the LOC. 
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Figure 6.3  Pumps and Heads Positioned in LOC 

 

Both monitors will be positioned in the centre of the roadway hung from the roof so 

as to be in the middle of the intake air, but high enough so as not to be damaged or 

tampered with. 

6.2.2.2 Pump and Monitor Placement in Belt Road 

 

Pumps and heads will be placed in the belt road to measure the amount of respirable 

and inhalable dust brought into the longwall from dust generated from the coal being 

transported to the surface. Figure 6.4 shows location of pumps and heads in the belt 

road. 

 

 

 

 

 

 

Pump and head 

placement 
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Figure 6.4  Pump and Head Placement in Belt Road 

6.2.2.3 Pump and Head Placement for BSL Discharge 

 

Sampling monitors and heads will be placed approximately 500mm inbye from the 

BSL discharge to the outbye belt and hung from the roof. They will be placed close to 

the walkway side of the discharge to allow for the heads to be changed without the 

need to walk on the top of the discharge. 

 

The heads will be changed and the monitors moved forward after the first sampling 

period of two shears has been completed. The replacement of the monitors will be 

necessary due to the pushing of the longwall at the completion of each shear.  Figure 

6.5 shows a BSL discharge onto the outbye conveyor with monitor and head 

placement for sampling. 

 

 

 

Pump and head 

placement 
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Figure 6.5  BSL Discharge 

6.2.2.4 Pump and Head Placement for Crusher Intake 

 

Pumps and heads will be placed on or about chock #5 to collect dust coming into the 

longwall from outbye sources. The amount of dust generated by the crusher intake can 

be determined by taking away the LOC, Belt Road and BSL Discharge quantities. 

Figure 6.6 denotes placement of pumps and heads for dust collection on chock #5. 

 

 

Figure 6.6  Pump and Head Placement at Chock #5 

Pump and head 

placement 

Pump and head 

placement 



CHAPTER SIX 

Dust Mitigation Efficiency (DME) Model

 

96 

 

 

6.2.2.5 Pump and Head Placement for Tailgate Chock 

 

Pumps and heads will be placed on the tailgate chock for the collection of the total 

amount of respirable and inhalable dust generated from all independent sources. 

6.2.3 Establish Benchmark Dust Load Production 

 

Determine the amount of dust produced with no operating controls at each individual 

source of dust generation. This will mean the mine has to turn off controls, i.e. sprays 

etc. to allow produced dust to be measured accurately at each of these sources. 

 

This will not be an issue for the controls on outbye conveyors, travel roads, BSL 

discharge, crusher and chock sprays; however, turning off all controls on shearers will 

produce resistance. It will be necessary to leave the drum sprays on as in most 

applications these are used more for frictional ignition suppression than dust 

mitigation. Additional sprays such as crescent sprays and shearer clearers will be able 

to be turned off for the period of the testing; assuming gas levels are ignition points. A 

gas meter and suitably qualified person will be required at each of the sampling points 

when the controls are turned off. This will ensure that gas levels are monitored during 

the sampling period with sampling ceasing immediately should statutory levels of gas 

be exceeded. 

6.2.4 Quantify Control Dust Mitigation Efficiency 

 

Installed engineering controls will be turned back on and sampling heads changed to 

remeasure dust loads with controls operating. The difference between these two tests 

will determine the Dust Mitigation Efficiency (DME) of the installed controls. 

6.3 Research Design 

6.3.1 Applied Research for Data Collection 

 

Sampling data collected by Coal Services Pty Ltd (CSPL) as part of their Statutory 

sampling program for the underground coal mining industry requires them to collect 

these respirable and inhalable dust samples as per AS 2985 for respirable dust and AS  
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3640 for inhalable dust. The samples are collected using a 25mm filter that is weighed 

before the sample is taken (pre-weigh) and after the sample returns to the lab (post 

weigh). The difference between these two weights, in mg, is the raw data that is 

required for the DME model. 

 

CSPL take this raw data and apply it to the calculations for Time Weighted Averages 

(TWA) called for in the Australian Standards. As a result of this calculation process, 

the raw data cannot be utilised for this thesis as the divisible variable, ie time taken 

for the sample, results in an exposure level for the worker and the tonnes cut during 

that time is recorded but not used for calculation purposes. The second reason that this 

data cannot be used, and the most important reason, is that the placement of the 

pumps and heads is on the workers in designated positions, which allows the 

determination of the exposure level for that worker. The new testing methodology 

requires placement of the pumps and heads as per 6.2.2 to collect raw data relevant to 

the identified source of respirable and inhalable dust generation. 

 

Data required for this thesis is primary gathered data collected specifically for the 

project as no secondary data is available for analysis. The very nature of the primary 

gathered data dictates that this thesis is Applied Research. Applied Research is the 

original investigation undertaken in order to acquire new knowledge. It is directed 

primarily towards a specific practical aim or objective (Frascati, 2002), with the thesis 

objective being underpinned by the requirement of dust loads specifically collected at 

independent sources of dust generation with the controlling variable being the tonnes 

cut per sample period. 

 

The necessity for primary gathered data has produced advantages and disadvantages 

that have had effects on the progress and obtained results of the thesis. The 

advantages have been: 

 

 specific research issues have been addressed as the research has been 

controlled by the author and the research has been designed specifically for the 

thesis objectives; and 
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 greater control over how the data is collected, amount of samples to be 

collected, number of mines sampled and time frame to complete the sampling. 

The disadvantages have been; 

 the collection process has been very expensive. Costs have been incurred in 

collecting the data with an average set of 20 samples costing in the vicinity of 

$2,000 This cost has been incurred in obtaining all the necessary inductions 

and qualifications for each mine sampled, as no two mines have the same 

induction process. This induction process includes the following requirements; 

o Coal mine medical from Coal Services in NSW and a registered 

practitioner in Qld. This medical includes a complete medical 

assessment, lung X-ray and functional fitness test. These medicals cost 

$1500 in NSW and $1,000 in Qld and both last for 2 years; 

o Generic coal mine inductions for NSW and Qld. Both generic 

inductions take approximately 1 week each and cost $1200 in NSW 

and $1200 in Qld; 

o Once the generic induction has been completed, each mine has a site 

specific induction over 3 days that includes an underground egress 

walk to allow the author to work accompanied underground; 

o Completion of up to 12 site competencies to be deemed as competent 

to collect data samples. Appendix C details competencies required for 

field trials; 

 the data collection is reliant on the longwalls continued operation during the 

sampling period of controls off and on. Several tests have been undertaken 

where the longwall has broken down and the samples have been void as the 

testing was incomplete. This required retesting at a later date. 

Applied Research is a systematic process involving the practical application of 

science. It accesses and uses parts of the other accumulated research, theories, 

knowledge, methods, and techniques, for the industry driven outcome of this thesis  

 

http://en.wikipedia.org/wiki/Scientific_method
http://en.wikipedia.org/wiki/Science
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and is detailed in the following sections, commencing with preparing the filters for 

dust sampling through to installing the pumps and heads on the longwall.  

6.4 Preparation Process for Data Collection 

 

The preparation process for data collection requires the filters to be easily identified 

with the coal mine being sampled. This process is explained in the Figure 6.7. 

 
Figure 6.7  Data Collection Preparation Process Flowchart 

 

6.4.1 Prepare Identification Labels 

 

 

 
 

 

Log onto the computer 

 

 

Open Microsoft word 

 

 

Click the mailing tab 

 

Click on labels  

Prepare 
Identification 

Labels 

Label Petri 
dishes and 

sampling heads 

Pre-weigh 
filters 

Load filters into 
sampling heads 

Calibrate 
pumps 

Post-weigh 
filters 
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A box will then come up saying 

envelopes or labels 

 

 

Click on the labels tab 

 

 

Make sure the labels are the right 

size J8651 Custom 

 

Click new document 

 

Edit the labels 

 

 

 

Press Print 

 

Rough Copy first with normal A4 

paper 

 

Put labels into the printer and press 

print 

Figure 6.8  Label Preparation Process 
 

6.4.2 Preparing Petri Dishes for Filter Identification 

 

 

 

 

Line up the heads (Respirable and 

Inhalable). 

 

Make sure all of the Respirable 

heads are together and all the 

Inhalable heads are together.  
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Lay out the petri dishes (as many as 

you require) 

 

 
 
 
 
 
 

 

 

Apply the already made and printed 

labels to the head and petri dishes 

 

Apply the labels to the petri dishes 

 

 

 

 

 

 

 

 

Make sure your label match the 

right heads and Petri dishes 

  

Line the heads in order. 

 

Make sure the labels are all correct 

on the heads i.e. Benchmark, 
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Controls test #2 with Respirable and 

Inhalable 

 

 

 

 

Line the petri dishes up to the 

correct heads 

Figure 6.9  Filter Head Identification Process 
 

6.4.3 Pre Weighing Filter Process 

 

  

Log onto computer and log into 

program 

 

Open ‘Dust Testing’ file 

 

Locate customer in file (if none – 

Create new) 

 

Create new folder to match current 

test date on Petri dish 

Open dust testing template and 

complete template 

 

Date and save to file 

 

Save and close programme (set up 

file) 
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Open scale software (LABX 

DIRECT) on desktop  

 

Ensure language is English and 

click next 

 

Click next until you reach Task 4. 

Select target file. Open file > dust > 

testing file > customer file > date 

testing file >    open 

 

Click Apply 

 

 

Locate Filters 

 

Removing 5x Petri dishes from first 

set (Benchmark) 

 

 

Locate filter papers 

 

 

Remove from packet as per photo 
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Locate and use tweezers to pick up 

individual filter paper 

 

 

Remove filter/protective cover 

 

 

 

Separate protective paper from filter 

gently 

 

Discard protective paper 

 

 

Turn on scales 

 

Ensure scales read 0.00 
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Open scale door 

Place filter on centre of scales 

close door 

Transfer weight to computer 

Open door  

remove filter 

 

 

Ensure active cell in spread sheet 

lines up with petri dish first line 

details 

 

Ensure written scales confirmed 

weight record  

 

Ensure weight recorded in active 

cell 

 

 

 

Place pre weighed filter in petri dish 

 

Repeat procedure for all sample 

groups to be tested 

 

Figure 6.10  Pre-Weighing Filter Process 
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6.4.4 Sampling Head Loading Process 

 

 
 

 

 

 

 

 

Start with weighing the new filter 

 

 

 
 

 

 

 

Apply the new filter to the petri 

dishes 

(use tweezers at all time) 

 
 

 
 

 

 

Pull apart the head 

(As shown) 

 

Make sure petri dish with new filter 

lines up with the correct head 
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Gently remove the filter with the 

tweezers 

from the petri dish to the head. 

 
 

 

 

 

 

Put the Head back together 

 

 
 

 

Line the empty Petri dishes up with 

the loaded heads. 

 

Ready to be collected by the Dust 

Sampler. 

Figure 6.11  Head Loading Process 
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6.5 Pump Calibration Process 

6.5.1 Inhalable Pump Calibration Process 

 

Pump calibration for inhalable dust sampling is required to ensure the correct flow of 

2.0 lpm is going through the pump. The process for calibration is detailed in 

Appendix 6. 

 

6.5.2 Respirable Dust Pump Calibration Process 

 

Pump calibration for respirable dust sampling is required to ensure the correct flow of 

2.2 lpm is going through the pump. The process for calibration is detailed in 

Appendix 7. 

 

6.6 Post-weigh Procedure 

 

 
 

 

 

 

Receive petri dishes with dirty filters 

from the dust sampler 

 

Take heads out of the sandwich bags. 

 

Lay the heads on the bench 

 

Match the petri dishes to the heads 

 

Get someone to double check 
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Unscrew heads 

 

Make sure to have gloves on and 

some tweezers 

 

 
 

 

 
 

 

 

Gently with the tweezers lift the filter 

off of the head.  

 

 

 

Carefully locate the dirty filter from 

the head to petri dish. 
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Making sure the filter in the petri dish 

match up to the head. 

 

Get someone to double check when 

you are finished. 

 

 
 

 

When finished locating the filter from 

the head to the petri dishes. 

 

Put in the post weight basket. 

Figure 6.12  Post-Weigh Process 
 

6.7 Calculating Dust Mitigation Efficiency 

 

6.7.1 Calculating Exposure Levels 

 

As discussed in Chapter 5, AS2985 and AS3640 utilise a time weighted average 

calculation for both respirable and inhalable dust to determine the exposure level of 

the person or place sampled. The key variable in this calculation is the time taken to  
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collect the sample. The time taken to collect the sample underpins the amount of 

respirable or inhalable dust that the person or place is exposed to over the period of 

the sample. 

 

According to AS2985 and AS3640, the calculation process used to determine the 

exposure to both respirable and inhalable dust is as follows: 

 

(a) Calculate the weight of dust collected, from the following equation: 

 

w = (w2 - w1) − (b2 - b1) 

   

Equation 6.1  Blank Corrected Filter Weight 

 

where 

w = blank corrected weight of dust collected on the filter, in milligrams 

w1 = weight of unladen filter, in milligrams 

w2 = weight of used filter, in milligrams 

b1 = weight of blank filter before sampling, in milligrams 

b2 = weight of blank filter after sampling, in milligrams 

 

(b) Calculate the average flow rate (Q), and volume of air (V) passed through each 

filter for the duration of sampling from the following equations: 

 

Q = Q1 + Q2 

                  2        

Equation 6.2  Average Flow Rate 

 

V = Q× t 

           1000 

Equation 6.3  Volume of Air 

 

Where 

 

Q = average flow rate, in litres per minute 

Q1 = initial flow rate, in litres per minute 

Q2 = final flow rate, in litres per minute 

t = sampling duration, in minutes 

V = air volume, in cubic metres 
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(c) Calculate the average concentration (C) of respirable dust from the following 

equation: 

 

C = w/V 

 

Equation 6.4  Average Concentration 

 

Where 

 

C = dust concentration, in milligrams per cubic metre 

w = net weight of dust, blank corrected, in milligrams 

V = air volume, in cubic metres 

 

 

The concentration in mg/m
3
 is the exposure level of the sample taken and this is then 

applied to the respirable or inhalable legislated exposure limit and either a pass or fail 

to this limit is determined. 

 

6.7.2 Calculating DME 

 

Dust Mitigation Efficiency is calculated to determine the efficiency of installed 

controls as a percentage of a tested dust load benchmark. Two tests are undertaken, 

one as a benchmark with no engineering controls operating to mitigate the produced 

dust, and the second test performed with all engineering controls operating. The 

difference between controls off and controls on determines the DME which is a 

quantifiable number that shows the percentage decrease, or in some cases increase, of 

dust loads produced at independent sources of dust generation and how effective the 

installed controls are at mitigating this produced dust. 

 

The calculation process to determine the respirable and inhalable DME is as follows: 

 

DMEn = (
(
    –    

  
) (

    –    

  
)

(
    –    

  
)

) x 100 

  

Equation 6.5  Dust Mitigation Efficiency 
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Where: 

 

DME = Dust Mitigation Efficiency 

n =  Location of monitors and heads 

Wbi =  Weight of initial benchmark test filter unladen, in milligrams  

Wbf  =  Weight of final benchmark test filter used, in milligrams 

Tb =  Tonnes cut for benchmark testing 

Wei =  Weight of initial efficiency test filter unladen, in milligrams 

Wef  =  Weight of final efficiency test filter used, in milligrams 

Te =  Tonnes cut for efficiency testing 

 

 

The DME is presented as a percentage (%) change in the mg/tonne produced at each 

individual source of dust generation sampled. This can be either a positive or negative 

number, with the negative number representing a reduction in dust or a positive 

number an increase in dust when installed engineering controls are operating. 

 

6.7.3 Example of DME Calculation 

 

Following is an example of how a DME is calculated from collected samples at 

individual sources of dust generation. 

 

Table 6.1  Example Table of Results 

 
 

 

Benchmark Test

Respirable Dust Benchmark Respirable Dust Controls Operating

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 7.08 7.69 0.61 LOC 7.34 7.97 0.63

Belt Road 7.02 7.77 0.75 Belt Road 7.13 7.3 0.17

BSL Discharge 6.97 8.08 1.11 BSL Discharge 7.54 8 0.46

Maingate 7.18 7.96 0.78 Maingate 7.71 7.99 0.28

Tailgate 7.11 7.89 0.78 Tailgate 7.54 8.18 0.64

Inhalable Dust Benchmark Inhalable Dust Controls Operating

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 7.3 7.89 0.59 LOC 7.54 8.06 0.52

Belt Road 7.2 7.73 0.53 Belt Road 7.45 7.62 0.17

BSL Discharge 7.51 7.66 0.15 BSL Discharge 7.44 8.1 0.66

Maingate 7.94 8.18 0.24 Maingate 7.3 8.16 0.86

Tailgate 7.48 8.14 0.66 Tailgate 7.21 8.2 0.99

Tonnes Benchmark 1184

Tonnes Controls on 1117
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Table 6.1 shows a typical excel spread sheet of collected data from a longwall mine. 

The results are recorded in sample location, filter initial weight, filter final weight and 

the resulting net weight of the filter. The results are then separated into respirable 

benchmark testing, or samples taken with no controls operating, respirable efficiency 

testing, or samples taken with all controls operating, inhalable benchmark testing, or 

samples taken with no controls operating and inhalable efficiency testing, or samples 

taken with all controls operating. The tonnes cut for both tests were also recorded. 

6.7.4 Respirable DME at Last Open Cut-Through 

 

n LOC 

Wbi  7.08 

Wbf  7.69 

Tb  1184 

Wei  7.34 

Wef   7.97 

Te  1117 

 

 

 

Respirable  DMEn = (
(
    –    

  
) (

    –    

  
)

(
    –    

  
)

) x 100 

 

 

        = (7.97 – 7.34) – (7.69 – 7.08) 

        1117        1184   X 100 
            (7.69 - 7.08) 

         1184 

   

          = 0.000564 – 0.000515 

         0.000515  X 100 

 

        = 9.51% 

 
The DME at the LOC is 9.51% which represents a 9.51% increase in respirable dust 

produced with the installed engineering controls operating. 
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6.7.5 Respirable DME at Belt Road 

 

n Belt Road 

Wbi  7.02 

Wbf  7.77 

Tb  1184 

Wei  7.13 

Wef   7.30 

Te  1117 

 

 

 

Respirable  DMEn = (
(
    –    

  
) (

    –    

  
)

(
    –    

  
)

) x 100 

 

 

        = (7.30 – 7.13) – (7.77 – 7.02) 

        1117        1184   X 100 
            (7.77 - 7.02) 

         1184 

   

 

          = 0.000152 – 0.000633 

         0.000633  X 100 

 

          = -75.9% 

 
The DME at the belt road is -75.9% which represents a 75.9% decrease in respirable 

dust produced with the installed engineering controls operating. 
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6.7.6 Respirable DME at BSL Discharge 

 

n BSL Discharge 

Wbi  6.97 

Wbf  8.08 

Tb  1184 

Wei  7.54 

Wef   8.00 

Te  1117 

 

 

 

 

Respirable  DMEn = (
(
    –    

  
) (

    –    

  
)

(
    –    

  
)

) x 100 

 

 

        = (8.00 – 7.54) – (8.08 – 6.97) 

        1117        1184   X 100 
            (8.08 – 6.97) 

         1184 

 

 

   

          = 0.000411 – 0.000937 

         0.000937  X 100 

 

          = -56.1% 
 

The DME at the BSL discharge is -56.1% which represents a 56.1% decrease in 

respirable dust produced with the installed engineering controls operating. 
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6.7.7 Respirable DME at the Maingate 

 

n Maingate 

Wbi  7.18 

Wbf  7.96 

Tb  1184 

Wei  7.71 

Wef   7.99 

Te  1117 

 

 

 

Respirable  DMEn = (
(
    –    

  
) (

    –    

  
)

(
    –    

  
)

) x 100 

 

 

        = (7.99 – 7.71) – (7.96 – 7.18) 

        1117        1184   X 100 
            (7.96 – 7.18) 

         1184 

   

          = 0.000250 – 0.000658 

         0.000658  X 100 

 

          = -62% 

 
 

 

The DME at the maingate is -62% which represents a 62% decrease in respirable dust 

produced with the installed engineering controls operating. 
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6.7.8 Respirable DME at the Tailgate 

 

n Tailgate 

Wbi  7.11 

Wbf  7.89 

Tb  1184 

Wei  7.54 

Wef   8.18 

Te  1117 

 

 

 

 

Respirable  DMEn = (
(
    –    

  
) (

    –    

  
)

(
    –    

  
)

) x 100 

 

 

        = (8.18 – 7.54) – (7.89 – 7.11) 

        1117        1184   X 100 
            (7.89 – 7.11) 

         1184 

   

          = 0.000573 – 0.000659 

         0.000659  X 100 

 

          = -13% 

 
The DME at the tailgate is -13% which represents a 13% decrease in respirable dust 

produced with the installed engineering controls operating. 
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6.7.9 Inhalable DME at Last Open Cut-through (LOC) 

 

n LOC 

Wbi  7.30 

Wbf  7.89 

Tb  1184 

Wei  7.54 

Wef   8.06 

Te  1117 

 
 

 

Inhalable DMEn = (
(
    –    

  
) (

    –    

  
)

(
    –    

  
)

) x 100 

 

 

        = (8.06 – 7.54) – (7.89 – 7.30) 

        1117        1184   X 100 
            (7.89 - 7.30) 

         1184 

   

          = 0.000466 – 0.000498 

         0.000498  X 100 

 

          = -6.4% 

 
The DME at the LOC is -6.4% which represents a 6.4% decrease in inhalable dust 

produced with the installed engineering controls operating. 
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6.7.10  Inhalable DME at Belt Road 

 

 

n Belt Road 

Wbi  7.20 

Wbf  7.73 

Tb  1184 

Wei  7.45 

Wef   7.62 

Te  1117 

 

 

 

 

 

Inhalable DMEn = (
(
    –    

  
) (

    –    

  
)

(
    –    

  
)

) x 100 

 

 

        = (7.62 – 7.45) – (7.73 – 7.20) 

        1117        1184   X 100 
            (7.73 - 7.20) 

         1184 

   

          = 0.000152 – 0.000448 

         0.000448  X 100 

 

          = -66% 

 
The DME at the belt road is -66% which represents a 66% decrease in inhalable dust 

produced with the installed engineering controls operating. 
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6.7.11  Inhalable DME at BSL Discharge 

 

n BSL Discharge 

Wbi  7.51 

Wbf  7.66 

Tb  1184 

Wei  7.44 

Wef   8.10 

Te  1117 

 

 

 

 

Inhalable  DMEn = (
(
    –    

  
) (

    –    

  
)

(
    –    

  
)

) x 100 

 

 

        = (8.10 – 7.44) – (7.66 – 7.51) 

        1117        1184   X 100 
            (7.66 – 7.51) 

         1184 

   

          = 0.000590 – 0.000127 

         0.000127  X 100 

 

          = 365% 

 
The DME at the BSL discharge is 365% which represents a 365% increase in 

inhalable dust produced with the installed engineering controls operating. 
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6.7.12  Inhalable DME at the Maingate 

 

n Maingate 

Wbi  7.94 

Wbf  8.18 

Tb  1184 

Wei  7.30 

Wef   8.16 

Te  1117 

 

 

 

 

Inhalable DMEn = (
(
    –    

  
) (

    –    

  
)

(
    –    

  
)

) x 100 

 

 

        = (8.16 – 7.30) – (8.18 – 7.94) 

        1117        1184   X 100 
            (8.18 – 7.94) 

         1184 

   

          = 0.000770 – 0.000203 

         0.000203  X 100 

 

          = 279% 

 
The DME at the maingate is 279% which represents a 279% increase in inhalable dust 

produced with the installed engineering controls operating. 
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6.7.13  Inhalable DME at the Tailgate 

 

n Tailgate 

Wbi  7.48 

Wbf  8.14 

Tb  1184 

Wei  7.21 

Wef   8.20 

Te  1117 

 

 

 

Inhalable DMEn = (
(
    –    

  
) (

    –    

  
)

(
    –    

  
)

) x 100 

 

 

        = (8.20 – 7.21) – (8.14 – 7.48) 

        1117        1184   X 100 
            (8.14 – 7.48) 

         1184 

   

          = 0.000886 – 0.000557 

         0.000557  X 100 

 

          = 59% 

 
The DME at the tailgate is 59% which represents a 59% increase in inhalable dust 

produced with the installed engineering controls operating. 
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6.8 Instrumentation for Data Collection 

 

AS2985 and AS3640 clearly define the process to be used to determine personal 

exposure levels in coal mines. For the purpose of this efficiency sampling, the same 

equipment will be used to collect dust load at each individual source of dust 

generation on a longwall to ensure uniformity of collected data, reliability of data 

analysis and approval for use in underground coal mines. 

 

6.8.1 AS2985 Respirable Dust Sampling 

 

Section 6.1 of AS2985 - Workplace atmospheres - method for sampling and 

gravimetric determination of respirable dust states the essential features of a sampling 

system are a filter (on which the sample is collected) and a pump for drawing the air 

through the filter. The filter shall be secured in a holder that prevents air from leaking 

around the edge of the filter. The filter shall be preceded by a size-selective sampler. 

 

Section 6.4 of AS2985 states that sampling pumps shall be capable of operation at the 

designated flow rate ±0.1 L/min for the duration of the sample period. The pulsation 

ratio shall not exceed 0.2 and preferably be less than 0.1. Some pumps may require 

pulsation dampers to achieve this performance. Figure 6.13 shows the approved SKC 

pump for use in respirable and inhalable dust sampling. 
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Figure 6.13  The Universal Pump by SKC 

 

Section 6.2 of AS2985 further states that the respirable fraction shall be collected by 

using a size-selective sampler. Such devices include miniature cyclones such as the 

British Cast Iron Research Association (BCIRA) Higgins and Dewell and Safety in 

Mines Research Establishment Personal Dust Sampler (SIMPEDS) 

 

Section 6.3 of AS2985 details that the filter size shall be chosen to suit the sampling 

head. Filters of 25 mm diameter are preferred, but a 37 mm diameter filter may be 

used. Filters of nominal pore size of 5m or less shall be used. The type of filter 

material shall be chosen so that electrostatic charge, moisture variations, and loss of 

filter or sample do not significantly affect the analysis. In general, electrostatic charge 

problems have to be overcome with PVC and polycarbonate filters; significant 

moisture variations affect cellulose filters; loss of filter can occur with silver 
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membrane and glass fibre filters. If polycarbonate filters are used, the nominal bore 

size shall be 0.8m or less. Care should be taken to ensure that there is no sample loss 

during use or transportation. Figure 6.14 shows the respirable sampling head used for 

data collection. 

 

 
Figure 6.14  Respirable Cyclone Head 

 

6.8.2 AS3640 Inhalable Dust Sampler 

 

According to section 6.1 of AS3640 - Workplace atmospheres - method for sampling 

and gravimetric determination of inhalable dust the essential features of a sampling 

system are an inhalable dust sampling device (containing a filter on which the sample 

is collected) and a pump for drawing the air through the device. The filter shall be 
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secured in the device in such a manner that it prevents air from leaking around the 

edge of the filter. 

 

Section 6.2 details that the inhalable fraction shall be collected by using a sampling 

device that satisfy the ISO 7708 criteria. For example: 

 

IOM inhalable dust sampling head. The UK Institute of Occupational Medicine, 

Edinburgh has developed a personal sampler for inhalable dust (Figure 6.15), which 

embodies a single orifice entry and a filter contained within a special cassette. The 

cassette and the enclosed filter may be weighed either separately or together. The 

sampler requires a pump unit capable of maintaining a smooth flow rate of 2.0 ±0.2 

L/min throughout the sampling period. 

 
Figure 6.15  IOM Inhalable Fraction Head 

 

The sampling head is suitable for sampling particles smaller than approximately 

30m to 50m EAD, which is the most common requirement.  
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6.9 Risk Assessments 

 

All mines tested required a risk assessment to be carried out to identify the risks and 

hazards involved in turning the installed engineering controls off. From these risk 

assessments, it was determined that the shearer drum sprays had to remain on as they 

were essential to minimize the risk of frictional ignition during the cutting cycle. 

 

The structured approach to the process of occupational hygiene issue management 

revolves around the process of risk assessment. Specific details on the risk assessment 

process can be obtained by reading AS/NZS 3931:19981 and AS/NZS 4360:20042. A 

matrix used by a number of coal mining operators in NSW for the evaluation of 

occupational health and safety issues has been used to highlight how the process 

works and this process should be recognized and included in this methodology. 

 

Step 1 

 

The fundamental basis for any risk management approach is a belief that all 

workplaces should be free, as is reasonably practicable, of potential hazards that could 

give rise to adverse health effects. To ensure this, in respect to occupational hygiene, 

there is a need for total team commitment for this project that should include: 

 all equipment and processes on-site that may give rise to potential adverse health 

effects be identified and evaluated;  

 any situations that are identified as problems or issues be assigned a relative risk 

ranking; and 

 where appropriate, risk assessments are applied and interpreted by professionally 

qualified personnel. 

 

Control strategies are initiated to:  

 Reduce exposures where possible; 

 Eliminate hazards where possible; and 

 Maintain control over workplace hazards  
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Effective personal protective equipment is to be provided to the workforce in the area 

of sampling, where necessary, to ensure that those atmospheric contaminants do not 

give rise to adverse health effects for the period of the sampling with the controls off.  

 

Step 2 

 

A Risk Assessment Team should be formed to evaluate the issue or process for 

possible adverse health effects. This may be incorporated as part of the responsibility 

of the site dust committee if one exists. Each Risk Assessment Team would normally 

include the following:  

 Supervisor familiar with the process or procedure (Team Leader). 

 Workforce representative(s) from area involving the process or procedure.  

 Safety coordinator for area under review. 

 

The Risk Assessment Team has responsibility for: 

 Obtaining all information and advice necessary to plan an accurate assessment for 

the sampling period. 

 The assessment of any equipment, process or procedure in terms of adverse health 

effects attributable to this project. 

 The assignment of a category rating for all potential problems and issues. 

 The indication of new or changed safe work practices or control strategies that 

must be developed for the project. 

 Notifying the Manager, the Safety Advisor and the Occupational Health and  

Safety Committee of any significant or moderate risk attributable to the project. 

 

Step 3 

 

Once the Risk Assessment Team has been formed the team leader should arrange a 

short planning meeting where the following topics are addressed: 

 

 All team members are familiarised with the specific issue, process or procedure to 

be evaluated. 
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 All available information should be tabled to enable a comprehensive risk 

assessment. If it is judged that more information is required then it is the team 

leader's responsibility to obtain that material before the process proceeds. 

 

Step 4 

 

The Risk Assessment then assigns a risk rank level to the situation under review. This 

is done by the use of a Risk Rank Model, where;  

 

RISK = PROBABILITY X CONSEQUENCE and;  

RISK RANK 1-3 (SIGNIFICANT) = RED  

RISK RANK 4-13 (MODERATE) = YELLOW  

RISK RANK 14-20 (LOW) = GREEN  

 

The risk model used is very simplistic and some mines may have more complex 

models which suit the needs of their individual operation. Irrespective of the model 

used the process remains the same and will be updated to the matrix as deemed 

operable by the mine site. 
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Table 6.2  Risk Ranking Model 
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Step 5  

 

Clear, concise records of the risk assessment process must be maintained in the Mine 

files, indicating who conducted the review, on the basis of the assessment, the result 

of the assessment and any recommendations for control strategies, (and whether 

adopted, with date of implementation). 

 
Appendix 4 shows a detailed risk assessment for Mine A and Appendix 5 shows a 

detailed risk assessment to attach pumps and heads to the shearer at Mine C. 

6.10 Summary 

 

Following on from the identified need in Chapter 5 for the development of an 

alternative testing method for determining respirable and inhalable dust levels, 

Chapter 6 has discussed in detail the development of the Dust Mitigation Efficiency 

Model and detailed how the calculation process for DME determination is carried out. 

The DME model has been successful in quantifying the mitigation efficiency of 

installed engineering controls for respirable and inhalable dust produced at each 

known source of dust generation. 

 

By determining benchmark respirable and inhalable dust loads where installed 

engineering controls are turned off and re-measuring these dust loads with installed 

controls operating, a quantifiable percentage reduction, or in some cases an increase, 

in respirable and inhalable dust loads at identified sources of dust generation is 

produced. This DME can then be continually monitored as part of a Dust 

Management Plan that may include alternative mitigation controls installed or trialled 

to increase mitigation of the produced dust. 

 

Chapter 6 has also detailed the comprehensive process required that underpins final 

data collection, from filter preparation and data recording to head and monitor 

placement on the longwall for data collecting. 

 

Chapter 6 further discusses the compliance requirements from tested longwalls to 

enable the DME model to be used.  
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7. CHAPTER SEVEN - FIELD TRIALS IN AUSTRALIAN 

LONGWALLS 
 

In this thesis, with the development of the DME model completed, field trials were 

undertaken to ascertain any measurable benefits the new testing methodology can 

provide to mine operators to better understand the production of dust loads on 

Australian longwalls as both a benchmark dust production and how effectively 

installed controls mitigate that produced dust. 

 

Field trials were undertaken at 5 Australian longwalls incorporating 190 respirable 

dust samples and 170 inhalable dust samples. Table 7.1 shows details of mines where 

field trials were undertaken. 

 

Table 7.1  Mines where field trials were undertaken, seams and seam thicknesses 
 

Mine A Mine B Mine C Mine D Mine E 

NSW/Hunter NSW/Southern NSW/Southern Qld/Northern NSW/Newcastle 

Newcastle 

Middle Liddell/ 

2.3-2.8m 

Bulli/ 2.8-3.2m Bulli, 2.8-3.4m Goonyella 

Middle/ 3.8-4.5m 

Greta 

  

7.1 Field Study Mine A 

 

Mine A was the first mine to undertake the field study with the data being collected 

by Coal Services. Instructions relating to pump and head placement were recorded 

and data was collected as per the collection process detailed in Chapter 6. Raw data 

results, ie the measured difference between the pre weighed filter and the post 

weighed filter, were received by the author after completion of the field trial by Coal 

Services. This raw data was analysed utilising the Dust Mitigation Efficiency formula 

detailed in section 6.3.7. 
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7.1.1 Operational Parameters of Mine A 

 

Table 7.2 details the operating parameters of Mine A. 

 

Table 7.2  Mine A Operational Parameters 
 Mine A 

State/Coalfield  New South Wales/Hunter 

Seam/Working thickness, metres (m) Middle Liddell/ 2.3-2.8m 

Coal Type Thermal 

Depth of cover, metres (m)  300-500m 

Marketable reserves, proved and probable, million tonnes 

(Mt)  

34Mt 

Longwall operations (weekly)  5 x 8.5hr shifts, 

  8 x 10hr shifts and 6 x 12hr shifts,  

 weekly; 19 unit shifts 

Other operations (weekly)  5 x 8.5hr shifts,  

 8 x 10hr shifts and 6 x 12hr shifts, 

  weekly; 38 unit shifts 

Raw coal output 2011, tonnes    

Longwall face, tonnes  1,417,900 

Other, tonnes  8,700 

Total, tonnes  1,426,600 

Forecast total raw coal output 2012, tonnes  not available 

Longwall face raw coal output 2010-11, tonnes  1,248,000 

Total mine raw coal output 2010-11, tonnes  1,438,000 

Commenced longwall mining  Aug-02 

Longwall block dimensions 2011    

Width, metres (m)  246m, 246m 

Length, metres (m)  2388m, 2555m 

Shearer manufacturer  Eickhoff 

Type  SL750 DERDS 

Drum diameter, metres (m)  M/G 2m, T/G 2m 

Cutting height, metres (m)/ Method/ Web depth, 

millimetres (mm)  

2.3-2.8m, Bi-di, 1000mm 

Install power, kilowatts (kW)  1474kW 

Roof support manufacturer  Bucyrus 

Type/Number of supports  2-leg chock, 143 

Yield load, tonnes (t) Working range, metres (m) Control  1050t, 1.4-3.1m, PM4 

Face conveyor manufacturer  Bucyrus 

Width, millimetres (mm) Chain size, millimetres (mm)  1000mm PF4, 42mm twin-in-board 
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Chain speed metres per second (m/s) Manufacturer  1.49m/s, THIELE 

Motors, kilowatts (kW)  2 x 855kW 

Beam stage loader manufacturer kilowatts (kW)  Bucyrus, 1532mm/PF4, 400kW 

Coal crusher manufacturer, kilowatts (kW)  Bucyrus, SK11/18, 400kW 

Coal clearance (to surface) type, Capacity, tonnes per 

hour (tph)  

Conveyor, 3200tph 

Shearer drum speed 42rpm 

Shearer Speed 5-8m/min 

Av. Shears per Shift 4 

Av. Tonnes per Shear 2000 

Ventilation on Longwall 45m3/sec 

 

7.1.2 Pump and Head Location Mine A 

 

Placement of the pumps and gravimetric heads will be at the last open cut-through 

before the ventilation enters the longwall, the belt road, BSL discharge, chocks 1 

through 105, the tailgate and the maingate and tailgate shearer operator. Figure 7.1 

denotes pump and head positioning for this field trial. 

 

 

Figure 7.1  Mine A pump and head location 

7.1.2.1 Pump and Head Location in Last Open Cut-through 

 

The monitors and gravimetric heads were placed in the last open cut-through before 

the ventilation enters the longwall to measure dust entering the longwall from outbye  
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travel roads. Figure 7.2 denotes the positioning of pumps and heads in the last open 

cut-through. 

 

 
Figure 7.2  Mine A Pump and Head Location in LOC 

7.1.2.2 Pump and Head Location in Belt Road 

 

The monitors and gravimetric heads were placed in the belt road to measure fugitive 

dust entering the longwall from the conveyor belt. Figure 7.3 denotes the positioning 

of pumps and heads in the belt road. 
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Figure 7.3  Mine A Pump and Head Location in the Belt Road 

7.1.2.3 Pump and Head Location at BSL Discharge 

 

Sampling monitors and heads were placed inbye from the BSL discharge to the 

outbye belt and hung from the roof. They were placed close to the walkway side to 

allow for the heads to be changed without the need to walk on the top of the 

discharge. 

 

The heads were changed and after the first sampling period of two shears had been 

completed.  Figure 7.4 shows BSL discharge pump and head placement for sampling. 
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Figure 7.4  Mine A Pump and Head Location at BSL Discharge 

7.1.2.4 Pump and Head Location for Shearer Dust 

 

To sample accurate dust loads generated from the shearer, sampling will need to be 

done on both the maingate drum and the tailgate drum. Mine A utilises a modified 

uni-di cutting system which incorporates the tail gate drum cutting 500mm lower than 

the maingate drum on the tail to main cut. 

 

The placement of the pumps and heads posed some problems as sampling needed to 

be done as close to the source of generation as possible to minimise the chance of 

sample contamination and maximise dust load capture. For this to occur, the pumps 

and heads were attached to shearer driver and chock operators. Figure 7.5 denotes 

personal sampling locations for measurement of shearer produced dust. 

 

 

 

 

Pumps and 

heads placed 

here 
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Figure 7.5  Mine A Location of Personal Samplers 

7.1.2.5 Pump and Head Location for Crusher 

 

Pumps and heads were placed on the top or side of the crusher, depending on ease of 

installation, approximately 500mm inbye of the crusher intake. This will allow the 

sampling of crusher generated dust that may escape from the crusher mouth into the 

intake ventilation at the maingate. They may be mounted on the maingate chock. 

Figure 7.6 denotes monitor and head positioning on the crusher. 
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Figure 7.6  Mine A Pump and Head Location Over Crusher Intake 

7.1.2.6 Pump and Head Location for Crusher and BSL 

 

Pumps and heads were placed in the maingate area on the underside of the maingate 

chock, before the ventilation enters the longwall. These pumps and heads were used 

to sample intake contamination from inadequately sealed BSL’s and crushers. The 

pump and head placement in the intake travel and belt roads, the BSL discharge and 

the crusher will allow determination of the dust loads from each of those sources and 

these Figures combined can be taken away from the dust loads from the maingate 

pump and heads, giving a dust load escaping from the inadequately sealed BSL and 

crusher.  

 

Figure 7.7 denotes the positioning of the monitors and heads to sample dust loads 

from inadequately sealed crusher and BSL. 
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Figure 7.7  Mine A Pump and Head Location for Inadequate Crusher and BSL 

Sealing 

 

The monitors were hung from the maingate chock in the intake ventilation ensuring 

the pumps and heads were safe from damage during chock movement. 

7.1.2.7 Pump and Head Location for Chock Dust 

 

This sampling methodology has the opportunity to fully measure dust loads generated 

during chock movement. The monitors will be hung from the underside of the chock. 

By placing the pumps and heads every 20 chocks, analysis will be able to quantify 

where and during what sequence, the most dust is generated, and where contaminated 

ventilation that has entered via the maingate will re-enter the longwall.  

 

Figure 7.8 denotes position of monitors and heads on the underside of the chocks to 

monitor dust generated during movement. 

 

 

Samplers 

placed here 
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Figure 7.8  Mine A Placement of Pumps and Heads on the Underside of Chocks 

7.1.2.8 Pump and Head Location for Total Dust 

 

Sampling the total dust loads produced was obtained by placing monitors on the 

tailgate chock, or chock 139 before the methane dilution wing. These monitors will 

sample the full dust loads generated from all sources on the longwall. Figure 7.9 

denotes the location of the pumps and heads to sample total face dust. 
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Figure 7.9 Mine A Pump and Head Location in the Tailgate 

7.1.3 Mine A Installed Engineering Controls 

 

Table 7.3 details the installed engineering controls on Mine A longwall. 

 

Table 7.3 Mine A Installed Engineering Controls 

 
BSL discharge  

Number of sprays in BSL discharge 2 plus 1 cluster spray 

Type: Solid, Hollow cone, Flat, V Hollow cone 

Spray Diameter 6 and 8mm 

Water Pressure 20Bar 

Water Flow NA 

BSL Sprays  

Number of sprays 12 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 6mm 

Water Pressure 20Bar 

Water Flow NA 

BSL crusher  

Number of sprays 12 

Pumps and 

heads placed 

here 
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Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 6mm 

Water Pressure 20Bar 

Water Flow NA 

Shearer  

Number of sprays 84 

Type: Solid, Hollow cone, Flat, V Solid Cone 

Spray Diameter 1.2mm 

Water Pressure 65Bar 

Water Flow NA 

Types of Picks Radial 

Shearer Clearer Not Operating 

Other Dust Controls Used? AFC Sprays in Maingate. BSL 

Scrubber 

 

7.1.3.1 Installed Controls in the BSL Discharge 

 

The BSL discharge has the traditional FRAS rubber skirting arrangement between the 

bottom of the discharge for the coal discharge onto the outbye belt. Inside the 

discharge hood is two 6mm solid cone sprays and on the outside is a code 96 Conflow 

Cluster spray. 

 

Figure 7.10 shows the FRAS rubber skirting from the BSL discharge to the outbye 

belt and the code 96 cluster spray. Figure 7.11 shows the code 96 Cluster Spray and 

Figure 7.12 shows the solid cone sprays located inside the discharge hood. 
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Figure 7.10  Mine A BSL Discharge Skirting and Code 96 Cluster Spray 

 

 
Figure 7.11  Mine A Code 96 Cluster Spray 

 

FRAS Rubber Skirting Code 96 Cluster Spray 
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Figure 7.12  Mine A Spray Inside Discharge Hood 

7.1.3.2 Installed Controls in the Crusher and BSL  

 

The Mine A crusher and BSL are fully enclosed, have conveyor belting at the crusher 

intake, two strips before the crusher and skirts on the BSL discharge to the outbye belt 

as detailed in 7.1.3.1 . Figure 7.13 shows the conveyor belt on the intake to the 

crusher at the maingate. 
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Figure 7.13  Mine A Rubber Skirting at Intake to Crusher 

 

 

Figure 7.14 shows the conveyor belt strips inside the crusher before the hammers. 

 

 
Figure 7.14  Mine A Rubber Strips Before Crusher 
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Figure 7.15 shows the hollow cone sprays inside the crusher in two rows of three 

between the conveyor skirts. It should be noted that the sprays are installed at 

approximately 45 degrees toward the crusher. The sprays use 35-45 lpm each at a 

pressure of 12 to 20 Bar. 

 

 

 

Figure 7.15 Mine A Installed Sprays Before Crusher 

 

Mine A has also installed sprays on the transfer from the face AFC to the crusher 

intake and these are Spraying Systems flat fan sprays with a 2mm orifice designed to 

stop the dust billowing into the intake air. There are 6 sprays installed on the AFC 

wall along with a FRAS wing acting as a directional Barrier for fugitive dust forcing 

contaminated air down the face instead of along the walkway. Figure 7.16 shows the 

spray setup to suppress dust from the face to crusher intake and the directional wing. 
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Figure 7.16  Mine A Flat Fan Sprays at AFC/Maingate Transfer and Directional 

Wing 

7.1.3.3 BSL Scrubber 

 

Mine A has an electric drive dust extractor fitted to the BSL. The scrubber has suction 

duct attached to both the crusher and the BSL discharge hood, with suction quantities 

determined by an adjustable butterfly valve. At the time of the testing, this unit was 

not operating. Figure 7.17 shows the installed BSL scrubber. 
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Figure 7.17  Mine A Installed BSL Scrubber 

7.1.3.4 Shearer Dust Controls 

 

Drum mounted water sprays are the first point dust suppression process on the shearer 

cutting drum. The sprays are pointed directly at the pick point of coal fracture and add 

moisture to minimize dust liberation. Optimum pressure to the sprays is usually 20-30 

Bar, the sprays are full cone spray pattern and there are 84 sprays on the drum.  

 

Figure 7.18 shows the location of the spray behind the pick and Figure 7.19 shows the 

spray insert used. 
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Figure 7.18  Mine A Installed Drum Sprays Behind Pick 

 

 
Figure 7.19  Mine A Drum Spray Insert 

 

Drum sprays 

Spray Insert 
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7.1.3.5 Other Dust Controls 

 

Mine A has installed two “rocket sprays” at chock #5 and chock #10. These are made 

of a FRAS L-shaped material fixed to the walkway side of the panline and can swivel 

out of the way of the bretby as it passes by. The spray is a fire hose type fitting and is 

designed to spray water onto the AFC in a large fan pattern, preventing dust from 

entering the walkway as coal is conveyed into the crusher. Pressure and flow 

characteristics of these sprays are unknown. Figure 7.20 shows the installed “rocket 

sprays”. 

 

 

 
Figure 7.20  Mine A “Rocket Sprays” 

 

Mine A also has chock sprays installed but these are not used. Figure 7.22 shows the 

installed chock sprays. 
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Figure 7.21  Mine A Installed Chock Sprays 

 

7.2 Field Study Mine B 

 

Mine B was the second mine to undertake the field study with the data being collected 

by Coal Services for the first set of samples taken. Instructions relating to pump and 

head placement were detailed by the author and data was collected as per the 

collection process detailed in Chapter 6. Raw data results, ie the measured difference 

between the pre weighed filter and the post weighed filter, were received by the 

author after completion of the field trial by Coal Services. This raw data was analysed 

utilising the Dust Mitigation Efficiency formula detailed in section 6.3.7. 

 

Additional testing was undertaken at Mine B with the data being collected by the 

author. This data collection process is detailed in chapter 6.  

 

7.2.1 Operational Parameters of Mine B 

 

Table 7.4 details the operating parameters of Mine B. 
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Table 7.4  Mine B Operating Parameters 
State/Coalfield  New South Wales/Southern 

Seam/Working thickness, metres (m)  

Bulli/ 2.8-3.2m 

Coal Type Coking 

Depth of cover, metres (m)  450-500m 

Marketable reserves, proved and probable, million tonnes 

(Mt)  76Mt 

Longwall operations (weekly)  3 x 9.5hr shifts, 

  4 days; 2 x 12hr shifts, 

  3 days; 17 unit shifts 

Other operations (weekly)  3 x 9.5hr shifts, 

  4 days; 2 x 12hr shifts, 

  3 days; 45 unit shifts 

Raw coal output 2011, tonnes    

Longwall face, tonnes  1,806,400 

Other, tonnes  149,100 

Total, tonnes  1,955,500 

Forecast total raw coal output 2012, tonnes  2,100,375 

Longwall face raw coal output 2010-11, tonnes  1,968,399 

Total mine raw coal output 2010-11, tonnes  2,187,566 

Commenced longwall mining  Jul-95 

Longwall block dimensions 2011    

Width, metres (m)  154m, 154m 

Length, metres (m)  2800m, 3000m 

Shearer manufacturer  Bucyrus 

Type  Electra EL 2000 DERDS 

Drum diameter, metres (m)  M/G 2m, T/G 2m 

Cutting height, metres (m)/ Method/ Web depth, millimetres 

(mm)  

2.8-3.2m, Uni-di Half Web, 
800mm 

Install power, kilowatts (kW)  1000kW 

Roof support manufacturer  Bucyrus 

Type/Number of supports  2-leg chock chock, 80, 21 

Yield load, tonnes (t) Working range, metres (m) Control  750t, 720t, 2.2m-3.6m, PM4 

Face conveyor manufacturer  Bucyrus 

Width, millimetres (mm) Chain size, millimetres (mm)  932mm PF4, 30mm twin-in-

board 

Chain speed metres per second (m/s) Manufacturer  0.97m/s, THIELE 

Motors, kilowatts (kW)  1 x 430kW 

Beam stage loader manufacturer killowatts (kW)  Bucyrus, PF4/932mm, 125kW 

Coal crusher manufacturer, killowatts (kW)  Bucyrus, KSB63, 125kW 

Coal clearance (to surface) type, Capacity, tonnes per hour 

(tph)  Conveyor, 650tph 

Ventilation on Longwall 35m3/sec 
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7.2.2 Pump and Head Location Mine B 

 

Placement of the pumps and gravimetric heads will be at the last open cut-through 

before the ventilation enters the longwall, the belt road, BSL discharge, chocks 2, 

20,40,60,80 and the tailgate chock 94. For this testing the shearer operator was also 

tested. Figure 7.22 denotes pump and head positioning for this field trial. 

 

 

Figure 7.22  Mine B Pump and Head Location 

7.2.2.1 Pump and Head Location in Last Open Cut-through 

 

The monitors and gravimetric heads were placed in the last open cut-through before 

the ventilation enters the longwall to measure dust entering the longwall from outbye 

travel roads. Figure 7.23 denotes the positioning of pumps and heads in the last open 

cut-through. 

 

 

 

 

 

 

 

 

 

Monitor Position 

1 LOC 

2 Belt Road 

3 BSL Discharge 

4 # 2 Chock 

5 # 20 Chock 

6 # 40 Chock 

7 # 60 Chock 

8 # 80 Chock 

9 # 94 Chock 

10 Shearer Driver 
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Figure 7.23  Mine B Pump and Head Location in LOC 

7.2.2.2 Pump and Head Location in Belt Road 

 

The monitors and gravimetric heads where placed in the belt road to measure fugitive 

dust entering the longwall from the conveyor belt. Figure 7.24 denotes the positioning 

of pumps and heads in the belt road. 
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Figure 7.24  Mine B Pump and Head Location in the Belt Road 

7.2.2.3 Pump and Head Location at BSL Discharge 

 

Sampling monitors and heads were placed inbye from the BSL discharge to the 

outbye belt and hung from installed mesh.  

 

The heads were changed and after the first sampling period of two shears had been 

completed. Figure 7.25 shows BSL discharge pump and head placement for sampling. 
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Figure 7.25  Mine B Pump and Head Location at BSL Discharge 

7.2.2.4 Pump and Head Location for Crusher Dust 

 

Pumps and heads were placed on chock #2 to sample crusher generated dust that may 

escape from the crusher mouth into the intake ventilation at the maingate. The pumps 

and heads were mounted on hosing the control box. Figure 7.26 shows pump and head 

positioning on chock #2 to sample fugitive crusher dust. 
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Figure 7.26  Mine B Pump and Head Location for Crusher Dust on Chock #2 

7.2.2.5 Pump and Head Location for Shearer Dust 

 

To sample accurate dust loads generated from the shearer, sampling will need to be 

done on both the maingate drum and the tailgate drum. Mine B utilises a modified 

uni-di cutting system which incorporates the tailgate drum cutting 500mm lower than 

the maingate drum on the tail to main cut. 

 

The placement of the monitor and head posed some problems as sampling needs to be 

done as close to the source of generation as possible to minimise the chance of sample 

contamination and maximise dust load capture. For this to occur, the monitors were 

attached to shearer driver. Figure 7.27 denotes personal sampling location. 
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Figure 7.27  Mine B Location of Personal Samplers 

7.2.2.6 Pump and Head Location for Chock Dust 

 

This sampling methodology has the opportunity to fully measure dust loads generated 

during chock movement. The monitors will be hung from the underside of the chock. 

By placing the pumps and heads every 20 chocks, analysis will be able to quantify 

where and during what sequence, the most dust is generated, and where contaminated 

ventilation that has entered via the maingate will re-enter the longwall.  

 

Figure 7.28 denotes position of monitors and heads on the chocks to monitor dust 

generated during movement. 
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Figure 7.28  Mine B Placement of Pumps and Heads on Chocks 

7.2.2.7 Pump and Head Location for Total Dust 

 

Sampling the total dust loads produced was obtained by placing monitors on the 

tailgate chock, or chock 94. These monitors will sample the full dust loads generated 

from all sources on the longwall. Figure 7.29 shows the location of the pumps and 

heads to sample total face dust.  
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Figure 7.29  Mine B Pump and Head Location in the Tailgate 

7.2.3 Mine B Installed Engineering Controls 

 

Table 7.5 details the installed engineering controls on Mine B longwall. 

 

Table 7.5  Mine B Installed Engineering Controls 
BSL discharge  

Number of sprays in BSL discharge 3 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 6mm 

Water Pressure 15Bar 

Water Flow NA 

BSL Sprays  

Number of sprays 12 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 6mm 

Water Pressure 15Bar 

Water Flow NA 

BSL crusher  

Number of sprays 12 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 6mm 

Pumps and 

heads placed 

here 
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Water Pressure 15Bar 

Water Flow NA 

Shearer  

Number of sprays 64 

Type: Solid, Hollow cone, Flat, V Solid Cone 

Spray Diameter 1.2mm 

Water Pressure 65Bar 

Water Flow 475lpm 

Types of Picks Radial 

Shearer Clearer None 

Chock Sprays  

Number of sprays 2 per chock 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 1.2mm 

Water Pressure 60Bar 

Water Flow 100lpm 

Other Dust Controls Used? BSL Scrubber 

Shearer drum speed 30rpm 

Shearer Speed 5-8m/minute 

Av. Shears per Shift 4 

Av. Tonnes per Shear 650 

 

7.2.3.1 Installed Controls in the BSL Discharge 

 

The BSL discharge has the traditional FRAS rubber skirting arrangement between the 

bottom of the discharge for the coal discharge onto the outbye belt. Inside the 

discharge hood is three 6mm solid cone sprays. 

 

Figure 7.30 shows the FRAS rubber skirting from the BSL discharge to the outbye 

belt and Figure 7.31 shows the solid cone sprays located inside the discharge hood. 
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Figure 7.30  Mine B BSL Discharge Skirting 

 

 
Figure 7.31  Mine B Sprays inside Discharge Hood 

 

FRAS Rubber Skirting 



CHAPTER SEVEN 

Field Trials In Australian Longwalls

 

165 

 

 

7.2.3.2 Installed Controls in the Crusher and BSL  

 

The Mine B crusher and BSL are fully enclosed, have conveyor belting at the crusher 

intake, two strips before the crusher and skirts on the BSL discharge to the outbye 

belt. Figure 7.32 shows the conveyor belt on the intake to the crusher at the maingate. 

 

 
Figure 7.32  Mine B Rubber Skirting at Intake to Crusher 

 

Figure 7.33 shows the hollow cone sprays fitted to a spray bar that is inserted into 

holes in the top of the crusher in two rows. The sprays use 35-45 lpm each at a 

pressure of 12 to 20 Bar. Figure 7.34 shows where the spray bars are inserted to spray 

into the crusher and Figure 7.35 shows the installed spray bar. 
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Figure 7.33  Mine B Installed Sprays in Spray Bar in Crusher 

 

 

Figure 7.34  Mine B Spray Bar Location Holes in Crusher 
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Figure 7.35  Mine B Installed Spray Bar in Crusher 

 

Mine B has also installed a dropper spray arrangement with a code 96 cluster spray on 

the transfer from the face AFC to the crusher intake and at chock #5.  There is also a 

FRAS wing acting as a directional Barrier for fugitive dust forcing contaminated air 

down the face instead of along the walkway. Figure 7.36 shows the dropper spray 

setup at the maingate, which is placed over the directional wing when operating. 

Figure 7.37 shows the installed code 96 cluster spray, Figure 7.38 shows the dropper 

spray located at chock #5 and Figure 7.39 shows the directional wing fitted to the 

maingate. 
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Figure 7.36  Mine B Dropper Spray at Maingate and Directional Wing 

 

 
Figure 7.37  Mine B Code 96 Fitted to Dropper Spray 

 

Dropper Spray 

Directional Wing 
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Figure 7.38  Mine B Dropper Spray at Chock #5 

 

 
Figure 7.39  Mine B Maingate Directional Wing 
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7.2.3.3 BSL Scrubber 

 

Mine B has an electric drive dust extractor fitted to the BSL discharge. Figure 7.40 

shows the installed BSL scrubber. 

 

 
Figure 7.40  Mine B Installed BSL Scrubber 

7.2.3.4 Shearer Dust Controls 

 

Drum mounted water sprays are the first point dust suppression process on the shearer 

cutting drum. The sprays are pointed directly at the pick point of coal fracture and add 

moisture to minimize dust liberation. Optimum pressure to the sprays is usually 20-30 

Bar, the sprays are full cone spray pattern and there are 84 sprays on the drum.  

 

Figures 7.41 shows the location of the spray behind the pick and Figure 7.42 shows 

the spray insert used. 
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Figure 7.41  Mine B Installed Drum Sprays behind Pick 

 

 
Figure 7.42  Mine B Drum Spray Insert 

 

Drum sprays 

Spray Insert 
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7.2.3.5 Other Dust Controls 

 

Mine B has 2 chock sprays installed on every chock that are sequenced to come on as 

the shearer passes. They are positioned so as to stop face dust from rolling out into the 

walkway. The sprays are a hollow cone spray, 1.2mm orifice, use 100 lpm of water at 

60 Bar of pressure. Figure 7.43 shows the installed chock sprays operating. 

 

 
Figure 7.43 Mine B Installed Chock Sprays 

7.3 Field Study Mine C 

 

Mine C was the third mine to undertake the field study with the data being collected 

by the author. Multiple samples were taken at Mine C. Pump and head placement 

along with data collection was as per the collection process detailed in Chapter 6. 

Filter preparation for this testing was performed as detailed in section 6.3. This raw 

data was analysed utilising the Dust Mitigation Efficiency formula detailed in section 

6.3.7. 
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7.3.1 Operational Parameters of Mine C 

 

Table 7.6 details the operating parameters of Mine C. 

 

Table 7.6  Mine C Operating Parameters 
 Mine C 

State/Coalfield  New South Wales/Southern 

Seam/Working thickness, metres (m)  

Bulli, 2.8-3.4m 

Coal Type Coking 

Depth of cover, metres (m)  550-600m 

Marketable reserves, proved and probable, million 

tonnes (Mt)  42Mt 

Longwall operations (weekly)  3 x 9hr shifts, 

  4 days; 2 x 12hr shifts, 

  3 days; 16 unit shifts 

Other operations (weekly)  3 x 9hr shifts, 

  4 days; 2 x 12hr shifts, 

  3 days; 42 unit shifts 

Raw coal output 2011, tonnes    

Longwall face, tonnes  2,516,700 

Other, tonnes  483,700 

Total, tonnes  3,000,400 

Forecast total raw coal output 2012, tonnes  3,520,000 

Longwall face raw coal output 2010-11, tonnes  1,859,054 

Total mine raw coal output 2010-11, tonnes  2,286,842 

Commenced longwall mining  May-69 

Longwall block dimensions 2011    

Width, metres (m)  319m, 319m 

Length, metres (m)  2020m, 2316m 

Shearer manufacturer  Joy 

Type  7LS-2A DERDS 

Drum diameter, metres (m)  M/G 2.25m & 1.9m, T/G 2.25m & 1.9m 

Cutting height, metres (m)/ Method/ Web depth, 

millimetres (mm)  3.2m, Uni-di, Variable Web 

Install power, kilowatts (kW)  1130kW 

Roof support manufacturer  Joy 

Type/Number of supports  2-leg chock chock, 180 

Yield load, tonnes (t) Working range, metres (m) 

Control  1000t, 2.4-3.6m, Joy RS20 

Face conveyor manufacturer  Joy 

Width, millimetres (mm) Chain size, millimetres (mm)  1000mm, 48mm twin-in-board 
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Chain speed metres per second (m/s) Manufacturer  1.68m/s, Parsons 

Motors, kilowatts (kW)  2 x 855kW 

Beam stage loader manufacturer killowatts (kW)  Joy 1200mm, 375kW 

Coal crusher manufacturer, killowatts (kW)  Joy, 375kW 

Coal clearance (to surface) type, Capacity, tonnes per 

hour (tph)  Conveyor, 1600tph 

Ventilation on Longwall 38m3/sec 

 

7.3.2 Pump and Head Location Mine C 

 

Monitors and heads were placed on each independent source of dust generation, 

namely the last open cut-through’ the belt road, inbye of the BSL discharge, chock 

number 5 and the tailgate. In each location, two monitors and two heads were place to 

sample both respirable and inhalable dust loads. Figure 7.44 shows the location of 

pumps and heads for the testing. 

 

 

Figure 7.44  Mine C Pump and Head Location 
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7.3.2.1 Pump and Head Location in Last Open Cut-through 

 

The monitors and gravimetric heads were placed in the last open cut-through before 

the ventilation enters the longwall to measure dust entering the longwall from outbye 

travel roads. Figure 7.45 shows the positioning of pumps and heads in the last open 

cut-through. 

 

 
Figure 7.45  Mine C Pump and Head Location in LOC 

7.3.2.2 Pump and Head Location in Belt Road 

 

The monitors and gravimetric heads were placed in the belt road to measure fugitive 

dust entering the longwall from the conveyor belt. Figure 7.46 shows the positioning 

of pumps and heads in the belt road. 

 

 

 

 

 

Pumps and heads 

placed here 
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Figure 7.46  Mine C Pump and Head Location in the Belt Road 

7.3.2.3 Pump and Head Location at BSL Discharge 

 

Sampling monitors and heads were placed inbye from the BSL discharge to the 

outbye belt and hung from installed mesh.  

 

The heads were changed and after the first sampling period of two shears had been 

completed. Figure 7.47 shows BSL discharge pump and head placement for sampling. 
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Figure 7.47  Mine C Pump and Head Location Inbye of BSL Discharge 

7.3.2.4 Pump and Head Location for Crusher 

 

Pumps and heads were placed on chock #5 to sample crusher generated dust that may 

escape from the crusher mouth into the intake ventilation at the maingate. The pumps 

and heads were mounted on hosing on the control box. Figure 7.48 shows pump and 

head positioning on chock #5 to sample fugitive crusher dust. 
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Figure 7.48  Mine C Pump and Head Location for Crusher Dust on Chock #5 

7.3.2.5 Pump and Head Location for Total Dust 

 

Sampling the total dust loads produced was obtained by placing monitors on the 

tailgate chock. These monitors will sample the full dust loads generated from all 

sources on the longwall. Figure 7.49 shows the location of the pumps and heads to 

sample total face dust.  
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Figure 7.49  Mine C Placement of Pumps and Heads on Tailgate Chocks 

7.3.3 Mine C Installed Engineering Controls 

 

Table 7.7 details the installed engineering controls on Mine C longwall. 

 

Table 7.7  Mine C Installed Engineering Controls 
BSL discharge  

Number of sprays in BSL discharge 3 

Type: Solid, Hollow cone, Flat, V V-Spray 

Spray Diameter 4mm 

Water Pressure 1200kPa 

Water Flow 45lpm 

BSL Sprays  

Number of sprays 3 

Type: Solid, Hollow cone, Flat, V V-Spray 

Spray Diameter 4mm 

Water Pressure 1200kPa 

Water Flow 45lpm 

BSL crusher  

Number of sprays 9 

Type: Solid, Hollow cone, Flat, V V-Spray 

Pumps and 

heads placed 

here 
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Spray Diameter 4mm 

Water Pressure 1200kPa 

Water Flow 45lpm 

Shearer  

Number of sprays 48 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 1.5mm 

Water Pressure NA 

Water Flow 90lpm 

Types of Picks NA 

Shearer Clearer  

Number of sprays 6 

Type: Solid, Hollow cone, Flat, V Solid Cone 

Spray Diameter 3mm 

Water Pressure 20Bar 

Water Flow 25lpm 

Chock Sprays  

Number of sprays 2 per chock 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 2mm 

Water Pressure NA 

Water Flow NA 

Other Dust Controls Used?  

Shearer drum speed 31rpm 

Shearer Speed 10m/min 

Av. Shears per Shift 4 

Av. Tonnes per Shear 1250 

 

7.3.3.1 Installed Controls in the BSL Discharge 

 

The BSL discharge has the traditional FRAS rubber skirting arrangement between the 

bottoms of the discharge for the coal discharge onto the outbye belt. Inside the 

discharge hood is three 6mm V sprays. 

7.3.3.2 Installed Controls in the Crusher and BSL  

 

The Mine C crusher and BSL are fully enclosed, have conveyor belting at the crusher 

intake, two strips before the crusher and skirts on the BSL discharge to the outbye 

belt. 
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7.3.3.3 BSL Scrubber 

 

Mine C has a hydraulic drive dust extractor fitted to the BSL discharge. Figure 7.50 

shows the installed BSL scrubber. 

 

 
Figure 7.50  Mine C Installed BSL Scrubber 

 

7.3.3.4 Shearer Dust Controls 

 

Drum mounted water sprays are the first point dust suppression process on the shearer 

cutting drum. The sprays are pointed directly at the pick point of coal fracture and add 

moisture to minimize dust liberation. Optimum pressure to the sprays is usually 20-30 

Bar, the sprays are full cone spray pattern and there are 84 sprays on the drum.  

 

Figures 7.51 shows the location of the spray behind the pick and Figure 7.52 shows 

the spray insert used. 
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Figure 7.51  Mine C Installed Drum Sprays behind Pick 

 

 
Figure 7.52  Mine C Drum Spray Insert 

Drum sprays 

Spray Insert 
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7.3.3.5 Other Dust Controls 

 

Mine C has 2 chock sprays installed on every chock that are sequenced to come on as 

the shearer passes. They are positioned so as to stop face dust from rolling out into the 

walkway. The sprays are a hollow cone spray, 1.2mm orifice, use 100 lpm of water at 

60 Bar of pressure. The installed chock sprays were not working during the testing. 

 

7.4 Field Study Mine D 

 

Mine D was the fourth mine to undertake the field study with the data being collected 

by the author. Pump and head placement along with data collection was as per the 

collection process detailed in Chapter 6. Filter preparation for this testing was 

performed as detailed in section 6.3. This raw data was analysed utilising the Dust 

Mitigation Efficiency formula detailed in section 6.3.7. 

7.4.1 Operational Parameters of Mine D 

 

Table 7.8 details the operating parameters of Mine D. 

 

Table 7.8  Mine D Operating Parameters 
 Mine D 

State/Coalfield  Queensland/Northern 

Seam/Working thickness, metres (m)  

Goonyella Middle/ 3.8-4.5m 

Coal Type Coking 

Depth of cover, metres (m)  110-320m 

Marketable reserves, proved and probable, million 

tonnes (Mt)  132Mt 

Longwall operations (weekly)  2 x 12hr shifts, 

  5 days; 9 unit shifts 

  

Other operations (weekly)  2 x 12hr shifts, 

  5 days; 18 unit shifts 

  

Raw coal output 2011, tonnes    

Longwall face, tonnes  3,172,100 

Other, tonnes  161,400 

Total, tonnes  3,333,500 
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Forecast total raw coal output 2012, tonnes  5,500,000 

Longwall face raw coal output 2010-11, tonnes  4,963,364 

Total mine raw coal output 2010-11, tonnes  5,175,495 

Commenced longwall mining  Feb-99 

Longwall block dimensions 2011    

Width, metres (m)  300m 

Length, metres (m)  2500m 

Shearer manufacturer  Joy 

Type  6LS - 5, DERDS, 2 x 7LS - 6, DERDS 

Drum diameter, metres (m)  M/G 2.5m, T/G 2.5m 

Cutting height, metres (m)/ Method/ Web depth, 

millimetres (mm)  4.1-4.5m, Uni-di, 850mm 

Install power, kilowatts (kW)  1580kW 

Roof support manufacturer  Joy 

Type/Number of supports  2-leg chock chock, 25, 149, 2-leg chock 

chock, 151 

Yield load, tonnes (t) Working range, metres (m) 

Control  

1200t, 980t, 3m-4.8m, RS20, 1750t, 2.4m-

5m, RS20-S 

Face conveyor manufacturer  Joy 

Width, millimetres (mm) Chain size, millimetres (mm)  1100mm / 2050mm, 48mm twin-in-board 

/48mm twin-in-board 

Chain speed metres per second (m/s) Manufacturer  1.67m/s, Parsons 

Motors, kilowatts (kW)  3 x 800kW, 3 x 1000kW 

Beam stage loader manufacturer killowatts (kW)  Joy, 400kW 

Coal crusher manufacturer, killowatts (kW)  Joy (high impact), 400kW 

Coal clearance (to surface) type, Capacity, tonnes per 

hour (tph)  Conveyor 5500tph 

Ventilation on Longwall 65m3/sec 

 

7.4.2 Pump and Head Location Mine D 

 

Figure 7.53 shows pump and head placement for data collection at Mine D. 

 

 

 

Figure 7.53  Mine D Pump and Head Location 
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7.4.2.1 Pump and Head Location in Last Open Cut-through 

 

The monitors and gravimetric heads were placed in the last open cut-through before 

the ventilation enters the longwall to measure dust entering the longwall from outbye 

travel roads.  

 

7.4.2.2 Pump and Head Location in Belt Road 

 

The monitors and gravimetric heads were placed in the belt road to measure fugitive 

dust entering the longwall from the conveyor belt.  

 

7.4.2.3 Pump and Head Location at BSL Discharge 

 

Sampling monitors and heads were placed inbye from the BSL discharge to the 

outbye belt and hung from installed mesh.  

 

The heads were changed after the first sampling period of two shears had been 

completed.   

7.4.2.4 Pump and Head Location for Crusher 

 

Pumps and heads were placed on chock #2 to sample crusher generated dust that may 

escape from the crusher mouth into the intake ventilation at the maingate. The pumps 

and heads were mounted on hosing the control box.  

 

7.4.2.5 Pump and Head Location for Total Dust 

 

Sampling the total dust loads produced was obtained by placing monitors on the 

tailgate chock, or chock 139. These monitors will sample the full dust loads generated 

from all sources on the longwall.  
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7.4.3 Mine D Installed Engineering Controls 

 

Table 7.9 details the installed engineering controls on Mine D longwall. 

 

Table 7.9  Mine D Installed Engineering Controls 
BSL discharge  

Number of sprays in BSL discharge 3 

Type: Solid, Hollow cone, Flat, V V-Spray 

Spray Diameter 4mm 

Water Pressure 1200kPa 

Water Flow 45lpm 

BSL Sprays  

Number of sprays 3 

Type: Solid, Hollow cone, Flat, V V-Spray 

Spray Diameter 4mm 

Water Pressure 1200kPa 

Water Flow 45lpm 

BSL crusher  

Number of sprays 9 

Type: Solid, Hollow cone, Flat, V V-Spray 

Spray Diameter 4mm 

Water Pressure 1200kPa 

Water Flow 45lpm 

Shearer  

Number of sprays 48 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 1.5mm 

Water Pressure NA 

Water Flow 90lpm 

Types of Picks NA 

Shearer Clearer  

Number of sprays 6 

Type: Solid, Hollow cone, Flat, V Solid Cone 

Spray Diameter 3mm 

Water Pressure 20Bar 

Water Flow 25lpm 

Chock Sprays  

Number of sprays 2 per chock 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 2mm 

Water Pressure NA 
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Water Flow NA 

Other Dust Controls Used? None 

Shearer drum speed 31rpm 

Shearer Speed 10m/min 

Av. Shears per Shift 4 

Av. Tonnes per Shear 1250 

 

7.4.3.1 Installed Controls in the BSL Discharge 

 

The BSL discharge has the traditional FRAS rubber skirting arrangement between the 

bottom of the discharge for the coal discharge onto the outbye belt. Inside the 

discharge hood is three 6mm solid cone sprays. 

7.4.3.2 Installed Controls in the Crusher and BSL  

 

The Mine D crusher and BSL are fully enclosed, have conveyor belting at the crusher 

intake, two strips before the crusher and skirts on the BSL discharge to the outbye 

belt. 

7.4.3.3 BSL Scrubber 

 

Mine D has an electric drive dust extractor fitted to the BSL drawing from the crusher 

and the discharge.  

7.4.3.4 Shearer Dust Controls 

 

Drum mounted water sprays are the first point dust suppression process on the shearer 

cutting drum. The sprays are pointed directly at the pick point of coal fracture and add 

moisture to minimize dust liberation. Optimum pressure to the sprays is usually 20-30 

Bar, the sprays are full cone spray pattern and there are 84 sprays on the drum.  

 

Figure 7.54 shows the location of the spray behind the pick and Figure 7.55 shows the 

spray insert used. 
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Figure 7.54  Mine D Installed Drum Sprays behind Pick 

 

 
Figure 7.55  Mine D Drum Spray Insert 
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7.4.3.5 Other Dust Controls 

 

Mine D has 2 chock sprays installed on every chock that are sequenced to come on as 

the shearer passes. They are positioned so as to stop face dust from rolling out into the 

walkway. The sprays are a hollow cone spray, 1.2mm orifice, use 100 lpm of water at 

60 Bar of pressure. These were not operating whilst testing was being performed. 

7.5 Field Study Mine E 

 

Mine E was the fifth mine to undertake the field study with the data being collected 

by the author. Multiple samples were taken at Mine E. Pump and head placement 

along with data collection was as per the collection process detailed in Chapter 6. 

Filter preparation for this testing was performed as detailed in section 6.3. This raw 

data was analysed utilising the Dust Mitigation Efficiency formula detailed in section 

6.3.7. 

7.5.1 Operational Parameters of Mine E 

 

Table 7.10 details the operating parameters of Mine E. 

 

Table 7.10  Mine E Operating Parameters 
 Mine E 

State/Coalfield  New South Wales 

Newcastle 

Seam/Working thickness, metres (m)  Greta 5-6.5m 

2.9m Shearer Extraction 

Top Coal Caving Remaining Seam 
Section 

Coal Type Coking 

Depth of cover, metres (m)  530m 

Marketable reserves, proved and probable, million 

tonnes (Mt)  34.2Mt 

Longwall operations (weekly)  3 x 10hr, Mon-Thurs  

10 production shifts, 2 x Maint shifts 

Other operations (weekly)  3 x 10hr, Mon-Thurs 2 x 12hr Fri-Sun  

 16 Production Shifts + 2 x Maint shifts 

  

Raw coal output 2011, tonnes   

Longwall face, tonnes                                                                                    

1,658,800  

Other, tonnes                                                                                       

239,400  
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Total, tonnes                                                                                    

1,898,200  

Forecast total raw coal output 2012, tonnes                                                                                    

1,707,000  

Longwall face raw coal output 2010-11, tonnes                                                                                    

1,621,000  

Total mine raw coal output 2010-11, tonnes                                                                                    

1,847,000  

Commenced longwall mining   LTCC September 2006  

Longwall block dimensions 2011   

Width, metres (m)   227m  

Length, metres (m)   962m  

Shearer manufacturer   Bucyrus  

Type   Electra EL 2000 DERDS  

Drum diameter, metres (m)   M/G 2.2m, T/G 2.2m  

Cutting height, metres (m)/ Method/ Web depth, 

millimetres (mm)  

 2.9m  

Bi-di  

1000mm  

Install power, kilowatts (kW)   1494kW  

Roof support manufacturer   Bucyrus  

Type/Number of supports   LTCC 2-leg chock  

131  

Yield load, tonnes (t) Working range, metres (m) 

Control  

 1040t  

1.9-3.5m  

Bucyrus PMC-R  

Face conveyor manufacturer   Bucyrus  

Width, millimetres (mm) Chain size, millimetres (mm)   Face PF6 1142mm 

Rear PF5 1142mm  

Chain speed metres per second (m/s) Manufacturer   42mm twin-in-board  

THIELE  

Motors, kilowatts (kW)   Face AFC & Rear AFC 2 x 540kW  

Beam stage loader manufacturer killowatts (kW)   Bucyrus  

400kW  

Coal crusher manufacturer, killowatts (kW)   Bucyrus  

400kW  

Coal clearance (to surface) type, Capacity, tonnes per 

hour (tph)  

 Conveyor  

1000tph  

Ventilation on Longwall  35m3/sec  

 

7.5.2 Pump and Head Location Mine E 

 

Monitors and heads were placed on each independent source of dust generation, 

namely the last open cut-through, the belt road, inbye of the BSL discharge, chock #5 

and the tailgate. In each location, two monitors and two heads were place to sample 

both respirable and inhalable dust loads. Figure 7.56 shows the location of pumps and 

heads for the testing. 
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Figure 7.56  Mine E Pump and Head Location 

 

7.5.2.1 Pump and Head Location in Last Open Cut-through 

 

The monitors and gravimetric heads were placed in the last open cut-through before 

the ventilation enters the longwall to measure dust entering the longwall from outbye 

travel roads. Figure 7.57 denotes the positioning of pumps and heads in the last open 

cut-through. 
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Figure 7.57  Mine E Pump and Head Location in LOC 

 

7.5.2.2 Pump and Head Location in Belt Road 

 

The monitors and gravimetric heads were placed in the belt road to measure fugitive 

dust entering the longwall from the conveyor belt. Figure 7.58 shows the positioning 

of pumps and heads in the belt road. 
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Figure 7.58  Mine E Pump and Head Location in the Belt Road 

 

7.5.2.3 Pump and Head Location at BSL Discharge 

 

Sampling monitors and heads were placed inbye from the BSL discharge to the 

outbye belt and hung from maingate travelling chock.  

 

The heads were changed after the first sampling period of two shears had been 

completed. Figure 7.59 shows BSL discharge pump and head placement for sampling. 
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Figure 7.59  Mine E Pump and Head Location for BSL Discharge 

 

7.5.2.4 Pump and Head Location for Crusher Dust 

 

Pumps and heads were placed on chock #2 to sample crusher generated dust that may 

escape from the crusher mouth into the intake ventilation at the maingate. The pumps 

and heads were mounted on hosing on the control box. Figure 7.60 shows pump and 

head positioning on chock #2 to sample fugitive crusher dust. 
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Figure 7.60  Mine E Pump and Head Location for Crusher Dust on Chock 

 

7.5.2.5 Pump and Head Location for Total Dust 

 

Sampling the total dust loads produced was obtained by placing monitors on the 

tailgate chock, or chock 131. These monitors will sample the full dust loads generated 

from all sources on the longwall. Figure 7.61 shows the location of the pumps and 

heads to sample total face dust. 
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Figure 7.61  Mine E Pump and Head Location in the Tailgate 

7.5.3 Mine E Installed Engineering Controls 

 

Table 7.11 details the installed engineering controls on Mine E longwall. 

 

Table 7.11  Mine E Installed Engineering Controls 
BSL discharge  

Number of sprays in BSL discharge 2 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 2mm 

Water Pressure 20Bar 

Water Flow NA 

BSL Sprays  

Number of sprays 3 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 2mm 

Water Pressure 20Bar 

Water Flow NA 

BSL crusher  

Number of sprays 9 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Pumps and 

heads placed 

here 
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Spray Diameter 6mm 

Water Pressure 20Bar 

Sprays on Crusher Intake 3 x hollow cone, 2mm, 20 Bar over 

chain 

Shearer  

Number of sprays 64 

Type: Solid, Hollow cone, Flat, V Solid Cone 

Spray Diameter 1.2mm 

Water Pressure 65Bar 

Water Flow 475lpm 

Types of Picks Radial 

Shearer Clearer None 

Chock Sprays  

Number of sprays 2 per chock 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 1.2mm 

Water Pressure 60Bar 

Water Flow 100lpm 

Other Dust Controls Used? Sprays on crusher intake 

Shearer drum speed 30rpm 

Shearer Speed 5-8m/minute 

Av. Shears per Shift 6 

Av. Tonnes per Shear 1200 

 

7.5.3.1 Installed Controls in the BSL Discharge 

 

The BSL discharge has the traditional FRAS rubber skirting arrangement between the 

bottoms of the discharge for the coal discharge onto the outbye belt. Inside the 

discharge hood is two 6mm hollow cone sprays. 

 

Figure 7.62 shows the FRAS rubber skirting from the BSL discharge to the outbye 

belt and Figure 7.63 shows the hollow cone sprays located inside the discharge hood. 
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Figure 7.62  Mine E BSL Discharge Skirting 

 

 
Figure 7.63  Mine E Hollow Cone Sprays inside Discharge Hood 

 

FRAS Rubber Skirting 

Hollow Cone Sprays 



CHAPTER SEVEN 

Field Trials In Australian Longwalls

 

199 

 

 

7.5.3.2 Installed Controls in the Crusher and BSL  

 

The Mine E crusher and BSL are fully enclosed but utilise a spray system to control 

dust generated from the crusher and from the front and rear conveyors. Sprays 

installed are a combination of hollow cone sprays and flat sprays designed to 

encapsulate and knockdown the dust. Figure 7.64 shows the spray location on the 

entry to the crusher from the front conveyor. 

 

 
Figure 7.64  Mine E Crusher Intake Sprays 

 

Mine E has also installed a hollow cone spray arrangement on the transfer from the 

rear AFC to the crusher intake.  Figure 7.65 shows the spray arrangement on the 

transfer from the rear AFC to the BSL chain. 
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Figure 7.65  Mine E Sprays on Rear AFC 

 

7.5.3.3 Rear AFC Sprays 

 

Mine E has sprays installed on the rear AFC to mitigate dust entering the walkway 

during caving. The installed sprays are a solid cone spray with a 2mm orifice. The 

sprays are located at the rear of each chock, 2 per chock. Sprays are activated when 

the rear canopy is operated for caving. Figure 7.66 shows the rear caving spray 

location on the chocks and the adjacent spray operating during caving. 
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Figure 7.66 Mine E Rear Caving Sprays 

 

7.5.3.4 Shearer Dust Controls 

 

Drum mounted water sprays are the first point dust suppression process on the shearer 

cutting drum. The sprays are pointed directly at the pick point of coal fracture and add 

moisture to minimize dust liberation. Optimum pressure to the sprays is usually 20-30 

Bar, the sprays are full cone spray pattern and there are 84 sprays on the drum.  

 

Figure 7.67 shows the location of the spray behind the pick. 
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Figure 7.67  Mine E Installed Drum Sprays and Pick 

 

7.5.3.5 Other Dust Controls 

 

Mine E has 2 chock sprays installed on every chock that are sequenced to come on as 

the shearer passes. They are positioned so as to stop face dust from rolling out into the 

walkway. The sprays are a hollow cone spray, 1.2mm orifice, use 100 lpm of water at 

60 Bar of pressure. Figure 7.68 shows the installed chock sprays operating. 

 

Mine E has also installed sprays at the side of each canopy to control dust generated 

during chock movement. These sprays are sequenced to activate when the chock 

depressurises. Figure 7.69 shows positioning of sprays on the sides of each chock to 

mitigate dust generated during chock movement. 

 

 

 

 

 

Drum sprays 

Picks 



CHAPTER SEVEN 

Field Trials In Australian Longwalls

 

203 

 

 

 
Figure 7.68  Mine E Installed Chock Sprays 

 

 
Figure 7.69  Mine E Side Chock Sprays 

Canopy sprays on 

front of chocks 

Side sprays on rear 

of chocks 
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7.6 Summary 

 

Engineering controls installed for respirable and inhalable dust mitigation on 

longwalls involved in this thesis were all installed by the OEM supplier of the 

longwall. Discussions with management, maintenance personnel and operators at each 

of these longwall  mines indicate that the engineering controls are installed with little 

or no scientific explanation or basis from the OEM or involvement from the mine 

themselves. Collected data indicates that all OEM’s supply a similar configuration 

with regard to spray types and spray placement in the BSL discharge, the crusher, the 

maingate, on the shearer and on the chocks. Sprays have a similar orifice size, similar 

pressure and flow feeds and similar positioning. 

 

Changes, variations and additions to the standard OEM supply were installed by the 

mine maintenance personnel. These changes, variations or additions were undertaken 

based on the experience of the mine in dust mitigation and not on scientific grounds. 

Discussions relating to implemented changes indicate that the changes were based on 

subjective evaluations of mitigation performance and were not quantified. 
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8. CHAPTER EIGHT - DATA ANALYSIS AND 

DISCUSSION 

8.1 Introduction 

 

A total of 360 samples were taken for data analysis to quantify the robustness of the 

new testing methodology. Of these, 190 were respirable fraction samples and the 

remaining 170 were inhalable size fractions. Tests 1 and 2 utilised the greatest amount 

of both respirable and inhalable samples collected with fewer pumps and heads used 

for data collection as testing progressed. The reason for this is that it was found that 

the tailgate dust collected represented the total respirable and inhalable dust produced 

on the longwall and was the most reliable indicator of control efficiency without the 

need for further data collection on the chocks. The outbye pumps and heads provided 

accurate data on installed control efficiencies, and coupled with the maingate data, all 

provided an accurate signature of the tested longwall. Table 8.1 details the number of 

respirable and inhalable samples collected at each of the mines tested. 

 

Table 8.1  Respirable and Inhalable Data Collected 

 
 

The results analysed in this chapter will be in the same order as detailed above. 

 

Test # Mine Respirable Samples Inhalable Samples

Test 1 Mine A 26 22

Test 2 Mine B 20 20

Test 3 Mine C 16 0

Test 4 Mine C 12 12

Test 5 Mine C 12 12

Test 6 Mine B 12 12

Test 7 Mine B 8 8

Test 8 Mine D 12 12

Test 9 Mine D 12 12

Test 10 Mine B 8 8

Test 11 Mine B 12 12

Test 12 Mine E 10 10

Test 13 Mine C 10 10

Test 14 Mine C 10 10

Test 15 Mine E 10 10

Sub Total 190 170

Total 360
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8.2 Results Mine A Test 1 

 

Mine A was the first mine sampled using the DME Model. Only 1 set of samples 

were taken at this mine and these were collected by Coal Services under the direction 

of the author. Coal Services also prepared the filters as per AS2985 with post 

weighing being performed under this guideline as well. Analysis and calculations 

were performed by the author as described in 6.3.7. 

 

8.2.1 Respirable and Inhalable Dust Raw Data 

 

Table 8.2 details the results obtained by Coal Services for collection of the respirable 

and inhalable samples. Appendix 8 shows the results as supplied by Coal Services. 

These results were entered into the DME formula, with the results discussed in detail 

in this chapter. 

 

Table 8.2  Mine A Respirable And Inhalable Dust Raw Data 

 

 

Respirable Dust Controls Off mg/tonne Controls On mg/tonne

LOC 0.179 0.127

Belt Rd 0.225 0.142

BSL 0.328 0.219

Chock #1 0.4 0.249

Chock #5 0.496 0.451

Chock #25 1.592 0.704

Chock #45 1.89 1.041

Chock # 65 2.035 1.085

Chock # 85 3.184 1.192

Chock # 105 2.285 1.152

TG 1.238 1.787

Shearer Operator M/G 0.745 0.542

Shearer Operator T/G 0.923 0.557

Inhalable Dust Controls Off mg/tonne Controls On mg/tonne

LOC 0.601 1.005

Belt Rd 1.19 0.822

BSL 1.005 6.535

Chock #1 49.107 5.386

Chock #5 117.908 2.567

Chock #25 9.878 9.736

Chock #45 18.594 5.089

Chock # 65 14.583 19.775

Chock # 85 11.364 7.315

Chock # 105 8.825 0

TG 25.208 31.557

Shearer Operator M/G

Shearer Operator T/G
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8.2.2 Respirable Dust Analysis 

Figure 8.1 summarises the collected data at Mine A for respirable dust with controls 

off and on. 

 

 
Figure 8.1  Mine A Respirable Dust Production Controls Off and On 

 

8.2.3 Respirable DME Discussion 

 

Figure 8.2 summarises the respirable DME at each independent source of dust 

generation tested at Mine A. 

 

The results for the last open cut-through indicate that there was a decrease in 

respirable dust levels of 29% with the belt road showing a 37% decrease. The BSL  

results show a decrease of 3% of respirable dust levels with installed controls 

operating and at the maingate chock, or chock #1, respirable levels decreased by 38%.  

Chock #5 showed a respirable dust level decrease of 9% with controls operating.  

Chock # 5 respirable levels have remained high as this is the point on the face where 

crusher dust is forced along the face due to the maingate corner sprays and maingate 

wing forcing the ventilation further along the face. Chock # 25 showed a 56% 

decrease in respirable dust with controls on and at chock # 45, respirable levels was 

decreased by 45%. Results at chock # 65 indicate a 47% decrease in dust loads with  
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controls on. Chock # 85 sees a decrease in respirable dust of 63% with controls on 

and Chock # 105 showed a decrease in respirable dust of 50%. 

 

Finally, the tailgate tests have shown to be the most interesting with an actual 

increase in respirable dust loads. The respirable fraction increased 44% with the 

controls on. 

 

 
Figure 8.2  Mine A Respirable DME 

 

8.2.4 Inhalable Dust Analysis 

 

Figure 8.3 summarises the collected data at Mine A for inhalable dust with controls 

off and on. 
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Figure 8.3  Mine A Inhalable Dust Production 

 

8.2.5 Inhalable DME Discussion 

 

Figure 8.4 summarises the inhalable DME at each independent source of dust 

generation tested at Mine A. 

 

The LOC showed an increase in inhalable dust levels of 67%. This increase in 

inhalable dust loads may be the result of increased outbye activity on the travel road. 

The belt road inhalable test results indicate a 31% decrease in dust levels. However, 

inhalable results at the BSL discharge show a significant increase in dust levels by 

550%. This result will need to be retested as the increase is unexplainable to this 

level. Chock #1 showed an Inhalable level decrease by 89% with controls on and 

Chock #5 experienced a 98% decrease in inhalable dust loads with controls operating. 

Chock #25 showed a marginal decrease in inhalable dust of 1% with controls on. 

Inhalable dust at Chock #45 decreased by 73% with controls on. This number seems 

exceptionally high when compared to the samples collected on chock # 65 which 

showed an increase in inhalable dust loads of 36% with controls on. Chock #85 also 

sees a decrease of 36% with controls on, whilst the inhalable sample at Chock #105  
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was invalid as the sample was dropped in water. Inhalable fractions increased 25% 

with controls on. 

 
Figure 8.4  Mine A Inhalable DME 

 

8.2.6 Respirable and Inhalable Average DME 

 

Figure 8.5 summarises the average respirable and inhalable DME. 

 

 
Figure 8.5  Mine A Average Respirable and Inhalable DME 
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8.2.7 Average DME Discussion 

 

The testing has shown that the current installed controls have an average efficiency of 

31% for the decrease of respirable dust from the atmosphere whilst a 35% increase in 

the average inhalable dust into the atmosphere was measured. 

 

8.2.8 Summary 

 

Mine A has seen an average decrease in the amount of respirable dust of 31% when 

installed engineering controls are operating. This indicates that installed engineering 

controls selection and location in and around the identified sources of dust generation 

are working effectively to reduce the exposure levels of employees to harmful 

particles of less than 10m in size. Correspondingly, greater than 10m particles 

which represent the inhalable fraction have significantly increased by 35% with 

installed controls operating at the same identified sources of dust generation. This 

would indicate that although the controls are effective for removing the smaller dust 

particles from the atmosphere, they are also responsible for increasing the inhalable 

size dust fraction into the atmosphere. 

 

For Mine A, it is suggested that smaller orifice sprays be utilised with a lower flow 

and higher pressure to promote greater agglomeration of the inhalable size fractions. 

Further testing to quantify the results will need to be obtained. 

8.3 Results Mine B Test 2 

 

Mine B was the second mine sampled using the new testing methodology. Only 1 set 

of samples were taken and these were collected by Coal Services under the direction 

of the author. Coal Services also prepared the filters as per AS2985 with post 

weighing being performed under this guideline as well. Analysis and calculations 

were performed by the author as described in 6.3.7. 
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8.3.1 Respirable and Inhalable Dust Results from Coal Services 

 

Samplers were set up in pairs (Respirable and Inhalable) to measure the potential 

airborne dust in both fractions, during particular cutting operations. The location of 

samplers were at the first cut-through O/B of the face line, the Pantech Sled, 5 metres 

O/B crusher motor, # 2 Chock, #20 Chock, #40 Chock, # 60 Chock, #80 Chock, #94 

Chock and the on the shearer operator. 

 

Ventilation readings were taken at most static sampling locations. The first trial was 

undertaken with all water facilities operating and for a complete shear. 

 

The second trial was undertaken with only the High pressure water pump sprays 

dedicated to the shearer drums – this is required as part of the frictional ignition 

management plan. 

 

Tables 8.3 and 8.4 are a summary of results supplied by Coal Services. Trial 1 result 

with & without water - 750 tonnes produced with water on; Trial 2, 600 tonnes 

produce with water off. 

 

Table 8.3  Mine B Respirable Results Coal Services  

RESPIRABLE DUST RESULTS – all pumps were set to run at 2.2 litres per minute 

Position of sampler With Water 
(Mg) (A) 

Without 
Water(Mg)(B) 

Difference (Mg)  
(B-A) 

Ventilation 
(m3/s) 

Shearer Driver 0.251 0.432 0.181 N/A 

# 94 Chock Void * 0.746  N/A 

# 80 Chock 0.602 0.760 0.158 26.7 m3/s 

# 60 Chock 0.557 0.392 0.165 24.7 m3/s 

# 40 Chock 0.464 0.652 0.188 23 m3/s 

# 20 Chock 0.222 0.325 0.103 23 m3/s 

# 2 Chock 0.111 0.152 0.041 #6 Chock –  
25 m3/s 

5 metres O/B 
crusher motor 

0.099 0.109 0.010 N/A 

Pantech Sled O/B 
Bootend 

1.048 0.109 0.939 N/A 

10 metre A5 – B5 
(C/T) 

0.058 0.060 0.002 20.0 m3/s 

* Cyclone heavily influenced by water – chock washed down during sample 
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# Ventilation reading taken at M/G Chock to determine quantity entering goaf – 3 
m3/s. 

 

Table 8.4  Mine B Inhalable Results Coal Services  

INHALABLE DUST RESULTS – all pumps were set to run at 2.0 litres per minute 

Position of sampler With Water 
(Mg) (A) 

Without 
Water(Mg)(B) 

Difference (Mg)  
(B-A) 

Ventilation 
(m3/s) 

Shearer Driver 2.528 2.469 0.059 N/A 

# 94 Chock 4.179 3.944 0.235 N/A 

# 80 Chock 3.933 3.100 0.833 26.7 m3/s 

# 60 Chock 2.080 2.300 0.220 24.7 m3/s 

# 40 Chock 6.113 2.097 4.016 23 m3/s 

# 20 Chock 2.126 1.657 0.103 23 m3/s 

# 2 Chock 0.250 0.353 0.103 #6 Chock –  
25 m3/s 

5 metres O/B 
crusher motor 

0.260 Void **  N/A 

Pantech Sled O/B 
Bootend 

0.168 0.393 0.225 N/A 

10 A5 – B5 (C/T) 0.153 0.260 0.107 20.0 m3/s 

** Sampler dropped in water during recovery  

 

RAW DATA RESULTS. 

 

Respirable dust loadings showed an increase with water turned off in 6 of the 10 

sampling locations, with 1 result voided due to large ingress of water on sampling 

medium. Inhalable dust loadings showed an increase with water turned off in  5 of the 

10 sampling locations, with 1 result voided as samplers was dropped in a water hole. 

 

Report by Peter Adlington from Coal Services 

 

8.3.2 Respirable and Inhalable Dust Raw Data 

 

Table 8.5 summarises the raw data collected by Coal Services. 
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Table 8.5  Mine B, Test 2 Respirable and Inhalable Dust Raw Data  

  
 

8.3.3 Respirable Dust Analysis 

 

Figure 8.6 summarises the respirable data collected for Mine B. Figure 8.7 

summarises the respirable DME for Mine B. 

 

 

 

 

 

 

 

 

 

 

 

 

Respirable Dust Controls Off mg/tonne Controls On mg/tonne

10 metre A5 – B5 (C/T) 0.06 0.058

Pantech Sled O/B Bootend 0.109 1.048

5 metres O/B crusher motor 0.109 0.099

# 2 Chock 0.152 0.111

# 20 Chock 0.325 0.222

# 40 Chock 0.652 0.464

# 60 Chock 0.392 0.557

# 80 Chock 0.76 0.602

# 94 Chock 0.746 Void *

Shearer Driver 0.432 0.251

Average 0.3737 0.379

Inhalable Dust Controls Off mg/tonne Controls On mg/tonne

10 metre A5 – B5 (C/T) 0.26 0.153

Pantech Sled O/B Bootend 0.393 0.168

5 metres O/B crusher motor Void ** 0.26

# 2 Chock 0.353 0.25

# 20 Chock 1.657 2.126

# 40 Chock 2.097 6.113

# 60 Chock 2.3 2.08

# 80 Chock 3.1 3.933

# 94 Chock 3.944 4.179

Shearer Driver 2.469 2.528

Average 1.84 2.179
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Figure 8.6  Mine B, Test 2 Respirable Dust Production  

 

 
Figure 8.7  Mine B, Test 2 Respirable DME  

 

8.3.4 Respirable DME Discussion 

 

The last open cut-through showed a respirable dust decrease of 23% with installed 

engineering controls operating whilst the belt road needs to be retested as the sample  
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collected by Coal Services was excessively high indicating either an incorrect reading 

or contamination. Inbye of the BSL discharge showed a decrease of 27% for 

respirable dust while the respirable readings along the face showed a decrease of 

between 37 and 45% with the exception of chock 60 which showed an increase of 

14%. This could be attributed to chock movement. 

8.3.5 Inhalable Dust Analysis 

 

Figure 8.8 summarises the inhalable data collected for Mine B. Figure 8.9 summarises 

the inhalable DME for Mine B. 

 

 
Figure 8.8  Mine B, Test 2 Inhalable Dust Production  
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Figure 8.9  Mine B, Test 2 Inhalable DME  

 

8.3.6 Inhalable DME Discussion 

 

The LOC showed a decrease in inhalable dust of 53%. This indicates that the 

ventilation, as the only form of mitigation, is performing as required. The belt road 

showed a decrease of 66% for inhalable dust, and the BSL discharge returned a void 

sample for inhalable dust fractions. This needs to be retested. The inhalable fractions 

were less effective with decreases of 15% at chock 94 and 43% at chock 2 whilst 

increases at chocks 20, 40 and 80 with a 3%, 133% and 1% increase respectively 

were experienced. 

8.3.7 Average DME Discussion 

 

The testing has shown that the current installed engineering controls have an average 

Dust Mitigation Efficiency (DME) of 19% for the removal of respirable dust and 5% 

for the removal of inhalable dust from the atmosphere. 

8.3.8 DME Conclusion 

 

From this testing, a benchmark in mg/tonne produced has been established for both 

respirable and inhalable dust. Average respirable dust mitigation of 19% indicates that 

the installed controls are performing adequately. Further analysis of alternative 

products will be required to mitigate further dust. However, the installed controls only 

remove 5% of the inhalable fraction which indicates that significant product analysis  
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is required to increase mitigation efficiencies. This will be achieved by further 

comprehensive testing of dust mitigation products to determine required efficiencies. 

8.4 Results Mine C Test 3 

 

Mine C was the third mine tested and was the first mine to be tested using equipment 

purchased by the University of Wollongong. The equipment used is detailed in 

chapter 6, section 6.4.1. Respirable dust loads were taken; however, inhalable samples 

were not taken as approval for the SKC pumps was given under the mines unapproved 

electrical apparatus scheme, but the Dupont pumps MDA approval was not provided, 

so approval was not issued for underground use. Further samples were taken at Mine 

C which included inhalable samples and these are discussed later in this chapter. 

8.4.1 Respirable Dust Raw Data 

 

Table 8.6 summarises the raw data collected for respirable dust production analysis at 

Mine C. 

 

Table 8.6  Mine C, Test 3 Respirable Dust Raw Data 

 

Sample ID Initial Weight Final Weight Net weight

AWRD1 LOC 5.18 5.26 0.08

AWRD2 Belt Road 4.86 4.93 0.07

AWRD3 Inbye Discharge 5.89 5.92 0.03

AWRD4 Maingate 6.31 6.34 0.03

AWRD5 Mid Face On 5.12 5.99 0.87

AWRD6 Tailgate On 5.94 7.16 1.22

AWRD7 Shearer Driver On 5.46 6.27 0.81

AWRD8 Shadow 5.43 6.09 0.66

2AWRD1 LOC 5.82 5.86 0.04

2AWRD2 Belt Road 4.85 4.91 0.06

2AWRD3 Inbye Discharge 5.32 5.37 0.05

2AWRD4 Maingate 5.92 6.04 0.12

2AWRD5 Mid Face Off 4.65 5.55 0.9

2AWRD6 Tailgate Off 6.05 7.34 1.29

2AWRD7 Shearer Driver Off 5.32 5.87 0.55

2AWRD8 Shadow 5.46 6.10 0.64
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8.4.2 Respirable Dust Analysis 

 

Figure 8.10 summarises the respirable data collected for Mine C. Figure 8.11 

summarises the respirable DME for Mine C. 

 

 

Figure 8.10  Mine C, Test 3 Respirable Dust Production 

 

 
Figure 8.11  Mine C, Test 3 Respirable DME 
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8.4.3 Respirable DME Discussion 

 

The testing has shown that the current installed engineering controls decrease the 

amount of respirable dust in the atmosphere by an average of 6%. The last open cut-

through showed a respirable dust decrease of 50% with installed engineering controls 

operating.  This indicates that the ventilation, as the only form of dust mitigation, is 

performing as required. The belt road showed a decrease of 14% for respirable dust. 

Inbye of the BSL discharge showed an increase of 67% for respirable dust, whilst the 

maingate showed a decrease in respirable dust of 5%. Midface and the tailgate 

showed an increase in respirable dust loads of 3% and 6% respectively, whilst the 

shearer driver showed a 32% decrease in respirable dust loads and the author, who 

was shadowing the shearer operator approximately 2m further outbye, showed a 

decrease in respirable dust loads of 3%. 

8.4.4 DME Conclusion 

 

The increase in the amount of respirable dust produced when installed engineering 

controls are turned on indicates that the type, position, pressure or flow of the 

discharge hood sprays need attention. Shearer operator positioning reduces the 

amount of potential harmful dust exposure to the operator significantly. Increases in 

midface and at the tailgate can be attributed to chock movement. 

8.5 Results Mine C Test 4 

 

Mine C was also the fourth mine tested and this was effectively a re-test of Test 3 to 

include inhalable samples. This test was performed exactly the same as Test 3 with 

pump and monitor placement mirroring Test 3, with the exclusion of the shearer 

driver and this author shadowing the shearer driver. The reason for this is that the 

shearer driver would resist wearing two sets of pumps and heads for respirable and 

inhalable sampling. 
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8.5.1 Respirable and Inhalable Dust Raw Data 

 

Table 8.7 summarises the raw data collected for respirable and inhalable dust 

production analysis at Mine C. 

 

Table 8.7  Mine C, Test 4 Respirable And Inhalable Raw Data 

 

8.5.2 Respirable Dust Analysis 

 

Figure 8.12 summarises the respirable data collected for Mine C. Figure 8.13 

summarises the respirable DME for Mine C. 

 

 

 

 

 

 

 

 

 

 

Respirable Dust - Controls Off Respirable Dust - Controls On

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 7.08 7.18 0.1000 LOC 6.94 7.00 0.0591

Belt Road 7.62 7.80 0.1817 Belt Road 7.19 7.70 0.5076

BSL Discharge 7.54 7.72 0.1817 BSL Discharge 7.86 7.96 0.0957

Maingate 6.98 7.63 0.6533 Maingate 7.91 8.04 0.1272

Midface 7.97 9.24 1.2667 Midface 7.45 8.10 0.6524

Tailgate 6.54 7.78 1.2433 Tailgate 7.54 8.50 0.9563

Inhalable Dust - Controls Off Inhalable Dust - Controls On

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 7.64 8.15 0.5128 LOC 7.43 7.82 0.3943

Belt Road 7.55 7.90 0.3538 Belt Road 7.09 7.60 0.5133

BSL Discharge 8.09 8.62 0.5333 BSL Discharge 6.99 7.57 0.5763

Maingate 6.99 7.92 0.9282 Maingate 7.85 8.95 1.0984

Midface 6.78 8.05 1.2718 Midface 7.25 9.64 2.3899

Tailgate 7.01 11.92 4.9077 Tailgate 7.77 13.15 5.3769

Tonnes 1100
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Figure 8.12  Mine C, Test 4 Respirable Dust Production 

 

 

Figure 8.13  Mine C, Test 4 Respirable DME 
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8.5.3 Respirable Dust Discussion 

 

The last open cut-through showed a respirable dust decrease of 41% with installed 

engineering controls operating.  This indicates that the ventilation, as the only form of 

dust mitigation, is performing as required and is a similar reading to the Test 3. 

However, the belt road showed an increase of 179% for respirable dust. This is a huge 

increase in respirable dust loads and would indicate that a significant change or 

activity was present during test 2 at Mine C, considering the respirable DME in Test 3 

at this location showed a decrease in respirable dust production of 14%.  Inbye of the 

BSL discharge showed a decrease of 47% for respirable dust, which is again a 

significant reduction in respirable dust production from Test 3 which showed a 67% 

increase. The maingate showed a decrease in respirable dust of 81%, which is a 

significant improvement on the 5% decrease measured in Test 3. Midface and the 

tailgate showed a decrease in respirable dust loads of 48% and 23% respectively, 

compared to a 3% and 6% increase measured in Test 3. 

 

8.5.4 Inhalable Dust Analysis 

 

Figure 8.14 summarises the inhalable data collected for Mine C. Figure 8.15 

summarises the inhalable DME for Mine C. 

 

 

Figure 8.14  Mine C, Test 4 Inhalable Dust Production 



CHAPTER EIGHT 

Data Analysis and Discussion

 

224 

 

 

 

Figure 8.15  Mine C, Test 4 Inhalable DME 

 

8.5.5 Inhalable Dust Discussion 

 

The LOC showed a 23% decrease in inhalable DME, whilst the belt road showed a 

45% increase. Further investigations need to be undertaken to determine if a roller 

was changed, sprays were not working or if some other activity created this increase 

in inhalable dust loads. Inhalable dust showed a slight increase to 8% with installed 

controls operating at the BSL discharge, with the maingate showing an increase of 

18%. Inhalable dust showed an increase midface and at the tailgate of 88% and 10% 

respectively. These results indicate that the current installed controls for mitigating 

inhalable dust need significant improvement. 

8.5.6 Average DME Discussion 

 

The testing has shown that the current installed engineering controls decrease the 

amount of respirable dust in the atmosphere by an average of 10%. This is a marginal 

increase in the amount of respirable dust mitigated from Test 3. This is a positive 

trend and shows that implemented changes have had an effect on the DME of 

installed controls. The corresponding inhalable average DME showed an increase in 

inhalable dust production of 24%. There was no inhalable data to compare this to in  
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Test 3, however, the fact that the inhalable faction increased is a significant issue and 

needs to be addressed immediately. 

8.5.7 DME Conclusion  

 

Mine C has seen an average decrease in the amount of respirable dust of 10% when 

installed engineering controls are operating. This indicates that installed engineering 

controls selection and location in and around the identified sources of dust generation 

are working effectively to reduce the exposure levels of employees to harmful 

particles of less than 10m in size. Correspondingly, greater than 10m particles 

which represent the inhalable fraction have significantly increased by 24% with 

installed controls operating at the same identified sources of dust generation. This 

would indicate that although the controls are effective for removing the smaller dust 

particles from the atmosphere, they are also responsible for increasing the inhalable 

size dust fraction into the atmosphere. 

8.6 Results Mine C Test 5 

 

Mine C was also the fifth mine tested and this was effectively a re-test of Test 4 and 

also included inhalable samples. This test was performed exactly the same as Test 4 

with pump and monitor placement mirroring Test 4. 

8.6.1 Respirable and Inhalable Dust Raw Data 

 

Table 8.8 summarises the raw data collected for respirable and inhalable dust 

production for Mine C. 
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Table 8.8  Mine C, Test 5 Raw Data 

 
 

8.6.2 Respirable Dust Analysis 

 

Figure 8.16 summarises the respirable data collected for Mine C. Figure 8.17 

summarises the respirable DME for Mine C. 

 

 
Figure 8.16  Mine C, Test 5 Respirable Dust Production 

 

 

 

 

 

 

 

Respirable Dust - Controls Off Respirable Dust - Controls On

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 7.17 7.34 0.1650 LOC 7.71 7.87 0.1608

Belt Road 7.63 7.81 0.1761 Belt Road 6.91 7.06 0.1467

BSL Discharge 7.09 7.29 0.2015 BSL Discharge 7.79 8.01 0.2200

Maingate 7.8 8.64 0.8416 Maingate 7.37 8.10 0.7333

Midface 6.98 8.16 1.1790 Midface 7.84 9.04 1.1959

Tailgate 7.31 8.90 1.5917 Tailgate 7.44 9.09 1.6472

Inhalable Dust - Controls Off Inhalable Dust - Controls On

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 7.67 8.21 0.5413 LOC 7.65 8.50 0.8462

Belt Road 8.14 8.65 0.5068 Belt Road 8.01 8.70 0.6938

BSL Discharge 8.23 8.68 0.4506 BSL Discharge 7.99 9.57 1.5767

Maingate 7.98 11.57 3.5947 Maingate 7.61 9.18 1.5738

Midface 7.11 9.46 2.3535 Midface 7.43 9.75 2.3241

Tailgate 7.63 12.14 4.5089 Tailgate 7.62 10.40 2.7810

Tonnes 1100
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Figure 8.17  Mine C, Test 5 Respirable DME 

 

8.6.3 Respirable Dust Discussion 

 

The last open cut-through showed a respirable dust load decrease of 3% with the 

scrubber operating.  This indicates that the ventilation, as the only form of dust 

mitigation, is performing as required. The belt road showed a decrease of 17% for 

respirable dust.  

 

Inbye of the BSL discharge showed an increase of 9% for respirable dust. The 

maingate showed a 13% decrease in respirable dust and Midface showed the 

respirable dust increase by 1% with controls operating. The tailgate showed a 

decrease in respirable dust loads of 3%. 

 

The increase in respirable dust at the BSL discharge indicates that the installed sprays 

are either too big in diameter, are wrongly positioned or have the incorrect pressure 

and flow to them. Further testing with alternative parametric setup should be 

performed to understand the issue and determine the most suitable product to ensure 

respirable dust is removed. 
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8.6.4 Inhalable Dust Analysis 

 

Figure 8.18 summarises the inhalable data collected for Mine C. Figure 8.19 

summarises the inhalable DME for Mine C. 

 

 

 
Figure 8.18  Mine C, Test 5 Inhalable Dust Production 

 

 

 
Figure 8.19  Mine C, Test 5 Inhalable DME 
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8.6.5 Inhalable Dust Discussion 

 

The inhalable dust loads showed a 56% increase at the LOC indicating that outbye 

works or some other outbye activity was having a significant effect on the inhalable 

dust loads being brought to the longwall on the intake ventilation. The belt road 

inhalable DME also showed a 37% increase. Inhalable dust at the BSL discharge was 

an enormous increase of 250%. This result, in conjunction with the increase in 

respirable dust at the same point indicates a serious problem with installed controls. 

However, the maingate showed a decrease of 56%, along with decreases measured 

midface and at the tailgate of 1% and 38% respectively. These results along the face 

indicate that installed controls in the maingate area and along the face are successfully 

mitigating inhalable dust. It should be noted that the BSL discharge needs urgent 

attention. 

8.6.6 Average DME Discussion 

 

Mine C, Test 5 results showed that the operating scrubber decreased the respirable 

dust loads by an average of 3%. The inhalable dust loads showed an increase of an 

average 41%. This increase was due to high LOC and Belt Road readings for the 

efficiency test. Significant analysis and further testing is required to ensure installed 

engineering controls actually mitigate dust as opposed to creating it as experienced at 

this mine. 

8.6.7 DME Conclusion  

 

Mine C, Test 5 has seen an average decrease in the amount of respirable dust of only 

3% when installed engineering controls are operating. This indicates that installed 

engineering controls selection and location in and around the identified sources of 

dust generation are working effectively to reduce the exposure levels of employees to 

harmful particles of less than 10m in size. Although this is a reduction in respirable 

dust production, it is only a minor reduction and further product research and testing 

needs to be urgently undertaken to improve control performance. It should also be 

noted that the respirable DME has reduced from 10% as seen in Test 4 to 3% in this 

test. The reason for this decrease in control efficiency needs to be determined. 
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In contrast, greater than 10m particles which represent the inhalable fraction have 

significantly increased to 41%, up from 24% with installed controls operating at the 

same identified sources of dust generation. This would indicate that although the 

controls are effective for removing the smaller dust particles from the atmosphere, 

they are also responsible for increasing the inhalable size dust fraction into the 

atmosphere. 

 

8.7 Results Mine B Test 6 – Venturi Sprays, Test 1 

 

Mine B, Test 6 was undertaken to evaluate the dust mitigation efficiency of a new 

Venturi system installed at the intake to the crusher in the maingate. A benchmark test 

was undertaken specifically designed to measure the amount of dust produced during 

chock movement in the maingate area as the longwall progresses with further 

sampling taken for venturi sprays installed at the maingate (BSL) and at Chock #6.  

The DME was determined by establishing the benchmark without the venturi 

operating and retested with the same operating parameters with the venturi operating. 

 

Testing methodology for this project was based around CFD modelling undertaken at 

the University of Wollongong. Results of the CFD modelling demonstrated that much 

of the respirable dust particles generated from MG chock movements and BSL would 

disperse onto the longwall face ventilation, contributing significantly to dust levels in 

the longwall face. Modelling results showed that a more effective control of dust 

particles from MG chocks and BSL can be achieved by installing venturis at the 

maingate and on chock #6. The simulation results further showed that the sprays on 

the BSL spill plate when operated at 300 dip (down in vertical plane) and 200 tilt 

towards the face (air flow direction) a maximum knocked down of dust and dispersion 

of dust particles towards the face side. 

 

Positioning of the venturi spray for the first test was on the maingate wing facing 

toward the crusher intake. Testing was undertaken to prove up simulations. 
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8.7.1 Respirable and Inhalable Dust Raw Data 

 

Table 8.9 summarises the raw data collected for respirable and inhalable dust 

production for Mine B. 

 

Table 8.9  Mine B, Test 6 Raw Data 

 
 

8.7.2 Respirable Dust Analysis 

 

Figure 8.20 summarises the respirable data collected for Mine B. Figure 8.21 

summarises the respirable DME for Mine B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Respirable Dust

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 5.36 5.49 0.13 2LOC 5.05 5.19 0.14

Belt Road 5.42 5.51 0.09 2Belt Road 4.55 4.65 0.1

Inbye BSL 5.34 5.46 0.12 2Inbye BSL 6.03 6.17 0.14

Crusher 5.78 5.88 0.1 2Crusher 5.45 5.59 0.14

Chock 5 6.05 6.33 0.28 2Chock 5 4.89 5.17 0.28

Chock 10 6.36 6.59 0.23 2Chock 10 6.12 6.36 0.24

Inhalable Dust

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 5.91 6.56 0.65 2LOC 4.67 5.32 0.65

Belt Road 6.67 6.86 0.19 2Belt Road 5.45 5.72 0.27

Inbye BSL 6.39 6.66 0.27 2Inbye BSL 4.53 4.99 0.46

Crusher 5.65 5.74 0.09 2Crusher 6 6.17 0.17

Chock 5 5.85 6.38 0.53 2Chock 5 5.34 5.41 0.07

Chock 10 5.58 6.47 0.89 2Chock 10 5.73 5.81 0.08

Tonnes 650
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Figure 8.20  Mine B, Test 6 Respirable Dust Production 

 

 
Figure 8.21  Mine B, Test 6 Respirable DME 
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8.7.3 Respirable Dust Discussion 

 

DME results for this test were significantly different than CFD modelling had 

predicted. Predictions had shown that a decrease in respirable dust production would 

occur with the BSL venturi spray operating, particularly around the crusher discharge 

and chock #2. Actual results showed an increase in all respirable dust readings with 

the BSL venturi spray operating. 

 

Further analysis of the longwall operating parameters found that there was 10m
3
/sec 

of air escaping into the goaf via the open area between the maingate chock and the 

rib. This happened due to the goaf curtain not being in position on the day of this test. 

The escaping air into the goaf created a low pressure system that drew air from as far 

down the face as chock #4, resulting in higher than expected readings. It was 

determined that this test would be retaken ensuring the goaf curtain was in place. 

8.7.4 Inhalable Dust Analysis 

 

Figure 8.21 summarises the inhalable data collected for Mine B. Figure 8.23 

summarises the inhalable DME for Mine B. 
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Figure 8.22  Mine B, Test 6 Inhalable Dust Production 

 

 
Figure 8.23  Mine B, Test 6 Inhalable DME 
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8.7.5 Inhalable DME Discussion 

 

Inhalable results around the BSL area increased also due to contaminated air being 

drawn back to the maingate area. However, decreases at chock 5 and 10 were 

measured. Further analysis and retesting will determine if this decrease in inhalable 

dust was as a result of the venturi. 

8.7.6 DME Conclusion  

 

Although this result was deemed a failure in the performance of the venturi sprays, it 

has shown that the DME model is robust enough to be sensitive to ventilation changes 

that will have a significant effect on the respirable and inhalable dust distribution on 

the longwall face. 

8.8 Results Mine B Test 7 – Venturi Sprays, Test 2  

 

Mine B, Test 7 was a retest of the operational DME of a new venturi spray design 

located on the BSL as detailed in Test 6. The retest was necessary due to what was 

deemed a failure of Test 6 as a result of non-standard ventilation parameters that 

significantly affected the venturi performance. 

8.8.1 Respirable and Inhalable Dust Raw Data 

 

Table 8.10 summarises the raw data collected for respirable and inhalable dust 

production for Mine B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER EIGHT 

Data Analysis and Discussion

 

236 

 

 

Table 8.10  Mine B, Test 7 Raw Data 

 
 

8.8.2 Respirable Dust Analysis 

 

Figure 8.24 summarises the respirable data collected for Mine B. Figure 8.25 

summarises the respirable DME for Mine B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Benchmark Test with BSL Venturi Sprays Operating

Respirable Dust

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

Chock 2 6.34 6.77 0.43 2Chock 2 5.12 5.5 0.38

Chock 5 4.58 4.9 0.32 2Chock 5 5.67 5.95 0.28

Chock 8 6.08 6.45 0.37 Chock 8 5.55 5.9 0.35

Chock 15 5.94 6.51 0.57 2Chock 15 4.73 5.25 0.52

Inhalable Dust

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

Chock 2 4.74 5.26 0.52 2Chock 2 4.89 5.35 0.46

Chock 5 5.77 6.11 0.34 2Chock 5 5.78 6.1 0.32

Chock 8 5.13 5.72 0.59 Chock 8 5.42 5.92 0.5

Chock 15 5.91 6.88 0.97 2Chock 15 5.28 6.45 1.17

Tonnes 650
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Figure 8.24  Mine B, Test 7 Respirable Dust Production 

 

 
Figure 8.25  Mine B, Test 7 Respirable DME 
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8.8.3 Respirable Dust Discussion 

 

Mine B, Test 7 results show the BSL venturi has reduced the respirable dust 

production along the longwall face between 5 -13%. The most noticeable effect was 

seen at chocks #2 and #5 with decreases in respirable dust production of 12 and 13% 

respectively. 

8.8.4 Inhalable Dust Analysis 

 

Figure 8.26 summarises the inhalable data collected for Mine B. Figure 8.27 

summarises the inhalable DME for Mine B. 

 

 
Figure 8.26  Mine B, Test 7 Inhalable Dust Production 
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Figure 8.27  Mine B, Test 7 Inhalable DME 

 

8.8.5 Inhalable DME Discussion 

 

The inhalable dust production has also shown a decrease in inhalable dust production 

at chock #2 of 12%, chock #5 of 6%, chock #8 of 15% and an increase in inhalable 

dust production at chock #15 of 21%. 

8.8.6 DME Conclusion  

 

Mine B, Test 7 has shown that with the correct ventilation of 45m
3
/sec directed down 

the face, in contrast to bypassing the maingate into the goaf area as seen in Test 6 , the 

use of a single venturi operating at the BSL can have a significant decrease in both 

respirable and inhalable dust production during the cutting cycle. 

8.9 Results Mine D Test 8 

 

Mine D, Test 8 was performed to establish a respirable benchmark dust production 

only. No inhalable samples were taken as only 10 monitors were approved to take 

underground for the testing. The testing methodology used for this set of samples  

 



CHAPTER EIGHT 

Data Analysis and Discussion

 

240 

 

 

required the establishment of a benchmark respirable dust production comparison 

with all controls operating. No testing was undertaken with the controls off. 

 

8.9.1 Respirable Dust Raw Data 

 

Table 8.11 summarise raw data collected from Mine D in the first benchmark test. 

These results were applied to the average dust load production of other samples 

operations and analysed as no further testing was undertaken. 

 

Table 8.11  Mine D, Test 8 Respirable Raw Data 

 

8.9.2 Respirable Dust Production Test 1 

 

Figure 8.28 summarises the respirable dust production at Mine D for the first 

benchmark test. 

 

 

 

 

 

 

 

 

Benchmark Test #1

Respirable Dust Benchmark #1

Sample ID Initial Weight Final Weight Net weight

LOC 6.47 6.6 0.13

Belt Road 6.27 6.8 0.53

BSL Discharge 5.86 6.04 0.18

Maingate 6.34 7.11 0.77

Midface 5.8 7.28 1.48

Tailgate 6 8.69 2.69

Tonnes Benchmark 1500
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Figure 8.28  Mine D, Test 8 Respirable Dust Production Benchmark #1 

 

8.9.3 Results Mine D Test 9 

 

Mine D Test 9 was the second respirable dust load production test. This test was 

performed with the same operating parameters to Test 8. 

8.9.4 Respirable Dust Raw Data 

 

Table 8.12 summarise raw data collected from Mine D in the second benchmark test. 

These results were applied to the average dust load production of other samples 

operations and analysed as no further testing was undertaken. 
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Table 8.12  Mine D, Test 9 Respirable Raw Data 

 

8.9.5 Respirable Dust Production Test 2 

 

Figure 8.29 summarises the respirable dust production at Mine D for the second 

benchmark test. 

 

 
Figure 8.29  Mine D, Test 9 Respirable Dust Production Benchmark #2 

 

8.9.6 Respirable Benchmark Dust Load Discussion 

 

Figure 8.30 summarises the respirable dust production measured in test 1 and test 2. 

 

 

Benchmark Test #2

Respirable Dust Benchmark #2

Sample ID Initial Weight Final Weight Net weight

LOC 6.3 6.4 0.1

Belt Road 6.65 7.21 0.56

BSL Discharge 6.54 7.01 0.47

Maingate 5.91 6.85 0.94

Midface 6.76 8.32 1.56

Tailgate 6.06 8.94 2.88

Tonnes Benchmark 1500
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Figure 8.30  Mine D, Test 8 & 9 Respirable Benchmark Comparison 

 

Figure 8.31 details the difference in respirable dust production between the two tests. 

 

 
Figure 8.31  Mine D, Test 8 & 9 Benchmark Dust Load Difference 

 

 

Figure 8.32 details the respirable dust production of Mine D to the average respirable 

dust production of previous tests. 
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Figure 8.32  Mine D Average Respirable Dust Production Comparison 

 

 
Figure 8.33  Mine D Average Respirable Dust Production Comparison 

 

8.9.7 Average Respirable Dust Load Discussion 

 

Mine D has shown that it produces 41% more respirable dust per tonne of coal cut 

than the average of all the other mines tested. No inhalable samples were collected,  
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but it can be assumed that these results would also push toward 50% more than other 

mines. Further analysis will need to be undertaken to establish why this increase in 

dust loads is so significant. 

 

The DME model has shown versatility and adaptability as well as robustness in being 

able to quantify mine average dust production performance comparisons. This 

information will give mine operators sound information on how well their installed 

controls are doing in comparison to the industry average of other mines tested. This 

information will allow mine operators to install engineering controls that have been 

proven to mitigate more dust than those currently installed. 

8.10 Results Mine B Test 10 – Venturi Sprays Test 3 

 

Mine B, Test 10 was a continuation of the new design venturi testing. Test 10 was 

undertaken to quantify the DME of the new design venturi system with multiple 

venturis placed on chock #6. Samples were placed in the same locations as Test 7. As 

in previous tests detailed in this chapter, comprehensive CFD modelling was 

undertaken and the DME model was being used to quantify those results. 

8.10.1  Respirable and Inhalable Dust Raw Data 

 

Table 8.13 summarises the raw data collected for respirable and inhalable dust 

production for Mine B. 
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Table 8.13  Mine B, Test 10 Raw Data 

 
 

8.10.2  Respirable Dust Analysis 

 

Figure 8.34 summarises the respirable data collected for Mine B. Figure 8.35 

summarises the respirable DME for Mine B. 

 

 
Figure 8.34  Mine B, Test 10 Respirable Dust Production 

 

 

 

 

 

 

Benchmark Test with Chock #6 Venturi Sprays Operating

Respirable Dust

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

Chock 2 6.34 6.77 0.43 3Chock 2 4.5 4.9 0.4

Chock 5 4.58 4.9 0.32 3Chock 5 4.87 5.12 0.25

Chock 8 6.08 6.45 0.37 Chock 8 5.9 6.17 0.27

Chock 15 5.94 6.51 0.57 3Chock 15 6.7 7.23 0.53

Inhalable Dust

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

Chock 2 4.74 5.26 0.52 3Chock 2 5.16 5.65 0.49

Chock 5 5.77 6.11 0.34 3Chock 5 5.92 6.2 0.28

Chock 8 5.13 5.72 0.59 Chock 8 6.49 7.05 0.56

Chock 15 5.91 6.88 0.97 3Chock 15 6.07 6.22 0.15

Tonnes 650
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Figure 8.35  Mine B, Test 10 Respirable DME 

 

8.10.3  Respirable DME Discussion 

 

The chock venturis showed a decrease of respirable dust by 7% at chock #2, 22% at 

chock #5, 27% at chock #8 and 7% at chock #15. The results indicate that the venturis 

have a significant effect by mitigating the respirable dust from entering the 

atmosphere.  

 

8.10.4  Inhalable Dust Analysis 

 

Figure 8.36 summarises the inhalable data collected for Mine B. Figure 8.37 

summarises the inhalable DME for Mine B. 
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Figure 8.36  Mine B, Test 10 Inhalable Dust Production 

 

 
Figure 8.37  Mine B, Test 10 Inhalable DME 

 

8.10.5  Inhalable DME Discussion 

 

The corresponding inhalable results show a decrease at chock #2 of 6%, chock #5 of 

18%, chock #8 of 5% but an increase of 67% at chock #15. The reduction found up to  



CHAPTER EIGHT 

Data Analysis and Discussion

 

249 

 

 

chock #8 indicates that the venturis are effective at knocking down inhalable dust. 

The increase in chock # 15 inhalable dust can be attributed to chock movement. 

8.10.6  DME Conclusion  

 

Both the BSL venturi and the chock venturis have a significant effect on removing 

respirable and inhalable dust up to chock 15 in this instance. By turning on both the 

BSL and chock venturis whilst the maingate chocks are moving, up to 35% of the 

respirable dust will be removed from the atmosphere. 

 

Field trials demonstrated that the design of the water mist based venturi unit is robust 

and simple to use in underground longwalls for dust mitigation, however the issue of 

wetting by water mist travelling along the face has been raised. This problem can be 

minimised by positioning the units further in front under the canopy or by turning off 

the units once the advance of the 1‐5 MG chocks is completed. 

8.11 Results Mine B Test 11 – Surfactant Testing 

 

Mine B, Test 11 was performed to quantify the DME of Compliance 2000 surfactant 

injected into the spray system for the longwall and shearer. Samples were located and 

collected as per Mine B, Test 2. The benchmark test was conducted with all sprays 

operating and no Compliance 2000 injected into the water and the efficiency test was 

conducted with Compliance 2000 injected.  

8.11.1  Respirable and Inhalable Dust Raw Data 

 

Table 8.14 summarises the raw data collected for respirable and inhalable dust 

production at Mine B. 
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Table 8.14  Mine B, Test 11 Raw Data 

 

8.11.2  Respirable Dust Analysis 

 

Figure 8.38 summarises the respirable data collected for Mine B. Figure 8.39 

summarises the respirable DME for Mine B. 

 

 
Figure 8.38  Mine B, Test 11 Respirable Dust Production 

Compliance 2000 Efficiencey Testing

Respirable Dust Benchmark Respirable Dust Compliance 2000 Operating

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 6.16 6.21 0.05 LOC 5.89 6.04 0.15

Belt Road 6.65 6.68 0.03 Belt Road 6.42 6.52 0.1

BSL Discharge 6.54 6.62 0.08 BSL Discharge 6.01 6.13 0.12

Maingate 6.26 6.53 0.27 Maingate 6.54 6.74 0.2

Midface 7.87 8.55 0.68 Midface 6.44 6.94 0.5

Tailgate 7.8 8.85 1.05 Tailgate 6.16 7.03 0.87

Inhalable Dust Benchmark Inhalable Dust Compliance 2000 Operating

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 5.82 5.97 0.15 LOC 5.8 6.12 0.32

Belt Road 7.62 7.81 0.19 Belt Road 6.43 6.85 0.42

BSL Discharge 7.84 8.03 0.19 BSL Discharge 6.03 6.5 0.47

Maingate 7.68 8.1 0.42 Maingate 6.39 6.86 0.47

Midface 7.65 8.25 0.6 Midface 6 6.82 0.82

Tailgate 7.64 8.45 0.81 Tailgate 6.42 7.33 0.91

Tonnes Benchmark 650

Tonnes Compliance 2000 on O/B 1300

Tonnes Compliance 2000 on I/B 650
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Figure 8.39  Mine B, Test 11 Respirable DME 

 

8.11.3  Respirable DME Discussion 

 

The average DME for respirable dust increased by 4% with Compliance 2000 

injected. Compliance 2000 showed a decrease in respirable dust production at the 

BSL discharge of 25%, the maingate of 26%, midface of 26% and the tailgate of 17%. 

The LOC and belt road both showed an increase in respirable dust production of 50% 

and 67% respectively. These results may indicate an increase in an outbye activity or 

vehicle movements. This needs to be retested to quantify dust loads which should see 

a reduction in the outbye dust which will result in Compliance 2000 having a positive 

mitigation effect on the respirable dust. 

8.11.4  Inhalable Dust Analysis 

 

Figure 8.40 summarises the inhalable data collected for Mine B. Figure 8.41 

summarises the inhalable DME for Mine B. 

 

 

 

 

 

 

 

 



CHAPTER EIGHT 

Data Analysis and Discussion

 

252 

 

 

 
Figure 8.40  Mine B, Test 11 Inhalable Dust Production 

 

 
Figure 8.41  Mine B, Test 11 Inhalable DME 

 

8.11.5 Inhalable DME Discussion 

 

All inhalable samples increased between 7% and 37% with the introduction of the 

Compliance 2000. 
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8.11.6  DME Conclusion  

 

Compliance 2000 has a positive result in removing respirable dust on the longwall 

face. However, the surfactant has a significant negative effect on the inhalable size 

dust fraction. LOC and Belt Road results need further investigation to determine what 

outbye activities or processes led to the increase in dust loads from Compliance off to 

Compliance on. 

 

The Compliance 2000 usage rate has been calculated at approximately 0.729 litres for 

the 1 shear test. Actual dilution ratios will need to be calculated from obtaining the 

known water flow rate at the point of injection. Further efficiency gains may be made 

by increasing dilution rates of the Compliance 2000 and will need to be tested to 

quantify results. 

8.12 Results Mine E Test 12 

 

Mine E was the fifth mine tested and using equipment purchased by the University of 

Wollongong. The equipment used is detailed in chapter 6, section 6.4.1. Respirable 

and inhalable dust loads were taken. Further samples were taken at Mine E and these 

are discussed later in this chapter. 

8.12.1  Respirable and Inhalable Dust Raw Data 

 

Table 8.15 summarises the raw data collected for repirable and ihalable dust 

production at Mine E. 
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Table 8.15  Mine E, Test 12 Raw Data 

 
 

8.12.2  Respirable Dust Analysis 

 

Figure 8.42 summarises the respirable data collected for Mine E. Figure 8.43 

summarises the respirable DME for Mine E. 

 

 

 

Benchmark Test

Respirable Dust Benchmark Respirable Dust Controls Operating

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 7.08 7.69 0.61 LOC 7.34 7.97 0.63

Belt Road 7.02 7.77 0.75 Belt Road 7.13 7.3 0.17

BSL Discharge 6.97 8.08 1.11 BSL Discharge 7.54 8 0.46

Maingate 7.18 7.96 0.78 Maingate 7.71 7.99 0.28

Tailgate 7.11 7.89 0.78 Tailgate 7.54 8.18 0.64

Inhalable Dust Benchmark Inhalable Dust Controls Operating

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 7.3 7.89 0.59 LOC 7.54 8.06 0.52

Belt Road 7.2 7.73 0.53 Belt Road 7.45 7.62 0.17

BSL Discharge 7.51 7.66 0.15 BSL Discharge 7.44 8.1 0.66

Maingate 7.94 8.18 0.24 Maingate 7.3 8.16 0.86

Tailgate 7.48 8.14 0.66 Tailgate 7.21 8.2 0.99

Tonnes Benchmark 1184

Tonnes Controls on 1117
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Figure 8.42  Mine E, Test 12 Respirable Dust Production 

 

 
Figure 8.43  Mine E, Test 12 Respirable DME 

 

8.12.3 Respirable DME Discussion 

 

The LOC showed a 9% increase in respirable dust, whilst the belt road, BSL 

discharge, Maingate and tailgate experienced decreases of respirable dust of 76%, 

56%, 62% and 13% respectively. This may indicate an outbye activity or vehicle 

movement that has contributed to the increase. 

8.12.4  Inhalable Dust Analysis 

 

Figure 8.44 summarises the inhalable data collected for Mine E. Figure 8.45 

summarises the inhalable DME for Mine E. 
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Figure 8.44  Mine E, Test 12 Inhalable Dust Production 

 

 
Figure 8.45  Mine E, Test 12 Inhalable DME 

8.12.5 Inhalable DME Discussion 

 

The LOC showed a decrease of 7% in inhalable dust with the belt road also 

decreasing by 66%. The BSL discharge showed an increase in inhalable dust of  
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366%. This will need to be retested as the result is quite significant, with further 

testing to either show the same result less. The maingate and tailgate also measured 

significant increase in inhalable dust with the controls operating of 280% and 59% 

respectively. If the second set of tests produces the same high result, urgent action 

will need to be implemented to ensure such significant increases are mitigated. 

8.12.6  Average DME Discussion 

 

The testing results showed that the current installed controls reduce the amount of 

respirable dust by an average of 43%; however, the amount of inhalable dust showed 

an increase by an average of 56%. This would indicate that the installed controls are 

working well to mitigate respirable dust, but are increasing the amount of inhalable 

dust liberated into the atmosphere. Although the health risk to workers is slightly less 

for inhalable exposure, the dust loads will almost certainly result in failures during 

statutory testing. 

8.12.7  DME Conclusion  

 

These results indicate that the current installed controls are mitigating respirable dust 

extremely well, however, inhalable dust control will require further and more 

comprehensive engineering controls to ensure future compliance and minimise 

exposure to employees. 

 

This initial test indicates that if a statutory test were to have been performed in 

parallel with this benchmark test, Mine E would have passed the respirable exposure 

levels but failed the inhalable exposure levels. It is understood that this has been the 

case in recent tests. 

8.13 Results Mine C Test 13 – Coal Services Scrubber 

 

Mine C installed a new T8E electric BSL scrubber on their new longwall. This unit 

replaces the original hydraulic scrubber that had been in operation for some years and 

was previously tested as part of a dust control efficiency test as shown in 8.3. The new  
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design incorporates an intake duct on the outbye side of the DCB and a discharge 

hood back into the slope pans of the gooseneck. 

 

Mine C, Test 13 was undertaken by Coal Services to quantify the DME of the new 

installed BSL scrubber. The testing was requested by the mine to independently 

measure the amount of respirable and inhalable dust removed by the scrubber from 

the BSL discharge and the maingate. The benchmark test was performed with all 

controls operating and the scrubber off and the efficiency test was undertaken with all 

controls and the scrubber operating. Data collection was as per the new testing 

methodology with Coal Services supplying all equipment and heads as per their 

standard testing methodology.  

8.13.1  Respirable and Inhalable Dust Raw Data 

 

Table 8.16 summarises the raw data collected for respirable and inhalable dust 

production at Mine C. 

 

Table 8.16  Mine C, Test 13 Coal Services Scrubber Testing 

 
 

 

 

 

 

 

Coal Services Efficiency Results

Respirable Dust Benchmark - No Scrubber Respirable Dust Scrubber Operating

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 7.13 7.21 0.013 LOC 7.42 7.47 0.058

Belt Road 7.22 7.25 0.044 Belt Road 7.27 7.32 0.045

BSL Discharge 7.23 7.37 0.11 BSL Discharge 7.17 7.29 0.109

Maingate 7.38 7.57 0.179 Maingate 7.46 7.65 0.2

Tailgate 7.38 8.65 1.027 Tailgate 7.11 8.01 1.081

Inhalable Dust Benchmark - No Scrubber Inhalable Dust Scrubber Operating

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 7.78 7.83 0.047 LOC 7.31 7.41 0.176

Belt Road 7.77 7.81 0.057 Belt Road 7.18 7.29 0.104

BSL Discharge 8.05 8.72 0.626 BSL Discharge 7.17 7.71 0.437

Maingate 7.16 7.65 0.864 Maingate 7.25 7.86 0.479

Tailgate 7.02 10.33 3.769 Tailgate 8 4.59 3.415

Tonnes Benchmark 1200

Tonnes Efficiency 1200
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8.13.2  Respirable Dust Analysis 

 

Figure 8.46 summarises the respirable data collected for Mine C. Figure 8.47 

summarises the respirable DME for Mine C. 

 

 
Figure 8.46  Mine C, Test 13 Respirable Dust Production 

 

 
Figure 8.47  Mine C, Test 13 Respirable DME 
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8.13.3 Respirable DME Discussion 

 

The last open cut-through showed a respirable dust load decrease of 28% with the 

scrubber operating.  This indicates that the ventilation is performing as required. The 

belt road showed an increase of 50% for respirable dust. This is a huge increase in 

respirable dust loads and would indicate that a significant change or activity was 

present during this test. Inbye of the BSL discharge showed a decrease of 22% for 

respirable dust with the scrubber operating, the maingate showed an increase in 

respirable dust of 5% and the tailgate showed a decrease in respirable dust loads of 

15%. 

8.13.4  Inhalable Dust Analysis 

 

Figure 8.48 summarises the inhalable data collected for Mine C. Figure 8.49 

summarises the inhalable DME for Mine C. 

 
Figure 8.48  Mine C, Test 13 Inhalable Dust Production 
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Figure 8.49  Mine C, Test 13 Inhalable DME 

 

8.13.5 Inhalable DME Discussion 

 

The LOC showed a 252% increase in inhalable dust loads, indicating that outbye 

works or some other outbye activity was having a significant effect on the inhalable 

dust loads being brought to the longwall on the intake ventilation. The inhalable DME 

in the belt road also showed a 160% increase. Further investigations need to be 

undertaken to determine if a roller was changed, sprays were not working or if some 

other activity created this increase in respirable and inhalable dust loads. 

 

Inhalable dust loads at the BSL discharge showed a decrease of 35% with the 

scrubber operating and the inhalable dust decreased by 2% with the scrubber 

operating at the maingate. The inhalable dust load showed a 3% increase at the 

tailgate 

8.13.6  DME Conclusion 

 

Coal Services data collection and results showed that the operating scrubber 

decreased the respirable dust loads by an average of 13%. The inhalable dust loads 

showed an increase of an average 1%. This increase was due to high LOC and Belt 

Road readings for the second test. Mine C, Test 13 collected by Coal Services showed  
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that the operating scrubber reduced the amount of respirable and inhalable dust loads 

by 22% and 35% respectively at the BSL discharge. The maingate showed an 

increase in respirable dust of 5% with the scrubber operating and the corresponding 

inhalable dust decreased by 2% with the scrubber operating. 

 

Whilst these results are encouraging, to ascertain the actual DME of the operating 

scrubber on the respirable and inhalable dust loads, the collected results were 

compared to the actual benchmark testing undertaken in Mine C, Test 4. These results 

will be discussed in 8.14.7. 

8.14 Results Mine C Test 14 

 

Mine C, Test 14 was undertaken by the author as a parallel test to Mine C, Test 13. 

Data collected was compared to the data collected by Coal Services and analysed to 

ensure uniformity of results. Data collection mirrored Coal Services. 

8.14.1  Respirable and Inhalable Dust Raw Data 

 

Table 8.17 summarises the raw data collected for respirable and inhalable dust 

production at Mine C. 

 

Table 8.17  Mine C, Test 14 Raw Data 

 
 

Efficiency Test

Respirable Dust Benchmark - No Scrubber Respirable Dust Scrubber Operating

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 7.13 7.21 0.08 LOC 7.42 7.47 0.05

Belt Road 7.22 7.25 0.03 Belt Road 7.27 7.32 0.05

BSL Discharge 7.23 7.37 0.14 BSL Discharge 7.17 7.29 0.12

Maingate 7.38 7.57 0.19 Maingate 7.46 7.65 0.19

Tailgate 7.38 8.65 1.27 Tailgate 7.11 8.01 0.9

Inhalable Dust Benchmark - No Scrubber Inhalable Dust Scrubber Operating

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight

LOC 7.78 7.83 0.05 LOC 7.31 7.41 0.1

Belt Road 7.77 7.81 0.04 Belt Road 7.18 7.29 0.11

BSL Discharge 8.05 8.72 0.67 BSL Discharge 7.17 7.71 0.54

Maingate 7.16 7.65 0.49 Maingate 7.25 7.86 0.61

Tailgate 7.02 10.33 3.31 Tailgate 8 8.77 0.77

Tonnes Benchmark 1200

Tonnes Efficiency 1200
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8.14.2  Respirable Dust Analysis 

 

Figure 8.50 summarises the respirable data collected for Mine C. Figure 8.51 

summarises the respirable DME for Mine C. 

 

 
Figure 8.50  Mine C, Test 14 Respirable Dust Production 

 

 
Figure 8.51  Mine C, Test 14 Respirable DME 
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8.14.3 Respirable DME Discussion 

 

The last open cut-through showed a respirable dust load decrease of 38% with the 

scrubber operating.  This indicates that the ventilation is performing as required. The 

belt road showed an increase of 67% for respirable dust. This is a huge increase in 

respirable dust loads and would indicate that a significant change or activity was 

present during this test. Inbye of the BSL discharge showed a decrease of 14% for 

respirable dust with the scrubber operating. The maingate showed no change in 

respirable dust with the scrubber operating and the tailgate showed a decrease in 

respirable dust loads of 29%. 

8.14.4  Inhalable Dust Analysis 

 

Figure 8.52 summarises the inhalable data collected for Mine C. Figure 8.53 

summarises the inhalable DME for Mine C. 

 

 
Figure 8.52  Mine C, Test 14 Inhalable Dust Production 
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Figure 8.53  Mine C, Test 14 Inhalable DME 

 

8.14.5 Inhalable DME Discussion 

 

The inhalable dust loads showed a 100% increase, indicating that outbye works or 

some other outbye activity was having a significant effect on the inhalable dust loads 

being brought to the longwall on the intake ventilation. The inhalable DME at the belt 

road also showed a 175% increase. Further investigations need to be undertaken to 

determine if a roller was changed, sprays were not working or if some other activity 

created this increase in inhalable dust loads. Inhalable dust loads at the BSL discharge 

showed a decrease of 19% with the scrubber operating whilst the maingate showed an 

increase of 24% with the scrubber operating. The inhalable dust load at the tailgate 

showed a 77% decrease. 

8.14.6  DME Conclusion 

 

Mine C, Test 14 results showed that the operating scrubber decreased the respirable 

dust loads by an average of 3%. The inhalable dust loads showed an increase of an 

average 41%. This increase was due to high LOC and belt road readings for the 

second test. 



CHAPTER EIGHT 

Data Analysis and Discussion

 

266 

 

 

Mine C, Test 14 showed that the operating scrubber reduced the amount of respirable 

and inhalable dust loads by 14% and 19% respectively at the BSL discharge. The 

maingate showed no change in respirable dust with the scrubber operating and the 

corresponding inhalable dust increased by 24% with the scrubber operating. 

 

Whilst these results are encouraging, to ascertain the actual DME of the operating 

scrubber on the respirable and inhalable dust loads, the collected results were 

compared to efficiency testing undertaken in Mine C, Test 4 . These results will be 

discussed in 8.14.7 in detail. 

8.14.7  Mine C, Test 13 & 14 DME Comparison to Test 4 

 

To obtain an accurate measurement of the new installed scrubber efficiency, collected 

data was compared to benchmark analysis undertaken in Mine C, Test 4 in 8.4. This 

has resulted from Tests 13 & 14 being collected with the benchmark tests being 

collected with all controls operating excluding the scrubber. These results do not 

show how much respirable and inhalable dust is actually mitigated with installed 

controls operating. As seen in 8.4, turning the controls on in some locations actually 

increased the amount of dust measured. This set of collected data has established an 

operating respirable and inhalable dust load production benchmark at each source of 

dust generation and the utilisation of this benchmark will give an accurate DME for 

scrubber performance. 

8.14.7.1 Respirable and Inhalable DME Using Test 4 Benchmark 

 

Table 8.18 summarises raw data collected by Coal Services and UoW and compares 

the collected data. 
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Table 8.18  Mine C, Test 13 & 14 DME Comparison Using Test 4 Benchmark 

Raw Data 

 

 

 

Figure 8.54 shows a respirable dust production comparison. 

 

 
Figure 8.54  Mine C, Test 13 and 14 Respirable DME Comparison Using Test 4 

Benchmark 

 

Figure 8.55 shows an inhalable dust production comparison. 

 

 

 

 

 

 

 

 

 

Respirable DME

LOC Belt Road BSL Discharge Maingate Tailgate Average

Test 4 Benchmark 0.0001 0.0002 0.0002 0.0006 0.0011 0.0004

Test 13 - Coal Services 0.0000 0.0000 0.0001 0.0002 0.0009 0.0002

Test 14 -UOW 0.0000 0.0000 0.0001 0.0002 0.0008 0.0002

Coal Services DME -47% -77% -45% -72% -20% -52%

UOW DME -54% -75% -39% -73% -34% -55%

Inhalable DME

LOC Belt Road BSL Discharge Maingate Tailgate Average

Test 4 Benchmark 0.0005 0.0003 0.0005 0.0008 0.0045 0.0013

Test 13 - Coal Services 0.0001 0.0001 0.0004 0.0004 0.0028 0.0008

Test 14 -UOW 0.0001 0.0001 0.0005 0.0005 0.0000 0.0002

Coal Services DME -69% -73% -25% -53% -36% -51%

UOW DME -82% -72% -7% -40% -100% -60%
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Figure 8.55  Mine C, Test 13 and 14 Inhalable DME Comparison Using Test 4 

Benchmark 

 

8.14.7.2 Respirable and Inhalable DME Discussion 

 

The results of Test 13 and 14 significantly improve for both sets of collected data 

when DME calculations include Test 4 benchmark dust production results. The 

average DME for respirable dust decreases by 52% for data collected by Coal 

Services and 55% when collected by the Uow. These results are very close for both 

tests and further prove the robustness and flexibility of the new testing methodology. 

 

The corresponding average inhalable DME shows decreases of 51% for Coal Services 

data and 60% for data collected by this author. 

8.15 Results Mine E Test 15 

 

A second set of control efficiency sampling was undertaken at Mine E to measure the 

changes in the respirable and inhalable dust production as a result of implemented 

changes to the longwall ventilation introduced to further reduce exposure levels on the 

longwall. The major change to the intake ventilation was the installation of a maingate  
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goaf curtain between the front and rear conveyors which forced the intake air down 

the front AFC instead of into the rear AFC and the goaf. 

8.15.1  Respirable and Inhalable Dust Raw Data 

 

Table 8.19 summarise the raw data for respirable and inhalable dust production at 

Mine E. 

 

Table 8.19  Mine E, Test 15 Raw Data 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Respirable Dust Benchmark Respirable Dust Test 1 Respirable Dust Test 2

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight Sample ID Initial WeightFinal Weight Net weight

LOC 7.08 7.69 0.61 LOC 7.34 7.97 0.63 LOC 7.35 7.76 0.41

Belt Road 7.02 7.77 0.75 Belt Road 7.13 7.3 0.17 Belt Road 7.26 7.42 0.16

BSL Discharge 6.97 8.08 1.11 BSL Discharge 7.54 8 0.46 BSL Discharge 7.3 7.37 0.07

Maingate 7.18 7.96 0.78 Maingate 7.71 7.99 0.28 Maingate 6.91 7.2 0.29

Tailgate 7.11 7.89 0.78 Tailgate 7.54 8.18 0.64 Tailgate 7.41 7.99 0.58

Inhalable Dust Benchmark Inhalable Dust Test 1 Inhalable Dust Test 2

Sample ID Initial Weight Final Weight Net weight Sample ID Initial Weight Final Weight Net weight Sample ID Initial WeightFinal Weight Net weight

LOC 7.3 7.89 0.59 LOC 7.54 8.06 0.52 LOC 7.73 7.9 0.17

Belt Road 7.2 7.73 0.53 Belt Road 7.45 7.62 0.17 Belt Road 7.2 7.89 0.69

BSL Discharge 7.51 7.66 0.15 BSL Discharge 7.44 8.1 0.66 BSL Discharge 7.24 8.13 0.89

Maingate 7.94 8.18 0.24 Maingate 7.3 8.16 0.86 Maingate 7.24 7.88 0.64

Tailgate 7.48 8.14 0.66 Tailgate 7.21 8.2 0.99 Tailgate 7.41 8.4 0.99

Tonnes Benchmark 1184

Tonnes Test 1 1117

Tonnes Test 2 1256
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8.15.2  Respirable Dust Analysis 

 

Figure 8.56 summarises the respirable data collected for Mine E. Figure 8.57 

summarises the respirable DME for Mine E. 

 

 
Figure 8.56  Mine E, Test 15 Respirable Dust Production 

 

 

 
Figure 8.57  Mine E, Test 15 Respirable DME 
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8.15.3 Respirable DME Discussion 

 

Test 15 was performed to quantify improvements to the ventilation by the addition of 

a brattice wing between the front and rear conveyors. The average results for the 

respirable dust loads remained approximately the same as the first test. 

8.15.4  Inhalable Dust Analysis 

 

Figure 8.58 summarises the inhalable data collected for Mine E. Figure 8.59 

summarises the inhalable DME for Mine E. 

 

 

 
Figure 8.58  Mine E, Test 15 Inhalable Dust Production 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER EIGHT 

Data Analysis and Discussion

 

272 

 

 

 
Figure 8.59  Mine E, Test 15 Inhalable DME 

 

8.15.5 Inhalable DME Discussion  

 

The average results indicate a significant improvement in the amount of inhalable dust 

removed from the atmosphere. Mine E. Test 12 showed that the average inhalable 

dust level increased by 56% when the controls were turned on, while the second test 

showed an average decrease of 6%. 

 

8.15.6 DME Discussion 

 

The respirable DME has remained similar to the first test which is to be expected. 

However, the inhalable dust loads were significantly reduced indicating that the 

installed brattice wing has been successful in mitigating inhalable dust loads. Further 

reductions in respirable and inhalable dust production will be achieved as additional 

engineering controls are installed and tested. 

8.15.7 DME Conclusion  

 

The second control efficiency test was compared to the first control efficiency test and 

DME’s calculated. Table 8.20 summarises the results from tests 12 and 13 at Mine E. 
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Table 8.20  Test 12 and 13 Comparison 

Test Respirable DME Inhalable DME 

Test 12 -43% 56% 

Test 15 -38% -6% 

 

 

Mine E advised that they have passed their first inhalable test from Coal Services in 

the last 6 years. They have attributed this success to the DME model and have 

indicated that they will be undertaking further tests as new, or alternative engineering 

controls are installed. 

8.16 Cumulative Average DME Analysis 

 

The DME model detailed in this thesis has been successful in identifying which 

installed engineering controls mitigate the most respirable and inhalable dust 

produced during the cutting cycle at each known source of dust generation on an 

operating longwall. By identifying which controls mitigate the most dust, mining 

company engineers can integrate these engineering controls into their operating 

longwalls, ensuring statutory compliance to legislated exposure levels, further 

ensuring the continued and improved health and safety of employees. 

 

This section will quantify the respirable and inhalable dust loads produced at each 

known source of generation presented as a mg/tonne produced during the cutting 

cycle, clearly define which mine tested produces the least amount of respirable and 

inhalable dust during the cutting cycle, which mines installed engineering controls 

mitigate the most respirable and inhalable dust and conclude with a parametric setup 

for an operating longwall to mitigate the maximum amount of respirable and inhalable 

dust produced during the cutting cycle. 

8.17 Benchmark Respirable Dust Load Production 

 

Of the 190 respirable samples collected, 66 of these were benchmark samples. 

Benchmark samples are defined as those samples taken with all controls turned off 

excluding pick sprays necessary to mitigate the risk of frictional ignition. These  
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collected benchmark samples were analysed at each of the known sources of dust 

generation and compared to a mine respirable and inhalable dust production average, 

with this average then underpinning the average respirable dust production for each 

mine sampled, and identifying which mine produces the most mg/tonne of respirable 

dust during the cutting cycle. It should be noted that no benchmark respirable samples 

were taken at Mine D. 

 

Table 8.21 details the collected respirable dust samples undertaken for benchmark 

determination. The collected samples have been placed in mine order with the 

collected samples averaged over the amount of samples taken at the known sources of 

dust generation. These averages have then been analysed in detail.  

 

Table 8.21  Respirable Dust Production Benchmark Samples 

 

 

Figure 8.60 summarises the average mg/tonne of respirable dust produced during the 

cutting cycle with no engineering controls operating at each of the known sources of 

dust generation for each of the mines sampled. The average mg/tonne was calculated 

by adding together each of the collected samples and dividing the number by the 

amount of samples collected. This average was then used to compare the average of 

each sample collected at that location for each of the 15 tests undertaken at the 5 

mines and is summarised in Figure 8.61, with Figure 8.62 showing the percentage  

LOC Belt Road BSL Discharge Maingate Midface Tailgate Average mg/tonne

Test 1-Mine A 0.0001 0.0001 0.0002 0.0002 0.0010 0.0006

Mine A Average mg/tonne 0.0001 0.0001 0.0002 0.0002 0.0010 0.0006 0.0004

Test 2-Mine B 0.0001 0.0002 0.0002 0.0003 0.0007 0.0012

Test 6-Mine B 0.0002 0.0001 0.0002 0.0002

Test 7-Mine B 0.0007 0.0009 0.0016

Test 10-Mine B 0.0007 0.0009 0.0016

Test 11-Mine B 0.0001 0.0000 0.0001 0.0004 0.0010 0.0016

Mine B Average mg/tonne 0.0001 0.0001 0.0002 0.0004 0.0009 0.0015 0.0005

Test 3-Mine C 0.0001 0.0001 0.0000 0.0000 0.0008 0.0011

Test 4-Mine C 0.0001 0.0002 0.0002 0.0006 0.0012 0.0011

Test 5-Mine C 0.0002 0.0002 0.0002 0.0008 0.0011 0.0014

Test 13-Mine C 0.0001 0.0000 0.0001 0.0002 0.0011

Test 14-Mine C 0.0000 0.0000 0.0001 0.0001 0.0009

Mine C Average mg/tonne 0.0001 0.0001 0.0001 0.0003 0.0010 0.0011 0.0005

Test 8-Mine D

Test 9-Mine D

Mine D Average mg/tonne

Test 12-Mine E 0.0005 0.0006 0.0009 0.0007 0.0007

Test 15-Mine E 0.0005 0.0006 0.0009 0.0007 0.0007

Mine E Average mg/tonne 0.0005 0.0006 0.0009 0.0007 0.0007 0.0007
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difference that each mine obtained compared to the overall mine average. These 

measurements are discussed in detail in 8.18 at each identified source of respirable 

and inhalable dust generation. 

 

 

Figure 8.60  Mine Average Respirable Benchmark Dust Production 

 

 

Figure 8.61  Average Respirable Benchmark Dust Production Comparison 
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Figure 8.62  Respirable Benchmark Dust Load Production Comparative 

Analysis 

 

8.18 Benchmark Respirable Dust Load Production Comparative 

 Analysis 

 

This section analyses the measured respirable dust loads for each of the identified 

sources of dust generation and compares each of the 5 mines tested to the overall 

mine average at those locations. From this analysis, it can be determined which mine 

produced the most mg/tonne with no installed engineering controls operating and 

which mine produces the least. This section also identifies the average respirable dust 

load production from all mines at these independent sources. 
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8.18.1 Mine A Respirable Dust Load Production Analysis 

 

 

Figure 8.63  Mine A Respirable Dust Production Benchmark Comparison 

 

 

Figure 8.64  Mine A Average Respirable Dust Production Difference 
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Figure 8.65  Test Average and Mine A Average Respirable Benchmark Dust 

Production 

8.18.2 Mine A Respirable Benchmark Production Discussion 

 

Figure 8.63 details the amount of respirable dust produced by Mine A during the 

cutting cycle at each location tested. This is compared to the average respirable dust 

produced at the same locations for all mines tested. Figure 8.64 shows that Mine A 

produced 48% less respirable dust at the LOC, 44% less at the belt road, 42% less at 

the BSL discharge, 51% less at the maingate, 9% more midface and 46% less than the 

average respirable dust production at the tailgate. 

 

Figure 8.65 shows that the average respirable benchmark dust production of all mines 

tested is 6% from the LOC, 6% from the belt road, 9% from the BSL discharge, 13% 

from the maingate, 30% midface and 36% in the tailgate. Mine A’s respirable 

benchmark dust production was 4% from the LOC, 5% from the belt road, 8% from 

the BSL discharge, 9% from the maingate, 46% midface and 28% in the tailgate. 
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8.18.3 Mine B Respirable Dust Load Production Analysis 

 

 

Figure 8.66  Mine B Respirable Dust Production Benchmark Comparison 

 

 

Figure 8.67  Mine B Average Respirable Dust Production Difference 
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Figure 8.68  Test Average and Mine B Average Respirable Benchmark Dust 

Production 

 

8.18.4 Mine B Respirable Benchmark Production Discussion 

 

Figure 8.66 details the amount of respirable dust produced by Mine B during the 

cutting cycle at each location tested. This is compared to the average respirable dust 

produced at the same locations for all mines tested. Figure 8.67 shows that Mine B 

produced 27% less respirable dust at the LOC, 39% less at the belt road, 42% less at 

the BSL discharge, 4% more at the maingate, 8% less midface and 35% more than the 

average respirable dust production at the tailgate. 

 

Figure 8.68 shows that the average respirable benchmark dust production of all mines 

tested is 6% from the LOC, 6% from the belt road, 9% from the BSL discharge, 13% 

from the maingate, 30% midface and 36% in the tailgate. Mine B’s respirable 

benchmark dust production was 4% from the LOC, 4% from the belt road, 5% from 

the BSL discharge, 13% from the maingate, 27% midface and 47% in the tailgate. 
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8.18.5 Mine C Respirable Dust Load Production Analysis 

 

 

Figure 8.69  Mine C Respirable Dust Production Benchmark Comparison 

 

 

Figure 8.70  Mine C Average Respirable Dust Production Difference 
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Figure 8.71  Test Average and Mine C Average Respirable Benchmark Dust 

Production 

 

8.18.6 Mine C Respirable Benchmark Production Discussion 

 

Figure 8.69 details the amount of respirable dust produced by Mine C during the 

cutting cycle at each location tested. This is compared to the average respirable dust 

produced at the same locations for all mines tested. Figure 8.70 shows that Mine C 

produced 54% less respirable dust at the LOC, 55% less at the belt road, 59% less at 

the BSL discharge, 18% less at the maingate, 7% more midface and 2% less than the 

average respirable dust production at the tailgate. 

 

Figure 8.71 shows that the average respirable benchmark dust production of all mines 

tested is 3% from the LOC, 3% from the belt road, 4% from the BSL discharge, 12% 

from the maingate, 37% midface and 41% in the tailgate. Mine C’s respirable 

benchmark dust production was 4% from the LOC, 4% from the belt road, 5% from 

the BSL discharge, 13% from the maingate, 27% midface and 47% in the tailgate. 
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8.18.7 Mine E Respirable Dust Load Production Analysis 

 

 

Figure 8.72  Mine E Respirable Dust Production Benchmark Comparison 

 

 

Figure 8.73  Mine E Average Respirable Dust Production Difference 
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Figure 8.74  Test Average and Mine E Average Respirable Benchmark Dust 

Production 

8.18.8 Mine E Respirable Benchmark Production Discussion 

 

Figure 8.72 details the amount of respirable dust produced by Mine E during the 

cutting cycle at each location tested. This is compared to the average respirable dust 

produced at the same locations for all mines tested. Figure 8.73 shows that Mine E 

produced 200% more respirable dust at the LOC, 217% more at the belt road, 231% 

more at the BSL discharge, 60% more at the maingate, and 42% less than the average 

respirable dust production at the tailgate. 

 

Figure 8.74 shows that the average respirable benchmark dust production of all mines 

tested is 6% from the LOC, 6% from the belt road, 9% from the BSL discharge, 13% 

from the maingate, 30% midface and 36% in the tailgate. Mine E’s respirable 

benchmark dust production was 15% from the LOC, 19% from the belt road, 28% 

from the BSL discharge, 19% from the maingate, and 19% in the tailgate. 

8.19 Benchmark Inhalable Dust Load Production 

 

Of the 170 inhalable samples collected, 66 of these were benchmark samples. 

Benchmark samples are defined as those samples taken with all controls turned off 

excluding pick sprays necessary to mitigate the risk of frictional ignition. These 

collected benchmark samples were analysed at each of the known sources of dust 

generation and compared to a mine respirable and inhalable dust production average, 

with this average then underpinning the average respirable dust production for each 

mine sampled, and identifying which mine produces the most mg/tonne of inhalable  
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dust during the cutting cycle. It should be noted that no benchmark inhalable samples 

were taken at Mine D. 

 

Table 8.22 details the collected inhalable dust samples undertaken for benchmark 

determination. The collected samples have been placed in mine order with the 

collected samples averaged over the amount of samples taken at the known sources of 

dust generation. These averages have then been analysed in detail. 

 

Table 8.22  Inhalable Dust Production Benchmark Samples 

 

 

Figure 8.75 details the average mg/tonne of respirable dust produced during the 

cutting cycle with no engineering controls operating at each of the known sources of 

dust generation for each of the mines sampled. The average mg/tonne was calculated 

by adding together each of the collected samples and dividing the number by the 

amount of samples collected. This average was then used to compare the average of 

each sample collected at that location for each of the 15 tests undertaken at the 5 

mines and is detailed in Figure 8.76, with Figure 8.77 showing the percentage 

difference that each mine obtained compared to the overall mine average. 

 

 

 

 

LOC Belt Road BSL Discharge Maingate Midface Tailgate Average mg/tonne

Test 1-Mine A 0.0003 0.0006 0.0005 0.0246 0.0073 0.0044

Mine A Average mg/tonne 0.0003 0.0006 0.0005 0.0246 0.0073 0.0044 0.0063

Test 2-Mine B 0.0004 0.0007 0.0000 0.0006 0.0035 0.0066

Test 6-Mine B 0.0010 0.0003 0.0004 0.0001

Test 7-Mine B 0.0008 0.0024 0.0028

Test 10-Mine B 0.0008 0.0024 0.0028

Test 11-Mine B 0.0002 0.0003 0.0003 0.0006 0.0009 0.0012

Mine B Average mg/tonne 0.0006 0.0004 0.0002 0.0006 0.0023 0.0034 0.0012

Test 3-Mine C 0.0002 0.0001 0.0003 0.0003 0.0008 0.0020

Test 4-Mine C 0.0001 0.0001 0.0003 0.0004 0.0003 0.0017

Test 5-Mine C 0.0005 0.0005 0.0004 0.0033 0.0021 0.0041

Test 13-Mine C 0.0000 0.0000 0.0006 0.0004 0.0028

Test 14-Mine C 0.0000 0.0000 0.0005 0.0007 0.0031

Mine C Average mg/tonne 0.0002 0.0002 0.0004 0.0010 0.0011 0.0028 0.0009

Test 8-Mine D

Test 9-Mine D

Mine D Average mg/tonne

Test 12-Mine E 0.0005 0.0004 0.0001 0.0002 0.0006

Test 15-Mine E 0.0005 0.0004 0.0001 0.0002 0.0006

Mine E Average mg/tonne 0.0005 0.0004 0.0001 0.0002 0.0006 0.0004
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Figure 8.75  Mine Average Inhalable Benchmark Dust Production 

 

 

Figure 8.76  Average Inhalable Benchmark Dust Production Comparison 
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Figure 8.77  Inhalable Benchmark Dust Load Production Comparative Analysis 

8.20 Benchmark Inhalable Dust Load Production Comparative 

 Analysis 

 

This section analyses the measured inhalable dust loads for each of the identified 

sources of dust generation and compares each of the 5 mines tested to the overall 

mine average at those locations. From this analysis, it can be determined which mine 

produced the least mg/tonne with no installed engineering controls operating and 

which mine produces the most. This section also identifies the average respirable dust 

load production from all mines at these independent sources. 

 

 

 

 

 

 

 

 

 

 



CHAPTER EIGHT 

Data Analysis and Discussion

 

288 

 

 

8.20.1 Mine A Inhalable Dust Load Production Analysis 

 

 

Figure 8.78  Mine A Inhalable Dust Production Benchmark Comparison 

 

 

Figure 8.79  Mine A Average Inhalable Dust Production Difference 

 

 

 

 

 



CHAPTER EIGHT 

Data Analysis and Discussion

 

289 

 

 

 

Figure 8.80  Test Average and Mine A Average Inhalable Benchmark Dust 

Production 

 

8.20.2 Mine A Inhalable Benchmark Production Discussion 

 

Figure 8.78 details the amount of inhalable dust produced by Mine A during the 

cutting cycle at each location tested. This is compared to the average inhalable dust 

produced at the same locations for all mines tested. Figure 8.79 shows that Mine A 

produced 28% less inhalable dust at the LOC, 59% more at the belt road, 48% more at 

the BSL discharge, 667% more at the maingate, 149% more midface and 43% more 

than the average inhalable dust production at the tailgate. 

 

Figure 8.80 shows that the average inhalable benchmark dust production of all mines 

tested is 4% from the LOC, 4% from the belt road, 3% from the BSL discharge, 31% 

from the maingate, 28% midface and 30% in the tailgate. Mine A’s inhalable 

benchmark dust production was 1% from the LOC, 2% from the belt road, 1% from 

the BSL discharge, 65% from the maingate, 19% midface and 12% in the tailgate. 
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8.20.3  Mine B Inhalable Dust Load Production Analysis 

 

 

Figure 8.81  Mine B Inhalable Dust Production Benchmark Comparison 

 

 

Figure 8.82  Mine B Average Inhalable Dust Production Difference 
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Figure 8.83  Test Average and Mine B Average Inhalable Benchmark Dust 

Production 

 

8.20.4 Mine B Inhalable Benchmark Production Discussion 

 

Figure 8.81 details the amount of inhalable dust produced by Mine B during the 

cutting cycle at each location tested. This is compared to the average inhalable dust 

produced at the same locations for all mines tested. Figure 8.82 shows that Mine B 

produced 33% more inhalable dust at the LOC, 11% more at the belt road, 31% less at 

the BSL discharge, 81% less at the maingate, 21% less midface and 9% more than the 

average inhalable dust production at the tailgate. 

 

Figure 8.83 shows that the average inhalable benchmark dust production of all mines 

tested is 4% from the LOC, 4% from the belt road, 3% from the BSL discharge, 31% 

from the maingate, 28% midface and 30% in the tailgate. Mine B’s inhalable 

benchmark dust production was 7% from the LOC, 6% from the belt road, 3% from 

the BSL discharge, 8% from the maingate, 31% midface and 45% in the tailgate. 
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8.20.5 Mine C Inhalable Dust Load Production Analysis 

 

 

Figure 8.84  Mine C Inhalable Dust Production Benchmark Comparison 

 

 

Figure 8.85  Mine B Average Inhalable Dust Production Difference 
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Figure 8.86  Test Average and Mine C Average Inhalable Benchmark Dust 

Production 

 

8.20.6 Mine C Inhalable Benchmark Production Discussion 

 

Figure 8.84 details the amount of inhalable dust produced by Mine C during the 

cutting cycle at each location tested. This is compared to the average inhalable dust 

produced at the same locations for all mines tested. Figure 8.85 shows that Mine C 

produced 59% less inhalable dust at the LOC, 60% less at the belt road, 18% more at 

the BSL discharge, 68% less at the maingate, 64% less midface and 11% less than the 

average inhalable dust production at the tailgate. 

 

Figure 8.86 shows that the average inhalable benchmark dust production of all mines 

tested is 4% from the LOC, 4% from the belt road, 3% from the BSL discharge, 31% 

from the maingate, 28% midface and 30% in the tailgate. Mine B’s inhalable 

benchmark dust production was 3% from the LOC, 3% from the belt road, 7% from 

the BSL discharge, 18% from the maingate, 19% midface and 50% in the tailgate. 
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8.20.7 Mine E Inhalable Dust Load Production Analysis 

 

 

Figure 8.87  Mine E Inhalable Dust Production Benchmark Comparison 

 

 

Figure 8.88  Mine E Average Inhalable Dust Production Difference 
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Figure 8.89  Test Average and Mine E Average Inhalable Benchmark Dust 

Production 

8.20.8 Mine E Inhalable Benchmark Production Discussion 

 

Figure 8.87 details the amount of inhalable dust produced by Mine E during the 

cutting cycle at each location tested. This is compared to the average inhalable dust 

produced at the same locations for all mines tested. Figure 8.88 shows that Mine E 

produced 20% more inhalable dust at the LOC, 20% more at the belt road, 63% less at 

the BSL discharge, 94% less at the maingate, and 82% less than the average inhalable 

dust production at the tailgate. 

 

Figure 8.89 shows that the average inhalable benchmark dust production of all mines 

tested is 4% from the LOC, 4% from the belt road, 3% from the BSL discharge, 31% 

from the maingate, 28% midface and 30% in the tailgate. Mine E’s inhalable 

benchmark dust production was 27% from the LOC, 25% from the belt road, 7% from 

the BSL discharge, 11% from the maingate and 30% in the tailgate. 
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8.21 DME Respirable Dust 

 

Of the 190 respirable samples collected, 124 of these were DME samples. DME 

samples are defined as those samples taken with all installed engineering controls 

operating. These collected DME samples were analysed at each of the known sources 

of dust generation and compared to a mine respirable DME average, with this average 

then underpinning the average respirable DME for each mine sampled, and 

identifying which mine produces the least mg/tonne of respirable dust during the 

cutting cycle. 

 

Table 8.23 summarises the collected respirable dust samples undertaken for DME 

determination. The collected samples have been placed in mine order with the 

collected samples averaged over the amount of samples taken at the known sources of 

dust generation. These averages have then been analysed in detail. 

 

Table 8.23  Respirable DME Samples 

 

 

 

 

LOC Belt Road BSL Discharge Maingate Midface Tailgate Average mg/tonne

Test 1-Mine A 0.0001 0.0001 0.0001 0.0001 0.0005 0.0009

Mine A Average mg/tonne 0.0001 0.0001 0.0001 0.0001 0.0005 0.0009 0.0003

Test 2-Mine B 0.0001 0.0014 0.0001 0.0001 0.0006 0.0000

Test 6-Mine B 0.0002 0.0002 0.0002 0.0002

Test 7-Mine B 0.0007 0.0012 0.0017

Test 10-Mine B 0.0007 0.0013 0.0014

Test 11-Mine B 0.0001 0.0001 0.0001 0.0003 0.0008 0.0013

Mine B Average mg/tonne 0.0001 0.0005 0.0001 0.0004 0.0010 0.0011 0.0006

Test 3-Mine C 0.0000 0.0001 0.0000 0.0001 0.0008 0.0012

Test 4-Mine C 0.0001 0.0005 0.0001 0.0001 0.0006 0.0009

Test 5-Mine C 0.0001 0.0001 0.0002 0.0007 0.0011 0.0015

Test 13-Mine C 0.0000 0.0000 0.0001 0.0002 0.0008

Test 14-Mine C 0.0000 0.0000 0.0001 0.0002 0.0009

Mine C Average mg/tonne 0.0001 0.0001 0.0001 0.0002 0.0008 0.0010 0.0004

Test 8-Mine D 0.0001 0.0004 0.0003 0.0005 0.0010 0.0018

Test 9-Mine D 0.0001 0.0004 0.0003 0.0006 0.0010 0.0019

Mine D Average mg/tonne 0.0001 0.0002 0.0002 0.0003 0.0006 0.0011 0.0004

Test 12-Mine E 0.0006 0.0002 0.0004 0.0003 0.0006

Test 15-Mine E 0.0003 0.0002 0.0001 0.0008 0.0001

Mine E Average mg/tonne 0.0004 0.0002 0.0002 0.0005 0.0003 0.0003
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Figure 8.90 details the average mg/tonne of respirable dust produced during the 

cutting cycle with no engineering controls operating at each of the known sources of 

dust generation for each of the mines sampled. The average mg/tonne was calculated 

by adding together each of the collected samples and dividing the number by the 

amount of samples collected. This average was then used to compare the average of 

each sample collected at that location for each of the 15 tests undertaken at the 5 

mines and is detailed in Figure 8.91, with Figure 8.92 showing the percentage 

difference that each mine obtained compared to the overall mine average. 

 

 

Figure 8.90  Mine Average Respirable Dust Production Controls On 
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Figure 8.91  Average Respirable Dust Production Comparison Controls On 

 

 
Figure 8.92  Respirable Average DME Comparative Analysis 
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8.22  Respirable DME Comparative Analysis 

 

This section analyses the measured respirable DME for each of the identified sources 

of dust generation and compares each of the 5 mines tested to the overall mine 

average at those locations. From this analysis, it can be determined which mine has 

the highest DME for installed engineering controls. 

8.22.1  Mine A Respirable Dust Load Production Analysis 

 

 

Figure 8.93  Mine A Respirable Dust Production Comparison Controls On 

 

 

Figure 8.94  Mine A Average Respirable DME 
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Figure 8.95  Test Average and Mine A Average Respirable Dust Production 

Controls On 

 

8.22.2 Mine A Respirable Dust Production Discussion Controls On 

 

Figure 8.93 details the amount of respirable dust produced by Mine A during the 

cutting cycle at each location tested. This is compared to the average respirable dust 

produced at the same locations for all mines tested. Figure 8.94 shows that Mine A, 

with installed engineering controls operating, produced 62% less respirable dust at the 

LOC, 78% less at the belt road, 43% less at the BSL discharge, 71% less at the 

maingate, 51% less midface and 28% less than the average respirable dust production 

at the tailgate. 

 

Figure 8.95 shows that the average respirable DME of all mines tested is 5% from the 

LOC, 9% from the belt road, 6% from the BSL discharge, 12% from the maingate, 

32% midface and 36% in the tailgate. Mine A’s respirable DME was 4% from the 

LOC, 4% from the belt road, 6% from the BSL discharge, 7% from the maingate, 

30% midface and 49% in the tailgate. 

 

 

 

 

 

 

 

 



CHAPTER EIGHT 

Data Analysis and Discussion

 

301 

 

 

8.22.3  Mine B Respirable Dust Load Production Analysis 

 

 

Figure 8.96  Mine B Respirable Dust Production Comparison Controls On 

 

 

Figure 8.97  Mine B Average Respirable DME 
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Figure 8.98  Test Average and Mine B Average Respirable Dust Production 

Controls On 

 

8.22.4 Mine B Respirable Dust Production Discussion Controls On 

 

Figure 8.86 details the amount of respirable dust produced by Mine B during the 

cutting cycle at each location tested. This is compared to the average respirable dust 

produced at the same locations for all mines tested. Figure 8.87 shows that Mine B, 

with installed engineering controls operating, produced 19% less respirable dust at the 

LOC, 70% more at the belt road, 23% less at the BSL discharge, 6% less at the 

maingate, 13% less midface and 10% less than the average respirable dust production 

at the tailgate. 

 

Figure 8.88 shows that the average respirable dust production with installed 

engineering controls operating of all mines tested is 5% from the LOC, 9% from the 

belt road, 6% from the BSL discharge, 12% from the maingate, 32% midface and 

36% in the tailgate. Mine B’s respirable dust production with installed engineering 

controls operating was 4% from the LOC, 16% from the belt road, 5% from the BSL 

discharge, 12% from the maingate, 29% midface and 34% in the tailgate. 
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8.22.5  Mine C Respirable Dust Load Production Analysis 

 

 

Figure 8.99  Mine C Respirable Dust Production Comparison Controls On 

 

 

Figure 8.100  Mine B Average Respirable DME 
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Figure 8.101  Test Average and Mine C Average Respirable Dust Production 

Controls On 

8.22.6 Mine C Respirable Dust Production Discussion Controls On 

 

Figure 8.99 details the amount of respirable dust produced by Mine C during the 

cutting cycle at each location tested. This is compared to the average respirable dust 

produced at the same locations for all mines tested. Figure 8.100 shows that Mine C, 

with installed engineering controls operating, produced 61% less respirable dust at the 

LOC, 54% less at the belt road, 45% less at the BSL discharge, 43% less at the 

maingate, 26% less midface and 17% less than the average respirable dust production 

at the tailgate. 

 

Figure 8.101 shows that the average respirable dust production with installed 

engineering controls operating of all mines tested is 5% from the LOC, 9% from the 

belt road, 6% from the BSL discharge, 12% from the maingate, 32% midface and 

36% in the tailgate. Mine C’s respirable dust production with installed engineering 

controls operating was 3% from the LOC, 6% from the belt road, 4% from the BSL 

discharge, 10% from the maingate, 34% midface and 43% in the tailgate. 
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8.22.7  Mine D Respirable Dust Load Production Analysis 

 

 

Figure 8.102  Mine D Respirable Dust Production Comparison Controls On 

 

 

Figure 8.103  Mine D Average Respirable DME 

 

 

 

 

 



CHAPTER EIGHT 

Data Analysis and Discussion

 

306 

 

 

 

Figure 8.104  Test Average and Mine D Average Respirable Dust Production 

Controls On 

8.22.8 Mine D Respirable Dust Production Discussion Controls On 

 

Figure 8.102 details the amount of respirable dust produced by Mine D during the 

cutting cycle at each location tested. This is compared to the average respirable dust 

produced at the same locations for all mines tested. Figure 8.103 shows that Mine D, 

with installed engineering controls operating, produced 68% less respirable dust at the 

LOC, 43% less at the belt road, 20% less at the BSL discharge, 27% less at the 

maingate, 49% less midface and 9% less than the average respirable dust production 

at the tailgate. 

 

Figure 8.104 shows that the average respirable dust production with installed 

engineering controls operating of all mines tested is 5% from the LOC, 9% from the 

belt road, 6% from the BSL discharge, 12% from the maingate, 32% midface and 

36% in the tailgate. Mine D’s respirable dust production with installed engineering 

controls operating was 2% from the LOC, 8% from the belt road, 6% from the BSL 

discharge, 13% from the maingate, 24% midface and 47% in the tailgate. 
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8.22.9 Mine E Respirable Dust Load Production Analysis 

 

 

Figure 8.105  Mine E Respirable Dust Production Comparison Controls On 

 

 

Figure 8.106  Mine E Average Respirable DME 
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Figure 8.107  Test Average and Mine E Average Respirable Dust Production 

Controls On 

 

8.22.10 Mine E Respirable Dust Production Discussion Controls On 

 

Figure 8.105 details the amount of respirable dust produced by Mine E during the 

cutting cycle at each location tested. This is compared to the average respirable dust 

produced at the same locations for all mines tested. Figure 8.106 shows that Mine E, 

with installed engineering controls operating, produced 166% more respirable dust at 

the LOC, 44% less at the belt road, 22% more at the BSL discharge, 22% more at the 

maingate and 74% less than the average respirable dust production at the tailgate. 

 

Figure 8.107 shows that the average respirable dust production with installed 

engineering controls operating of all mines tested is 5% from the LOC, 9% from the 

belt road, 6% from the BSL discharge, 12% from the maingate, 32% midface and 

36% in the tailgate. Mine E’s respirable dust production with installed engineering 

controls operating was 26% from the LOC, 10% from the belt road, 14% from the 

BSL discharge, 31% from the maingate, and 19% in the tailgate. 
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8.23 DME Inhalable Dust 

 

Of the 170 inhalable samples collected, 104 of these were DME samples.  DME 

samples are defined as those samples taken with all installed engineering controls 

operating. These collected DME samples were analysed at each of the known sources 

of dust generation and compared to a mine inhalable DME average, with this average 

then underpinning the average DME for each mine sampled, and identifying which 

mine produces the least mg/tonne of inhalable dust during the cutting cycle. It should 

be noted that no inhalable samples were taken at Mine D. 

 

Table 8.24 summarises the collected inhalable dust samples undertaken for DME 

determination. The collected samples have been placed in mine order with the 

collected samples averaged over the amount of samples taken at the known sources of 

dust generation. These averages have then been analysed in detail. 

 

Table 8.24  Inhalable Dust Production DME Samples 

 

 

 

LOC Belt Road BSL Discharge Maingate Midface Tailgate Average mg/tonne

Test 1-Mine A 0.0005 0.0004 0.0033 0.0027 0.0099 0.0158

Mine A Average mg/tonne 0.0005 0.0004 0.0033 0.0027 0.0099 0.0158 0.0054

Test 2-Mine B 0.0002 0.0002 0.0003 0.0003 0.0082 0.0056

Test 6-Mine B 0.0010 0.0004 0.0007 0.0003

Test 7-Mine B 0.0011 0.0039 0.0041

Test 10-Mine B 0.0010 0.0012 0.0021

Test 11-Mine B 0.0002 0.0003 0.0004 0.0007 0.0013 0.0014

Mine B Average mg/tonne 0.0005 0.0003 0.0005 0.0007 0.0036 0.0033 0.0015

Test 3-Mine C 0.0004 0.0002 0.0004 0.0006 0.0040 0.0032

Test 4-Mine C 0.0004 0.0005 0.0005 0.0010 0.0022 0.0049

Test 5-Mine C 0.0008 0.0006 0.0014 0.0014 0.0021 0.0025

Test 13-Mine C 0.0001 0.0001 0.0005 0.0005

Test 14-Mine C 0.0001 0.0001 0.0004 0.0004 0.0028

Mine C Average mg/tonne 0.0004 0.0003 0.0006 0.0008 0.0028 0.0034 0.0014

Test 8-Mine D

Test 9-Mine D

Mine D Average mg/tonne

Test 12-Mine E 0.0005 0.0002 0.0006 0.0008 0.0009

Test 15-Mine E 0.0001 0.0005 0.0007 0.0005 0.0027

Mine E Average mg/tonne 0.0003 0.0004 0.0006 0.0006 0.0018 0.0007
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Figure 8.108 details the average mg/tonne of respirable dust produced during the 

cutting cycle with no engineering controls operating at each of the known sources of 

dust generation for each of the mines sampled. The average mg/tonne was calculated 

by adding together each of the collected samples and dividing the number by the 

amount of samples collected. This average was then used to compare the average of 

each sample collected at that location for each of the 15 tests undertaken at the 5 

mines and is detailed in Figure 8.109, with Figure 8.110 showing the percentage 

difference that each mine obtained compared to the overall mine average. 

 

 

Figure 8.108  Mine Average Inhalable Dust Production Controls On 
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Figure 8.109  Average Inhalable Benchmark Dust Production Comparison 

 

 
Figure 8.110  Inhalable Average DME Comparative Analysis 
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8.24 Inhalable DME Comparative Analysis 

 

This section analyses the measured inhalable dust loads for each of the identified 

sources of dust generation and compares each of the 5 mines tested to the overall 

mine average at those locations. From this analysis, it can be determined which mine 

produced the least mg/tonne with installed engineering controls operating. 

8.24.1 Mine A Inhalable Dust Load Production Analysis 

 

 

Figure 8.111  Mine A Inhalable Dust Production Comparison Controls On 

 

 

Figure 8.112  Mine A Average Inhalable DME 

 



CHAPTER EIGHT 

Data Analysis and Discussion

 

313 

 

 

 

Figure 8.113  Test Average and Mine A Average Inhalable Dust Production 

Controls On 

8.24.2 Mine A Inhalable Dust Production Discussion 

 

Figure 8.111 details the amount of inhalable dust produced by Mine A during the 

cutting cycle at each location tested with installed engineering controls operating. 

This is compared to the average inhalable dust produced at the same locations for all 

mines tested. Figure 8.112 shows that Mine A produced 28% more inhalable dust at 

the LOC, 27% more at the belt road, 295% more at the BSL discharge, 211% more at 

the maingate, 142% more midface and 278% more than the average inhalable dust 

production at the tailgate. 

 

Figure 8.113 shows that the average inhalable dust production with installed 

engineering controls operating of all mines tested is 4% from the LOC, 3% from the 

belt road, 8% from the BSL discharge, 8% from the maingate, 38% midface and 39% 

in the tailgate. Mine A’s inhalable dust production with all installed engineering 

controls operating was 2% from the LOC, 1% from the belt road, 10% from the BSL 

discharge, 8% from the maingate, 30% midface and 49% in the tailgate. 
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8.24.3 Mine B Inhalable Dust Load Production Analysis 

 

 

Figure 8.114  Mine B Inhalable Dust Production Comparison Controls On 

 

 

Figure 8.115  Mine B Average Inhalable DME 
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Figure 8.116  Test Average and Mine B Average Inhalable Dust Production 

Controls On 

 

8.24.4 Mine B Inhalable Dust Production Discussion 

 

Figure 8.114 details the amount of inhalable dust produced by Mine B during the 

cutting cycle at each location tested with installed engineering controls operating. 

This is compared to the average inhalable dust produced at the same locations for all 

mines tested. Figure 8.115 shows that Mine B produced 23% more inhalable dust at 

the LOC, 1% less at the belt road, 43% less at the BSL discharge, 22% less at the 

maingate, 11% less midface and 21% less than the average inhalable dust production 

at the tailgate. 

 

Figure 8.116 shows that the average inhalable dust production with installed 

engineering controls operating of all mines tested is 4% from the LOC, 3% from the 

belt road, 8% from the BSL discharge, 8% from the maingate, 38% midface and 39% 

in the tailgate. Mine B’s inhalable dust production with all installed engineering 

controls operating was 5% from the LOC, 4% from the belt road, 5% from the BSL 

discharge, 8% from the maingate, 41% midface and 37% in the tailgate. 
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8.24.5 Mine C Inhalable Dust Load Production Analysis 

 

 

Figure 8.117  Mine C Inhalable Dust Production Comparison Controls On 

 

 

Figure 8.118  Mine C Average Inhalable DME 
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Figure 8.119  Test Average and Mine C Average Inhalable Dust Production 

Controls On 

8.24.6 Mine C Inhalable Dust Production Discussion 

 

Figure 8.117 details the amount of inhalable dust produced by Mine C during the 

cutting cycle at each location tested with installed engineering controls operating. 

This is compared to the average inhalable dust produced at the same locations for all 

mines tested. Figure 8.118 shows that Mine C produced 10% less inhalable dust at the 

LOC, 8% less at the belt road, 25% less at the BSL discharge, 10% less at the 

maingate, 32% less midface and 19% less than the average inhalable dust production 

at the tailgate. 

 

Figure 8.119 shows that the average inhalable dust production with installed 

engineering controls operating of all mines tested is 4% from the LOC, 3% from the 

belt road, 8% from the BSL discharge, 8% from the maingate, 38% midface and 39% 

in the tailgate. Mine C’s inhalable dust production with all installed engineering 

controls operating was 4% from the LOC, 4% from the belt road, 8% from the BSL 

discharge, 9% from the maingate, 34% midface and 41% in the tailgate. 
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8.24.7 Mine E Inhalable Dust Load Production Analysis 

 

 

Figure 8.120  Mine E Inhalable Dust Production Comparison Controls On 

 

 

Figure 8.121  Mine E Average Inhalable DME 
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Figure 8.122  Test Average and Mine E Average Inhalable Dust Production 

Controls On 

 

8.24.8 Mine E Inhalable Dust Production Discussion 

 

Figure 8.120 details the amount of inhalable dust produced by Mine E during the 

cutting cycle at each location tested with installed engineering controls operating. 

This is compared to the average inhalable dust produced at the same locations for all 

mines tested. Figure 8.121 shows that Mine E produced 23% less inhalable dust at the 

LOC, 8% more at the belt road, 22% less at the BSL discharge, 26% less at the 

maingate, and 58% less than the average inhalable dust production at the tailgate. 

 

Figure 8.122 shows that the average inhalable dust production with installed 

engineering controls operating of all mines tested is 4% from the LOC, 3% from the 

belt road, 8% from the BSL discharge, 8% from the maingate, 38% midface and 39% 

in the tailgate. Mine E’s inhalable dust production with all installed engineering 

controls operating was 8% from the LOC, 8% from the belt road, 18% from the BSL 

discharge, 17% from the maingate, and 48% in the tailgate. 
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9. CHAPTER NINE - BEST PRACTICE FOR LONGWALL 

DUST MITIGATION 
 

9.1 Introduction 

 

The application of the DME model to measure respirable and inhalable dust load 

production at independent sources of dust generation on an operating longwall has 

also been successful in quantifying the installed engineering controls that are the most 

efficient at mitigating this produced dust at each of these independent sources of dust 

generation. 

 

By applying the most efficient control quantified at each of these sources of dust 

generation, an operating longwall can maximise dust mitigation which will not only 

ensure statutory compliance to dust regulations, but will provide the healthiest and 

safest working environment for workers on the longwall. 

 

This chapter will identify the most efficient engineering controls at the LOC, belt 

road, BSL discharge, maingate and on the face, thus providing quantified parameters 

for operators to integrate into their existing longwall operations which will maximise 

the amount of respirable and inhalable dust mitigated during the cutting cycle. 

9.2 Parametric Configuration for LOC 

 

The LOC is contaminated by travel road and outbye dust brought into the longwall on 

the intake ventilation. This section identifies the mine that produces the least amount 

of respirable and inhalable dust coming in to the longwall on the intake ventilation 

and details the installed engineering controls that have been the most efficient at 

removing this produced dust. 
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9.2.1 LOC Respirable Dust Production Controls On 

 

Table 9.1  LOC Average Respirable Dust Production Controls On 

 
LOC Ventilation 

Test 1-Mine A 0.0000635  

Mine A Average mg/tonne 0.0000635 45m3/sec 

  
 

Test 2-Mine B 0.0000773  

Test 6-Mine B 0.0002154  

Test 7-Mine B 
 

 

Test 10-Mine B 
 

 

Test 11-Mine B 0.0001154  

Mine B Average mg/tonne 0.0001360 35m
3
/sec 

  
 

Test 3-Mine C 0.0000364  

Test 4-Mine C 0.0000537  

Test 5-Mine C 0.0001462  

Test 13-Mine C 0.0000417  

Test 14-Mine C 0.0000483  

Mine C Average mg/tonne 0.0000652 38m3/sec 

  
 

Test 8-Mine D 0.0000867  

Test 9-Mine D 0.0000667  

Mine D Average mg/tonne 0.0000534 65m3/sec 

  
 

Test 12-Mine E 0.0005640  

Test 15-Mine E 0.0003264  

Mine E Average mg/tonne 0.0004452 35m3/sec 

 

 

Figure 9.1  LOC Respirable Dust Production Controls On 
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9.2.2 LOC Respirable Dust Production Discussion 

 

Table 9.1 and Figure 9.1 detail the average respirable dust measured at the LOC with 

installed engineering controls operating. Mine D produces the lowest mg/tonne during 

the cutting cycle. The amount of respirable dust measured indicates that the outbye 

roadways do not produce dust during vehicle movements and this is due to the road 

into the longwall panel being continually wet. The respirable measurement also 

indicates that outbye support work is minimal. 

9.2.3 LOC Inhalable Dust Production Controls On 

 

Table 9.2  LOC Inhalable Dust Production Controls On 

 
LOC Ventilation 

Test 1-Mine A 0.0005025  

Mine A Average mg/tonne 0.0005025 45m3/sec 

  
 

Test 2-Mine B 0.0002040  

Test 6-Mine B 0.0010000  

Test 7-Mine B 
 

 

Test 10-Mine B 
 

 

Test 11-Mine B 0.0002462  

Mine B Average mg/tonne 0.0004834 35m3/sec 

  
 

Test 3-Mine C 0.0004013  

Test 4-Mine C 0.0003584  

Test 5-Mine C 0.0007692  

Test 13-Mine C 0.0000833  

Test 14-Mine C 0.0001467  

Mine C Average mg/tonne 0.0003518 38m3/sec 

  
 

Test 8-Mine D 
 

 

Test 9-Mine D 
 

 

Mine D Average mg/tonne 
 

65m3/sec 

  
 

Test 12-Mine E 0.0004655  

Test 15-Mine E 0.0001354  

Mine E Average mg/tonne 0.0003004 35m
3
/sec 
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Figure 9.2  LOC Inhalable Dust Production Controls On 

 

9.2.4 LOC Inhalable Dust Production Discussion 

 

Table 9.2 and Figure 9.2 detail the average inhalable dust measured at the LOC with 

installed engineering controls operating. Mine E produces the lowest mg/tonne during 

the cutting cycle. The amount of inhalable dust measured indicates that the outbye 

roadways do not produce dust during vehicle movements and this is due to the road 

into the longwall panel being continually wet. The inhalable measurement also 

indicates that outbye support work is minimal. 

9.3 Parametric Configuration of the Belt Road 

 

The belt road is contaminated by outbye dust generated by coal transported on the 

outbye belt brought into the longwall on the intake ventilation. This section identifies 

the mine that produces the least amount of respirable and inhalable dust coming in to 

the longwall on the intake ventilation and details the installed engineering controls 

that have been the most efficient at removing this produced dust. 
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9.3.1 Belt Road Respirable Dust Production Controls On 

 

Table 9.3  Belt Road Average Respirable Dust Production Controls On 

 Belt Road Ventilation 

Test 1-Mine A 0.0000710  

Mine A Average 

mg/tonne 0.0000710 45m3/sec 

   

Test 2-Mine B 0.0013973  

Test 6-Mine B 0.0001538  

Test 7-Mine B   

Test 10-Mine B   

Test 11-Mine B 0.0000769  

Mine B Average 

mg/tonne 0.0005427 35m
3
/sec 

   

Test 3-Mine C 0.0000545  

Test 4-Mine C 0.0004615  

Test 5-Mine C 0.0001333  

Test 13-Mine C 0.0000417  

Test 14-Mine C 0.0000375  

Mine C Average 

mg/tonne 0.0001457 38m3/sec 

   

Test 8-Mine D 0.0003533  

Test 9-Mine D 0.0003733  

Mine D Average 

mg/tonne 0.0001820 65m3/sec 

   

Test 12-Mine E 0.0001522  

Test 15-Mine E 0.0002070  

Mine E Average 

mg/tonne 0.0001796 35m3/sec 
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Figure 9.3  Belt Road Respirable Dust Production Controls On 

 

9.3.2 Belt Road Respirable Dust Production Discussion 

 

Table 9.3 and Figure 9.3 detail the average respirable dust measured at the belt road 

with installed engineering controls operating. Mine A produces the lowest mg/tonne 

during the cutting cycle. The amount of respirable dust measured indicates that the 

belt road produces the least amount of dust during coal transportation and this is due 

to the coal being continually wet. 

9.3.3 Belt Road Inhalable Dust Production Controls On 

 

Table 9.4  Belt Road Inhalable Dust Production Controls On 

 
LOC Ventilation 

Test 1-Mine A 0.0004110  

Mine A Average mg/tonne 0.0004110 45m
3
/sec 

 
  

Test 2-Mine B 0.0002240  

Test 6-Mine B 0.0004154  

Test 7-Mine B   

Test 10-Mine B   

Test 11-Mine B 0.0003231  

Mine B Average mg/tonne 0.0003208 35m3/sec 

 
  

Test 3-Mine C 0.0002131  

Test 4-Mine C 0.0004666  

Test 5-Mine C 0.0006308  

Test 13-Mine C 0.0000917  
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Test 14-Mine C 0.0000867  

Mine C Average mg/tonne 0.0002978 38m
3
/sec 

 
  

Test 8-Mine D   

Test 9-Mine D   

Mine D Average mg/tonne  65m3/sec 

 
  

Test 12-Mine E 0.0001522  

Test 15-Mine E 0.0005494  

Mine E Average mg/tonne 0.0003508 35m
3
/sec 

 

 

 
Figure 9.4  Belt Road Inhalable Dust Production Controls On 

 

9.3.4 Belt Road Inhalable Dust Production Discussion 

 

Table 9.4 and Figure 9.4 detail the average inhalable dust measured at the belt road 

with installed engineering controls operating. Mine C produces the lowest mg/tonne 

during the cutting cycle. The amount of respirable dust measured indicates that the 

belt road produces the least amount of dust during coal transportation and this is due 

to the coal being continually wet. 

9.4 Parametric Configuration of the BSL Discharge 

 

Inbye of the BSL discharge measures the amount of respirable and inhalable dust 

produced by coal discharging on to the outbye belt and then brought into the longwall 

on the intake ventilation. This section identifies the mine that produces the least 

amount of respirable and inhalable dust coming in to the maingate from the BSL 
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discharge and details the installed engineering controls that have been the most 

efficient at removing this produced dust. 

9.4.1 BSL Discharge Respirable Dust Production Controls On 

 

Table 9.5  BSL Discharge Average Respirable Dust Production Controls On 

 BSL Discharge Ventilation 

Test 1-Mine A 0.0001095  

Mine A Average 

mg/tonne 0.0001095 45m3/sec 

   

Test 2-Mine B 0.0001320  

Test 6-Mine B 0.0002154  

Test 7-Mine B   

Test 10-Mine B   

Test 11-Mine B 0.0000923  

Mine B Average 

mg/tonne 0.0001466 35m3/sec 

   

Test 3-Mine C 0.0000455  

Test 4-Mine C 0.0000870  

Test 5-Mine C 0.0002000  

Test 13-Mine C 0.0001000  

Test 14-Mine C 0.0000908  

Mine C Average 

mg/tonne 0.0001046 38m3/sec 

   

Test 8-Mine D 0.0002533  

Test 9-Mine D 0.0003133  

Mine D Average 

mg/tonne 0.0001524 65m3/sec 

   

Test 12-Mine E 0.0004118  

Test 15-Mine E 0.0000557  

Mine E Average 

mg/tonne 0.0002338 35m3/sec 
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Figure 9.5  BSL Discharge Respirable Dust Production Controls On 

 

9.4.2 BSL Discharge Respirable Dust Production Discussion 

 

Table 9.5 and Figure 9.5 detail the average respirable dust measured inbye of the BSL 

discharge with installed engineering controls operating. Mine C produces the lowest 

mg/tonne during the cutting cycle. The amount of respirable dust measured indicates 

that the installed engineering controls operating at Mine C are the most efficient at 

mitigating produced respirable dust. 

9.4.3 BSL Discharge Installed Engineering Controls at Mine C for 

Respirable Dust 

 

Mine C has been identified as producing the least amount of respirable dust from the 

BSL discharge. All mines have installed engineering controls at the BSL discharge 

and testing has quantified that those controls installed at Mine C are the most efficient 

at mitigating respirable dust. Table 9.6 details the installed engineering controls at 

Mine C on the BSL discharge. 
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Table 9.6  BSL Discharge Installed Engineering Controls at Mine C for 

Respirable Dust 

BSL discharge  

Number of sprays in BSL discharge 3 

Type V-Spray 

Spray Diameter 4mm 

Water Pressure 1200kPa 

Water Flow 45lpm 

Scrubber installed drawing from discharge  

 

9.4.4 BSL Discharge Inhalable Dust Production Controls On 

 

Table 9.7  BSL Discharge Inhalable Dust Production Controls On 

 
BSL Discharge Ventilation 

Test 1-Mine A 0.0032675  

Mine A Average mg/tonne 0.0032675 45m3/sec 

 
  

Test 2-Mine B 0.0003467  

Test 6-Mine B 0.0007077  

Test 7-Mine B   

Test 10-Mine B   

Test 11-Mine B 0.0003615  

Mine B Average mg/tonne 0.0004720 35m3/sec 

 
  

Test 3-Mine C 0.0003515  

Test 4-Mine C 0.0005239  

Test 5-Mine C 0.0014333  

Test 13-Mine C 0.0004500  

Test 14-Mine C 0.0003642  

Mine C Average mg/tonne 0.0006246 38m3/sec 

 
  

Test 8-Mine D   

Test 9-Mine D   

Mine D Average mg/tonne  65m3/sec 

 
  

Test 12-Mine E 0.0005909  

Test 15-Mine E 0.0007086  

Mine E Average mg/tonne 0.0006497 35m3/sec 
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Figure 9.6  BSL Discharge Inhalable Dust Production Controls On 

 

9.4.5 BSL Discharge Inhalable Dust Production Discussion 

 

Table 9.7 and Figure 9.6 detail the average inhalable dust measured inbye of the BSL 

discharge with installed engineering controls operating. Mine B produces the lowest 

mg/tonne during the cutting cycle. The amount of respirable dust measured indicates 

that the installed engineering controls operating at Mine B are the most efficient at 

mitigating produced respirable dust. 

9.4.6 BSL Discharge Installed Engineering Controls at Mine B for 

Inhalable Dust 

 

Mine B has been identified as producing the least amount of inhalable dust from the 

BSL discharge. All mines have installed engineering controls at the BSL discharge 

and testing has quantified that those controls installed at Mine B are the most efficient 

at mitigating inhalable dust. Figure 9.8 details the installed engineering controls at 

Mine B on the BSL discharge. 
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Table 9.8  BSL Discharge Installed Engineering Controls at Mine B for Inhalable 

Dust 

BSL discharge  

Number of sprays in BSL discharge 3 

Type Hollow Cone 

Spray Diameter 6mm 

Water Pressure 15Bar 

Water Flow NA 

Scrubber installed drawing from the discharge  

9.5 Parametric Configuration of the Maingate 

 

Maingate measures the amount of respirable and inhalable dust produced by the cut 

coal being taken into the crusher for sizing on to the outbye belt and then brought into 

the longwall on the intake ventilation. This section identifies the mine that produces 

the least amount of respirable and inhalable dust coming from the crusher and details 

the installed engineering controls that have been the most efficient at removing this 

produced dust. 

9.5.1 The Maingate Respirable Dust Production Controls On 

 

Table 9.9  The Maingate Average Respirable Dust Production Controls On 

 Maingate Ventilation 

Test 1-Mine A 0.0001245  

Mine A Average 

mg/tonne 0.0001245 45m3/sec 

   

Test 2-Mine B 0.0001480  

Test 6-Mine B 0.0002154  

Test 7-Mine B 0.0006769  

Test 10-Mine B 0.0006615  

Test 11-Mine B 0.0003077  

Mine B Average 

mg/tonne 0.0004019 35m3/sec 

   

Test 3-Mine C 0.0001091  

Test 4-Mine C 0.0001156  

Test 5-Mine C 0.0006667  

Test 13-Mine C 0.0001583  

Test 14-Mine C 0.0001667  

Mine C Average 

mg/tonne 0.0002433 38m3/sec 
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Test 8-Mine D 0.0005133  

Test 9-Mine D 0.0006267  

Mine D Average 

mg/tonne 0.0003100 65m3/sec 

   

Test 12-Mine E 0.0002507  

Test 15-Mine E 0.0007882  

Mine E Average 

mg/tonne 0.0005194 35m3/sec 

 

 

Figure 9.7  The Maingate Respirable Dust Production Controls On 

 

9.5.2 The Maingate Respirable Dust Production Discussion 

 

Table 9.9 and Figure 9.7 detail the average respirable dust measured at the maingate 

with installed engineering controls operating. Mine A produces the lowest mg/tonne 

during the cutting cycle. The amount of respirable dust measured indicates that the 

installed engineering controls operating at Mine A are the most efficient at mitigating 

produced respirable dust. 

9.5.3 The Maingate Installed Engineering Controls at Mine A for 

Respirable Dust 

 

Mine A has been identified as producing the least amount of respirable dust from the 

maingate. All mines have installed engineering controls at the maingate and testing 

has quantified that those controls installed at Mine A are the most efficient at  
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mitigating respirable dust. Table 9.10 details the installed engineering controls at 

Mine A at the maingate. 

 

Table 9.10  The Maingate Installed Engineering Controls at Mine A for 

Respirable Dust 

BSL Sprays  

Number of sprays 12 

Type Hollow Cone 

Spray Diameter 6mm 

Water Pressure 20Bar 

Water Flow 135lpm 

BSL crusher  

Number of sprays 12 

Type Hollow Cone 

Spray Diameter 6mm 

Water Pressure 20Bar 

Water Flow 135lpm 

Scrubber installed drawing from crusher  

 

9.5.4 The Maingate Inhalable Dust Production Controls On 

 

Table 9.11  The Maingate Inhalable Dust Production Controls On 

 
Maingate Ventilation 

Test 1-Mine A 0.0026930  

Mine A Average mg/tonne 0.0026930 45m3/sec 

 
  

Test 2-Mine B 0.0003333  

Test 6-Mine B 0.0002615  

Test 7-Mine B 0.0010923  

Test 10-Mine B 0.0009692  

Test 11-Mine B 0.0007231  

Mine B Average mg/tonne 0.0006759 35m3/sec 

 
  

Test 3-Mine C 0.0005624  

Test 4-Mine C 0.0009985  

Test 5-Mine C 0.0014308  

Test 13-Mine C 0.0005083  

Test 14-Mine C 0.0003992  

Mine C Average mg/tonne 0.0007798 38m3/sec 

 
  

Test 8-Mine D   

Test 9-Mine D   

Mine D Average mg/tonne  65m3/sec 
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Test 12-Mine E 0.0007699  

Test 15-Mine E 0.0005096  

Mine E Average mg/tonne 0.0006397 35m3/sec 

 

 
Figure 9.8  The Maingate Inhalable Dust Production Controls On 

 

9.5.5 The Maingate Inhalable Dust Production Discussion 

 

Table 9.11 and Figure 9.8 detail the average inhalable dust measured at the maingate 

with installed engineering controls operating. Mine E produces the lowest mg/tonne 

during the cutting cycle. The amount of Inhalable dust measured indicates that the 

installed engineering controls operating at Mine E are the most efficient at mitigating 

produced inhalable dust. 

9.5.6 The Maingate Installed Engineering Controls at Mine E for 

Inhalable Dust 

 

Mine E has been identified as producing the least amount of inhalable dust from the 

maingate. All mines have installed engineering controls at the maingate and testing 

has quantified that those controls installed at Mine E are the most efficient at 

mitigating inhalable dust. Table 9.12 details the installed engineering controls at Mine 

E in the maingate. 
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Table 9.12  The Maingate Installed Engineering Controls at Mine E for 

Inhalable Dust 

BSL Sprays  

Number of sprays 3 

Type Hollow Cone 

Spray Diameter 2mm 

Water Pressure 20Bar 

Water Flow 15lpm 

BSL crusher  

Number of sprays 9 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 6mm 

Water Pressure 20Bar 

Sprays on Crusher Intake 3 x hollow cone, 2mm, 20 Bar over 

chain 

9.6 Parametric Configuration of the Tailgate 

 

The tailgate measures the amount of respirable and inhalable dust produced during the 

coal cutting cycle. This section identifies the mine that produces the least amount of 

respirable and inhalable dust during the cutting cycle and details the installed 

engineering controls that have been the most efficient at removing this produced dust. 

9.6.1 The Tailgate Respirable Dust Production Controls On 

 

Table 9.13  The Tailgate Average Respirable Dust Production Controls On 

 Tailgate Ventilation 

Test 1-Mine A 0.0008935  

Mine A Average 

mg/tonne 0.0008935 45m3/sec 

   

Test 2-Mine B 0.0000000  

Test 6-Mine B   

Test 7-Mine B 0.0017231  

Test 10-Mine B 0.0014308  

Test 11-Mine B 0.0013385  

Mine B Average 

mg/tonne 0.0011231 35m3/sec 

   

Test 3-Mine C 0.0011727  

Test 4-Mine C 0.0008694  

Test 5-Mine C 0.0014974  

Test 13-Mine C 0.0007500  
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Test 14-Mine C 0.0009008  

Mine C Average 

mg/tonne 0.0010381 38m3/sec 

   

Test 8-Mine D 0.0017933  

Test 9-Mine D 0.0019200  

Mine D Average 

mg/tonne 0.0011304 65m3/sec 

   

Test 12-Mine E 0.0005730  

Test 15-Mine E 0.0000637  

Mine E Average 

mg/tonne 0.0003183 35m3/sec 

 

 

 

Figure 9.9  The Tailgate Respirable Dust Production Controls On 

9.6.2 The Tailgate Respirable Dust Production Discussion 

 

Table 9.13 and Figure 9.9 detail the average respirable dust measured at the tailgate 

with installed engineering controls operating. Mine E produces the lowest mg/tonne 

during the cutting cycle. The amount of respirable dust measured indicates that the 

installed engineering controls operating at Mine E are the most efficient at mitigating 

produced respirable dust. 

9.6.3 The Tailgate Installed Engineering Controls at Mine E 

 

Mine E has been identified as producing the least amount of respirable dust from the 

maingate. All mines have installed engineering controls at the maingate and testing  
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has quantified that those controls installed at Mine E are the most efficient at 

mitigating respirable dust. The engineering controls that affect the dust measured at 

the tailgate are those installed on the shear and along the face. Figure 9.14 details the 

installed engineering controls at Mine E on the operating longwall. 

 

Table 9.14  The Tailgate Installed Engineering Controls at Mine E 

Shearer  

Number of sprays 64 

Type Solid Cone 

Spray Diameter 1.2mm 

Water Pressure 65Bar 

Water Flow 475lpm 

Types of Picks Radial 

Chock Sprays  

Number of sprays 4 per chock, 2 x front, 2 x rear 

Type Hollow Cone 

Spray Diameter 1.2mm 

Water Pressure 60Bar 

Water Flow 100lpm 

Other Dust Controls Used  

Shearer drum speed 30rpm 

Shearer Speed 5-8m/minute 

9.6.4 The Tailgate Inhalable Dust Production Controls On 

 

Table 9.15  The Tailgate Inhalable Dust Production Controls On 

 
Tailgate Ventilation 

Test 1-Mine A 0.0157785  

Mine A Average mg/tonne 0.0157785 45m3/sec 

 
  

Test 2-Mine B 0.0055720  

Test 6-Mine B   

Test 7-Mine B 0.0040769  

Test 10-Mine B 0.0021077  

Test 11-Mine B 0.0014000  

Mine B Average mg/tonne 0.0032892 35m3/sec 

 
  

Test 3-Mine C 0.0032163  

Test 4-Mine C 0.0048881  

Test 5-Mine C 0.0025282  

Test 13-Mine C   

Test 14-Mine C 0.0028458  

Mine C Average mg/tonne 0.0033696 38m3/sec 

 
  

Test 8-Mine D   
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Test 9-Mine D   

Mine D Average mg/tonne  65m3/sec 

 
  

Test 12-Mine E 0.0008863  

Test 15-Mine E 0.0026513  

Mine E Average mg/tonne 0.0017688 35m3/sec 

 

 

 
Figure 9.10  The Tailgate Inhalable Dust Production Controls On 

9.6.5 The Tailgate Inhalable Dust Production Discussion 

 

Table 9.15 and Figure 9.10 detail the average inhalable dust measured at the maingate 

with installed engineering controls operating. Mine E produces the lowest mg/tonne 

during the cutting cycle. The amount of inhalable dust measured indicates that the 

installed engineering controls operating at Mine E are the most efficient at mitigating 

produced inhalable dust. 

9.6.6 The Tailgate Installed Engineering Controls at Mine E for 

Inhalable Dust 

 

Mine E has been identified as producing the least amount of inhalable dust from the 

tailgate. All mines have installed engineering controls at the maingate and testing has 

quantified that those controls installed at Mine E are the most efficient at mitigating 

inhalable dust. Figure 9.16 details the installed engineering controls at Mine E at the 

tailgate. 
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Table 9.16  The Tailgate Installed Engineering Controls at Mine E for Inhalable 

Dust 

Shearer  

Number of sprays 64 

Type Solid Cone 

Spray Diameter 1.2mm 

Water Pressure 65Bar 

Water Flow 475lpm 

Types of Picks Radial 

Chock Sprays  

Number of sprays 4 per chock, 2 x front, 2 x rear 

Type Hollow Cone 

Spray Diameter 1.2mm 

Water Pressure 60Bar 

Water Flow 100lpm 

Other Dust Controls Used  

Shearer drum speed 30rpm 

Shearer Speed 5-8m/minute 

 

9.7 Respirable Dust Best Practice Engineering Controls 

  

This section details the installed engineering controls identified by the DME model as 

the most efficient at mitigating respirable dust at each of the identified sources of dust 

generation on an operating longwall. Table 9.17 details the best practice engineering 

controls for mitigating respirable dust from the BSL discharge to the tailgate. 

 

Table 9.17  Respirable Dust Best Practice Engineering Controls 

BSL discharge  

Number of sprays in BSL discharge 3 

Type V-Spray 

Spray Diameter 4mm 

Water Pressure 1200kPa 

Water Flow 45lpm 

Scrubber installed drawing from discharge  

BSL Sprays  

Number of sprays 12 

Type Hollow Cone 

Spray Diameter 6mm 

Water Pressure 20Bar 

Water Flow 135lpm 

BSL crusher  

Number of sprays 12 
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Type Hollow Cone 

Spray Diameter 6mm 

Water Pressure 20Bar 

Water Flow 135lpm 

Scrubber drawing from crusher  

Shearer  

Number of sprays 64 

Type Solid Cone 

Spray Diameter 1.2mm 

Water Pressure 65Bar 

Water Flow 475lpm 

Types of Picks Radial 

Chock Sprays  

Number of sprays 4 per chock 2 x front, 2 x rear 

Type Hollow Cone 

Spray Diameter 1.2mm 

Water Pressure 60Bar 

Water Flow 100lpm 

Other Dust Controls Used  

Shearer drum speed 30rpm 

Shearer Speed 5-8m/minute 

 

9.8 Inhalable Dust Best Practice Engineering Controls 

 

This section details the installed engineering controls identified by the DME model as 

the most efficient at mitigating inhalable dust at each of the identified sources of dust 

generation on an operating longwall. Table 9.18 details the best practice engineering 

controls for mitigating inhalable dust from the BSL discharge to the tailgate. 

 

Table 9.18  Inhalable Dust Best Practice Engineering Controls 

BSL discharge  

Number of sprays in BSL discharge 3 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 6mm 

Water Pressure 15Bar 

Water Flow 45lpm 

Scrubber installed drawing from the discharge  

BSL Sprays  

Number of sprays 3 

Type Hollow Cone 

Spray Diameter 2mm 

Water Pressure 20Bar 

Water Flow 15lpm 

BSL crusher  
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Number of sprays 9 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 6mm 

Water Pressure 20Bar 

Sprays on Crusher Intake 3 x hollow cone, 2mm, 20 Bar over 

chain 

Shearer  

Number of sprays 64 

Type: Solid, Hollow cone, Flat, V Solid Cone 

Spray Diameter 1.2mm 

Water Pressure 65Bar 

Water Flow 475lpm 

Types of Picks Radial 

Chock Sprays  

Number of sprays 4 per chock, 2 x front, 2 x rear 

Type: Solid, Hollow cone, Flat, V Hollow Cone 

Spray Diameter 1.2mm 

Water Pressure 60Bar 

Water Flow 100lpm 

Other Dust Controls Used  

Shearer drum speed 30rpm 

Shearer Speed 5-8m/minute 

 

9.9 Summary 

 

The DME model has successfully identified the most efficient installed engineering 

controls operating at individual sources of respirable and inhalable dust generation on 

operating longwalls in Australia. The use of the DME model as opposed to the 

statutory measurement process will allow mine operators to establish a dust mitigation 

regime based on the measured installed control efficiencies. 

 

By installing the best practice engineering controls, operators are in a better position 

to ensure compliance to regulatory standards for exposure levels and most 

importantly, they are ensuring minimum risk to worker health by ensuring they are 

mitigating the most respirable and inhalable dust possible from the mining 

environment. 

 

Development and practical application of the DME model through comprehensive and 

robust testing, has seen the mentioned best practice engineering controls for the  
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mitigation created based on quantifiable data analysis and results. Mine operators 

have the capacity to install these controls at known sources of dust generation 

confident that they will mitigate the maximum amount of respirable and inhalable 

dust generated during the cutting cycle. 

 

Further efficiencies will be created as more products are quantified using the DME 

model, eventually resulting in a workplace environment that will pass statutory 

requirements and more importantly clean the atmosphere from harmful contaminants.  
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10. CHAPTER TEN – CONCLUSIONS and 

RECOMMENDATIONS   

10.1 Conclusion 

 

A Dust Mitigation Efficiency (DME) model has been developed in this thesis to 

identify respirable and inhalable dust loads at independent sources of dust generation 

on longwall faces and quantify the efficiency of installed controls for the mitigation of 

this produced dust. The data collected from each of the sampled mines during the 

field trials has been used to create a benchmark or signature for each longwall of 

those mines in relation to dust loads from different sources of generation to ensure 

maximum efficiency in removing respirable and inhalable dusts. 

 

The DME model is represented by the following formula: 

 

DMEn = (
(
    –    

  
) (

    –    

  
)

(
    –    

  
)

) x 100 

 

Where: 

 

DME = Dust Mitigation Efficiency 

n =  Location of monitors and heads 

Wbi =  Weight of initial benchmark test filter unladen, in milligrams  

Wbf  =  Weight of final benchmark test filter used, in milligrams 

Tb =  Tonnes cut for benchmark testing 

Wei =  Weight of initial efficiency test filter unladen, in milligrams 

Wef  =  Weight of final efficiency test filter used, in milligrams 

Te =  Tonnes cut for efficiency testing 

 

The DME is presented as a percentage (%) change in the mg/tonne produced at each 

individual source of dust generation sampled. This can be either a positive or negative 

number, with the negative number representing a reduction in dust or a positive 

number an increase in dust when installed engineering controls are operating. 
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The DME model has successfully identified the most efficient installed engineering 

controls operating at individual sources of respirable and inhalable dust generation on 

operating longwalls in Australia. The use of the DME model as opposed to the 

statutory measurement process will allow mine operators to establish a dust mitigation 

regime based on the measured best practice as detailed in Chapter 9. 

 

The DME model has proven to be reliable, robust, flexible and sensitive. Reliability 

has been proven by the parallel samples taken by Coal Services in which both results 

were very similar, the robustness is shown by the continued gathering of reliable and 

useful data, the flexibility is demonstrated by its ability to adapt to a required or 

designed testing methodology and its sensitivity is seen by the results identifying 

significant problems on longwalls, eg ventilation bypass, goaf over pressurisation, 

poor water pressure or flow to sprays, etc. 

 

By installing the best practice engineering controls, operators are in a better position 

to ensure compliance to regulatory standards for exposure levels and most 

importantly, they are ensuring minimum risk to worker health by ensuring they are 

mitigating the most respirable and inhalable dust possible from the mining 

environment. 

 

Dust measurements collected with the DME model indicate that operators struggle to 

remove greater than 30% of both respirable and inhalable dust produced on their 

operating longwalls. With the DME model, it is envisaged that a greater than 50% 

reduction in both respirable and inhalable dust can be achieved with best practice 

engineering, which will have a direct reduction in exposure levels to workers on the 

face and significantly reduce the risk of lung disease in employees. 

 

The DME model has quantified the average respirable and inhalable dust production 

from each known source of dust generation on an operating longwall as a benchmark 

and with controls operating. The results found the following: 
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 The last open cut-through to the longwall produces an average of 0.0002 

mg/tonne of respirable dust and 0.0004 mg/tonne of inhalable dust with no 

controls operating. With controls operating, the average dust production is 

0.0002 mg/tonne for respirable dust and 0.0004 mg/tonne for inhalable dust. 

These results are expected to be the same as installed engineering controls 

have no effect on outbye dust into the longwall; 

 

 The belt road produces an average of 0.0002 mg/tonne for respirable dust with 

no controls operating and 0.0004 mg/tonne for inhalable dust. With controls 

operating the average dust production is 0.0003 mg/tonne for respirable dust 

and 0.0003 mg/tonne for inhalable dust. These results show that the installed 

controls in the belt road, usually sprays at the BSL discharge and ventilation 

increase the average mg/tonne produced for respirable dust by 50% and reduce 

the amount of inhalable dust by 25%. This can be explained by the intake 

velocity drying the coal and allowing respirable particles to become airborne 

and return to the longwall; 

 

 The BSL discharge produces an average of 0.0003 mg/tonne of respirable dust 

with no controls operating and 0.0003 mg/tonne for inhalable dust. With 

controls operating the average dust production is 0.0002 mg/tonne for 

respirable dust and 0.0008 mg/tonne for inhalable dust. These results show 

that the installed controls are successfully removing an average of 33% of the 

produced respirable dust, however, the average inhalable dust production 

increases by 167%. This is a result of incorrect spray position, orifice size, 

pressure or flow. 

 

 The maingate produces an average of 0.0004 mg/tonne of respirable dust with 

no controls operating and 0.0032 mg/tonne for inhalable dust. With controls 

operating the average dust production is 0.0004 mg/tonne for respirable dust 

and 0.0009 mg/tonne for inhalable dust. These results show that the installed 

controls are not removing the produced respirable dust, however, the average 

inhalable dust production decreases by 72%; 
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 Midface produces an average of 0.0009 mg/tonne of respirable dust with no 

controls operating and 0.0029 mg/tonne for inhalable dust. With controls 

operating the average dust production is 0.0011 mg/tonne for respirable dust 

and 0.0041 mg/tonne for inhalable dust. These results show that the installed 

controls are creating an average of 22% more respirable dust and an average 

inhalable dust production increase of 41%; and 

 

 The tailgate produces an average of 0.0011 mg/tonne of respirable dust with 

no controls operating and 0.0031 mg/tonne for inhalable dust. With controls 

operating the average dust production is 0.0012 mg/tonne for respirable dust 

and 0.0042 mg/tonne for inhalable dust. These results show that the installed 

controls are creating an average 9% more respirable dust and an average 

inhalable dust production increase of 35%. 

 

These results indicate that the average longwall mining operation in Australia produce 

an average of 10% more respirable dust when installed engineering controls are 

turned on. The average inhalable dust production decreases by 6% with the installed 

controls operating. 

 

The reason behind the average respirable dust production increase is due to the 

shearer and chock movement creating over 90% of all produced dust on the longwall. 

Installed engineering controls in the LOC, belt road, BSL discharge and maingate area 

are reasonably well controlled, but these areas contribute less than 9% of total face 

dust in the tailgate. 

 

Whilst these results are an average of the respirable and inhalable dust loads 

measured, the best practice installed engineering controls at each source of dust 

generation will see improvements in both the respirable and inhalable dust load 

averages as more mines install these identified controls. Further improvements will be 

made as more products are quantified in an operational capacity. 
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10.2 Recommendations 

 

The DME model has provided quantifiable data in relation to respirable and inhalable 

dust load production and installed engineering control efficiencies. The following 

recommendations have been identified to further validate this model as a valuable and 

reliable tool to better understand respirable and inhalable dust production and the 

efficiency of installed engineering controls; 

 

 the use of PDM’s for data collection with the DME model used to calculate 

efficiencies; 

 

 use of the DME model to better understand respirable and inhalable dust 

production and control in development panels and bord and pillar mining; 

 

 medical research be conducted to understand how much respirable and 

inhalable dust is actually required to be ingested to create lung problems; 

 

 comprehensive research into the accuracy of current exposure level limits and 

their suitability to the continually increasing production in the global mining 

industry; 

 

 continued product measurement to quantify respirable and inhalable dust 

mitigation efficiency; 

 

 suitability for the DME model to be legislated as an additional method for dust 

analysis for all mining applications, and; 

 

 further DME testing in open cut mines and hard rock mines to ascertain 

benchmark dust production and prove adaptability. 

 

By better understanding respirable and inhalable dust production, installed 

engineering control efficiencies and application of a Best Management Practice to  
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mitigate airborne contaminants, a significantly healthier workplace and environment 

will be achieved. 
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12. Appendix 1  Mine Questionnaire 
 

 
 

(Research-In-Confidence)

Australian Longwall Mine Dust Control Data Survey

Ventilation

1 Ventilation at last open cut through

2 Ventilation at maingate

3 Ventilation midface

4 Ventilation at tailgate

Sprays

5 Number of sprays in BSL discharge

6 Type of sprays in BSL discharge

Solid cone

Hollow Cone

Flat Spray

V Spray 

Spray Diameter

Water Pressure

Water Flow

7 Number of sprays in BSL

8 Type of sprays in BSL

Solid cone

Hollow Cone

Flat Spray

V Spray 

Spray Diameter

Water Pressure

Water Flow

9 Number of sprays in BSL crusher

10 Type of sprays in BSL crusher

Solid cone

Hollow Cone

Flat Spray

V Spray 

Spray Diameter

Water Pressure

Water Flow

11 Number of sprays in shearer drums

12 Type of sprays in shearer drums

Solid cone

Hollow Cone

Flat Spray

V Spray 

Spray Diameter

Water Pressure

Water Flow

13 Number of sprays in shearer clearer

14 Type of sprays in shearer clearer

Solid cone

Hollow Cone

Flat Spray

V Spray 

Spray Diameter

Water Pressure

Water Flow

15 Number of Shield Sprays

16 Types of Shield Sprays

Solid cone

Hollow Cone

Flat Spray

V Spray 

Spray Diameter

Water Pressure

Water Flow

17 Other Dust Controls Used?

Type

18 Shearer drum speed

19 Cutting Height

20 Face Length

21 Face Width

22 Shearer Speed

23 Av. Shears per Shift

24 Av. Tonnes per Shear

25 Cutting Sequence

Bi-Di

Uni-Di

26 Maingate Goaf Curtain Used?

27 BSL Curtain Used?

28 How bad is your dust problem?

1 being good, 10 being bad

29 Do you have a stone roof?

30 Do you have a stone floor?

Note:
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13. Appendix 2  Coal Services Order 40 
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14. Appendix 3  Mine Induction Requirements 
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15. Appendix 4  Risk Assessment for Testing 
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16. Appendix 5  Risk Assessment for Shearer Testing 
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17. Appendix 6 – Inhalable Dust Pump Calibration 
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18. Appendix 7 – Respirable Dust Pump Calibration 
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19. Appendix 8 – Mine A Results From Coal Services 
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