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FEL Front end loader 

GLCs Ground-level concentrations 
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MM5 Fifth-Generation Penn State/National Center for Atmospheric Research Mesoscale Model 
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NAAQ Limit National Ambient Air Quality Limit concentration 

NAAQS 
National Ambient Air Quality Standards (as a combination of the NAAQ Limit and the allowable frequency of 
exceedance) 

NEM:AQA South Africa National Environment Management Air Quality Act  (No. 39 of 2004) 

NPi National Pollutant Inventory (Australia) 

PM10 Particulate Matter with an aerodynamic diameter of less than 10m 
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Glossary 
 

Air pollution 
Any change in the composition of the air caused by smoke, soot, dust (including fly 
ash), cinders, solid particles of any kind, gases, fumes, aerosols and odorous 
substances 

Ambient air 
The near surface air, external to the proposed ash disposal facility, which is not 
regulated by Occupational Health and Safety regulations. 

Atmospheric dispersion model 
A mathematical representation of the physics governing the dispersion of pollutants in 
the atmosphere  

Atmospheric emission or 
“emission” 

Any emission or entrainment process emanating from a point, non-point or mobile 
source that results in air pollution 

Atmospheric stability  A measure of the propensity for vertical motion in the atmosphere  

Averaging period A period of time over which an average value is determined 

Calm / stagnation  A period when wind speeds of less than 1 m/s persist  

Default setting  The standard (sometimes recommended) operating value of a model parameter  

Dispersion  
The lowering of the concentration of pollutants by the combined processes of 
advection and diffusion  

Dry deposition  
Removal of pollutants by deposition on the surface. Many different processes 
(including gravity) cause this effect.  

Frequency of exceedance 
A frequency (number/time) related to a limit value representing the tolerated 
exceedance of that limit value, i.e. if exceedances of limit value are within the 
tolerances, then there is still compliance with the standard 

MM5 

An acronym for the Fifth-Generation NCAR/Penn State Mesoscale Model, which is a 
limited-area, nonhydrostatic, terrain-following sigma-coordinate model designed to 
simulate or predict mesoscale and regional-scale atmospheric circulation. Terrestrial 
and isobaric meteorological data are horizontally interpolated with observations from 
the standard network of surface and rawinsonde stations. 

Occupational health Occupational hygiene, occupational medicine and biological monitoring 

Occupational hygiene 
means the anticipation, recognition, evaluation and control of conditions arising in or 
from the, which may cause illness or adverse health effects to persons 

Occupational medicine 
means the prevention, diagnosis and treatment of illness, injury and adverse health 
effects associated with a particular type of work 

Standard 
A measure which has components that defines it as a “standard”, which components 
may include some or all of the following; limit values, averaging periods, frequency of 
exceedances and compliance dates. 

Vehicle entrainment 
The lifting and dropping of particles by the rolling wheels leaving the road surface 
exposed to strong air current in turbulent shear with the surface.  The turbulent wake 
behind the vehicle continues to act on the road surface after the vehicle has passed. 
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Symbols and Units 
 

°C degrees Celsius 

 micro 

g micrograms 

g/m3 microgram per cubic metre 

amsl above mean sea level 

g gram 

h hour 

k kilo 

l litre 

m metre 

m2 square metre 

M million 

m³ cubic metre 

m/s metres per second 

mg/m-2.day milligram per square metre per day 

PM10 Particulate Matter with an aerodynamic diameter of less than 10m 

PM2.5 Particulate Matter with an aerodynamic diameter of less than 2.5m 

tpa tonnes per annum 

tpd tonnes per day 
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Executive Summary 
 

Airshed Planning Professionals (Pty) Limited was appointed by Coastal & Environmental Services (hereafter referred to as 

CES) to undertake an air quality impact assessment for the proposed Kamiesberg Mineral Sands Project, near Garies in the 

Namakwa District Municipality, Northern Cape. 

 

The aim of the investigation is to quantify the possible impacts resulting from the proposed dry mining and heavy mineral 

separation process activities on the surrounding environment and human health. Particulates and gases (i.e. sulfur dioxide 

and nitrogen dioxide) represent the main pollutants of concern in the assessment of operations from the Kamiesberg Mineral 

Sands Project. 

 

In the absence of sufficient on-site measured data, MM5 modelled meteorological data for the period January 2011 to 

December 2013 was used for the atmospheric dispersion modelling. The dominant wind-field is from the south (south-

westerly) with occasional flow from the northerly sector. Wind speeds are moderate to high with few calm periods. 

 

Background emission sources are likely to be fugitive predominantly from windblown dust, and from vehicle dust 

entrainment on unpaved roads.  

 

The proposed mining process will include dry mining followed by transfer of mineral sand, as slurry, to the Primary 

Concentrator Plant (PCP). Gaseous and particulate emissions are expected from the earthmoving equipment used in the dry 

mining process. All process steps between the hopper and stockpiling of the Heavy Mineral Concentrate (HMC) will be wet 

processes, and are therefore not likely to be sources of atmospheric emissions. HMC stockpiles are likely to be sources of 

particulate emissions through materials handling, prior to processing in the Mineral Separation Plant (MSP). Emissions from 

the MSP will include gaseous emissions from the dryers which will be fuelled by paraffin. Product stockpiles will be stored in 

covered areas prior to haulage to a distribution point by road. Slimes and tailings will be stored in a tailings facility, maximum 

footprint 240 ha, on the eastern boundary of the Roode Heuvel Prospecting Right, and where possible as backfill into the 

mined-out areas. 

 

The pollutants of concern as a result of these activities were: airborne particulates (including total suspended particulates 

(TSP), particulate matter of less than 10 µm in diameter (PM10) and particulate matter of less than 2.5 µm in diameter 

(PM2.5)) and gaseous emissions from the dryers (i.e. sulfur dioxide (SO2), nitrogen dioxide (NO2)). 

 

The atmospheric dispersion modelling simulations show that the emissions from the proposed mining operations and 

processing plant are likely to result in air quality in compliance with NAAQS for PM2.5, SO2 or NO2 in the short-term. 

 

Exceedances of the daily PM10 NAAQS (i.e. more than 4 days per year with average daily concentrations in excess of 

75 µg/m3) were simulated to be localized near the unpaved district road; however a watering programme will be effective in 

minimizing the area of impact. 

 

Dustfall rates are likely to exceed the National Dustfall Regulation standard for residential areas outside of the Prospecting 

Right boundary, even if emissions were mitigated through a watering programme, mainly as a result of vehicle entrainment. 

Further mitigation and management recommendations have been suggested. 
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1 INTRODUCTION 

1.1 Description of Project Activities from an Air Quality Perspective 

Airshed Planning Professionals (Pty) Limited was appointed by Coastal & Environmental Services (hereafter referred to as 

CES) to undertake an air quality impact assessment for the proposed Kamiesberg Mineral Sands Project, near Garies in the 

Namakwa District Municipality, Northern Cape. 

 

The aim of the investigation is to quantify the possible impacts resulting from the proposed dry mining and heavy mineral 

separation process activities on the surrounding environment and human health.  To achieve this, a good understanding of 

the regional climate and local dispersion potential of the site is necessary and subsequently an understanding of existing 

sources of air pollution in the region and the resulting air quality. 

 

The air quality investigation comprises both a baseline study and an impact assessment. The baseline study includes the 

review of site-specific atmospheric dispersion potential, and the identification of potentially sensitive receptors. The results of 

a short-term (three week) PM10 monitoring campaign are also reported in the baseline study. 

 

Particulates and gases (i.e. sulfur dioxide and nitrogen dioxide) represent the main pollutants of concern in the assessment 

of operations from the Kamiesberg Mineral Sands Project.  Particulate matter, sulfur dioxide and nitrogen dioxide are 

classified as criteria pollutants, with South African Ambient Air Quality standards established to regulate ambient 

concentrations of these pollutants. 

 

1.1.1 Terms of Reference 

The Mineral Separation Plant (MSP) has the potential to result in air pollution within the vicinity of the plant, in terms of the 

release of SO2 and NOx from the dryers. Dust generation is a potential impact on community and employee health due to 

elevated concentrations of respirable dust (PM10’s) which may exceed South African National Ambient Air Quality 

Standards, especially along the unpaved haul roads. Dust generated from materials handling and stockpiles presents an 

occupational health and safety risk to workers. In light of this, the specific terms of reference are as follows: 

 Assess the current levels of air pollution (including dust) and characterise current air quality. 

 Identify other risk sources of air pollution from the project, especially dust from mining activities and vehicle 
entrainment. 

 Quantify all particulate emissions using local meteorological data, and the proposed throughput for the operational 
phase of the PCP.  

 Quantify emissions arising from the plant and transport of materials and products.  

 Predict, using suitable dispersion modelling or other appropriate methodologies, the air concentrations and 
emissions fallout due to each of the identified sources. 

 Suggest ways to avoid, mitigate, or ameliorate the impacts by discussing modifications or improvements to the 
process design with production engineers. 

 Develop a monitoring programme to ensure effective implementation of the recommended mitigation measures. 
 

1.2 Approach and Methodology 

1.2.1 Atmospheric Dispersion Model Selection 

 

Dispersion models compute ambient pollutant concentrations as a function of source configurations, emission strengths and 

meteorological characteristics, thus providing a useful tool to ascertain the spatial and temporal patterns in the ground level 

concentrations arising from the emissions from various sources.  Increasing reliance has been placed on concentration 
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estimates from models as the primary basis for environmental and health impact assessments, risk assessments and 

emission control requirements.  

 

The US Environmental Protection Agency’s (US EPA) approved regulatory model – AERMOD - was selected for this study. 

It is one of the models recommended for Level 2 assessments, for near-source (less than 50 km from source) applications in 

all terrain types, in the South African Regulations Regarding Air Dispersion Modelling (Government Gazette No. 37804, 

R.533;11 July 2014).  

 

The AERMOD suite of models was developed under the support of the AMS/EPA Regulatory Model Improvement 

Committee (AERMIC), whose objective has been to include state-of the-art science in regulatory models (Hanna et al., 

1999). The AERMOD is a dispersion modelling system with three components, namely: AERMOD (AERMIC Dispersion 

Model), AERMAP (AERMOD terrain pre-processor), and AERMET (AERMOD meteorological pre-processor). 

 

 AERMOD is an advanced new-generation model. It is designed to predict pollution concentrations from continuous 

point, flare, area, line, and volume sources. AERMOD offers new and potentially improved algorithms for plume 

rise and buoyancy, and the computation of vertical profiles of wind, turbulence and temperature however retains 

the single straight line trajectory limitation of ISCST3 (Hanna et al., 1999). 

 AERMET is a meteorological pre-processor for the AERMOD model. Input data can come from hourly cloud cover 

observations, surface meteorological observations and twice-a-day upper air soundings. Output includes surface 

meteorological observations and parameters and vertical profiles of several atmospheric parameters. 

 AERMAP is a terrain pre-processor designed to simplify and standardize the input of terrain data for the AERMOD 

model. Input data includes receptor terrain elevation data. The terrain data may be in the form of digital terrain 

data. For each receptor, output includes location and height scale, which are elevations used for the computation 

of air flow around hills. 

 

There will always be some error in any geophysical model, but it is desirable to structure the model in such a way to 

minimise the total error. A model represents the most likely outcome of an ensemble of experimental results. The total 

uncertainty can be thought of as the sum of three components: the uncertainty due to errors in the model physics; the 

uncertainty due to data errors; and the uncertainty due to stochastic processes (turbulence) in the atmosphere. 

 

The stochastic uncertainty includes all errors or uncertainties in data such as source variability, observed concentrations, 

and meteorological data. Even if the field instrument accuracy is excellent, there can still be large uncertainties due to 

unrepresentative placement of the instrument (or taking of a sample for analysis). Model evaluation studies suggest that the 

data input error term is often a major contributor to total uncertainty. Even in the best tracer studies, the source emissions 

are known only with an accuracy of ±5%, which translates directly into a minimum error of that magnitude in the model 

predictions. It is also well known that wind direction errors are the major cause of poor agreement, especially for relatively 

short-term predictions (minutes to hourly) and long downwind distances. All of the above factors contribute to the 

inaccuracies not even associated with the mathematical models themselves. 

 

Similar to the older Industrial Source Complex Short Term (ISC) model, a disadvantage of the model is that spatial varying 

wind fields, due to topography or other factors cannot be included. Although the model has been shown to be an 

improvement on the ISC model, especially short-term predictions, the range of uncertainty of the model predictions is -50% 

to +200%, i.e. a “factor of two”. The factor of two accuracy is mainly as a result of poor correlations between paired 

concentrations at fixed stations, which may be due to ‘‘reducible’’ uncertainties in knowledge of the precise plume location 

and to unquantified inherent uncertainties. For example, Pasquill (1974) estimates that, apart from data input errors, 

maximum ground-level concentrations at a given hour for a point source in flat terrain could be in error by 50% due to these 
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uncertainties. Uncertainty of 5 to 10 degrees in the measured wind direction, which transports the plume, can result in 

concentration errors of 20% to 70% for a particular time and location, depending on stability and station location. Such 

uncertainties do not indicate that an estimated concentration does not occur, only that the precise time and locations are in 

doubt. The accuracy improves with fairly strong wind speeds and during neutral atmospheric conditions. 

 

Input data types required for the AERMOD model include: meteorological data, source data, and information on the nature 

of the receptor grid. Each of these data types will be described below. 

1.2.2 Meteorological Data Requirements 

 

AERMOD requires two specific input files generated by the AERMET pre-processor. AERMET is designed to be run as a 

three-stage processor and operates on three types of data (upper air data, on-site measurements, and the national 

meteorological database). MM5 (Fifth-Generation Penn State/National Center for Atmospheric Research Mesoscale Model) 

modelled meteorological data (including wind speed, wind direction and temperature) was for the period January 2011 to 

December 2013 was used. 

 

1.2.3 Source Data Requirements 

 

The AERMOD model is able to model point, area, volume and line sources.  The vehicle entrainment sources and 

windblown dust sources were modelled as area sources, the materials handling was modelled as volume sources and the 

stacks were modelled as point sources.   

 

1.2.4 Modelling Domain 

 

The dispersion of pollutants was modelled for an area covering 40 km (north-south) by 35 km (east-west) for the Project site.  

The modelling domain was chosen based on sources of emissions and potential impact areas. This area was divided into a 

grid with a resolution of 200 m (north-south) by 200 m (east-west).  AERMOD simulates ground-level concentrations for 

each of the receptor grid points.   

 

1.3 Assumptions, Exclusions and Limitations 

 The quantification of emission sources was restricted to the Kamiesberg Project for the operations associated with 

the Roode Heuvel Prospecting Right only.  

 Information used to calculate emissions from fugitive dust sources for the Kamiesberg Mine Project operations 

were provided by the client (Zirco). The assumption was made that this information was accurate and correct.  

 The gaseous emissions from the dryers were based on the Minimum Emissions Standards (MES) for Listed 

Activities in Category 4.1 (Government Gazette Vol. 581, No. 37054; 22 November 2013) given the assurance 

from the client and manufacturer that the design of the dryers (based on paraffin as the fuel type) would comply 

with MES. 

 Routine emissions from the operations were estimated and modelled.  Atmospheric releases occurring as a result 

of accidents were not accounted for. 

 A minimum of 1 year, and typically 3 to 5 years of meteorological data are generally recommended for use in 

atmospheric dispersion modelling for air quality impact assessment purposes. In the absence of sufficient on-site 
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measured data, MM5 modelled meteorological data was used for the atmospheric dispersion modelling spanning 

the three calendar-year period between January 2011 and December 2013. 

 The impact assessment considered the most significant pollutants to be airborne particulates (including total 

suspended particulates (TSP), particulate matter of less than 10 µm in diameter (PM10) and particulate matter of 

less than 2.5 µm in diameter (PM2.5)) and gaseous emissions from the dryers controlled by the MES (i.e. sulfur 

dioxide (SO2), nitrogen dioxide (NO2). 

 Fugitive emissions from the tailings facility were calculated at the maximum footprint (240 ha) assuming a 20% 

working area where the moisture content of the tailings would be sufficient to minimize particulate emissions. 

Although the tailings loading will be in a moist state, it was assumed that the arid climate (low rainfall and high 

evaporation) would quickly result in surface drying allowing for particulate emissions when wind speeds were 

above a threshold velocity. 

 The emissions from mobile sources (e.g. excavators, front-end loaders, etc.) were calculated assuming an 

average of 75% availability in order to allow for idling~ and non-operational periods. 

 Emissions of particulates, as a result of vehicle entrainment from unpaved roads, were calculated over a 10 hour 

(day-time) period every day. The unpaved district road was assumed to be the most direct route for road haulage 

of product and was included in the dispersion modelling due to the proximity to sensitive receptors close to the 

road, and the increase in road traffic as a result of the proposed mine. 
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2 REGULATORY REQUIREMENTS AND ASSESSMENT CRITERIA 

2.1 Listed Activities and Emissions Standards 

The National Environmental Management: Air Quality Act (NEM:AQA) makes provision for the setting of ambient air quality 

standards and emission limits at National level, which provides the objective for air quality management. More stringent 

ambient standards may be implemented by provincial and metropolitan authorities. Listed activities will be identified by the 

Minister and will include all activities regarded to have a significant detrimental effect on the environment, including health. 

In addition, the Minister may declare priority pollutants for which an industry emitting this substance will be required to 

implement air pollution prevention plans. 

 

The NEM:AQA was developed to reform and update air quality legislation in South Africa with the intention to reflect the 

overarching principles within the National Environmental Management Act. It also aims to comply with general 

environmental policies and to bring legislation in line with local and international good air quality management practices.  

Given the specific requirements of the NEM:AQA, various projects had to be initiated to ensure these requirements are met.  

One of these included the development of the Listed Activities and Minimum National Emission Standards. These standards 

were first published on 31 March 2010 (Government Gazette No. 33064) and later the revised regulation was published in 

Government Notice No. 893, Gazette No. 37054 on 22 November 2013. 

 

According to the process description, the Listed Activities, and applicable Minimum Emissions Standards (MES), that apply 

to the Kamiesberg Project include Category 4.1:  (Figure 2-1). 

 

 

Figure 2-1: Listed Activities Subcategory 4.1 - Drying and Calcining 

 

2.2 Ambient Air Quality Standards for Criteria Pollutants 

2.2.1 National Ambient Air Quality Standards 

The South African Bureau of Standards (SABS) assisted the Department of Environmental Affairs (DEA) in the development 

of ambient air quality standards. National Ambient Air Quality Standards (NAAQS) were determined based on international 

best practice for sulfur dioxide (SO2), nitrogen dioxide (NO2), PM2.5, PM10, ozone (O3), carbon monoxide (CO), lead (Pb) and 

benzene (Table 2-1). 
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Table 2-1: National Ambient Air Quality Standards (Government Gazette 32816, 2009) applicable to the Kamiesberg 

Project 

Substance 

Molecular 

Formula / 

Notation 

Averaging Period 
Concentration 

(µg/m³) 

Permitted 

Frequency of 

Exceedance 

Compliance Date 

Sulfur Dioxide SO2  

10 minutes 500 526 Immediate 

1 hour 350 88 Immediate 

24 hours 125 4 Immediate 

1 year 50 0 Immediate 

Nitrogen Dioxide NO2  
1 hour 200 88 Immediate 

1 year 40 0 Immediate 

Particulate Matter 

PM2.5 

24 hour 

65 4 Immediate – 31 Dec 2015 

40 4 1 Jan 2016 – 31 Dec 2029 

25 4 1 Jan 2030 

1 year 

25 0 Immediate – 31 Dec 2015 

20 0 1 Jan 2016 – 31 Dec 2029 

15 0 1 Jan 2030 

PM10 

24 hour 
120 4 Immediate – 31 Dec 2014 

75 4 1 Jan 2015 

1 year 
50 0 Immediate – 31 Dec 2014 

40 0 1 Jan 2015 

 

2.3 National Dust Control Regulations 

The National Dust Control Regulations were gazetted on 1 November 2013 (No. 36974). The purpose of the regulations is 

to prescribe general measures for the control of dust in all areas including residential and light commercial areas. The 

standard for acceptable dustfall rate is set out in Table 2-2.  

 

The method to be used for measuring dustfall rate and the guideline for locating sampling points shall be ASTM D1739: 

1970, or equivalent method approved by any internationally recognized body. 

 

Table 2-2: Acceptable dustfall rates 

Restriction Area 

Dustfall Rate (D) 

(mg/m²/day, 30 days 

average) 

Permitted Frequency of Exceeding Dustfall Rate 

Residential area D<600 Two on a year, not sequential months 

Non-residential area 600<D<1200 Two on a year, not sequential months 
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3 DESCRIPTION OF THE RECEIVING/BASELINE ENVIRONMENT 

The Kamiesberg Mineral Sands Project is situated in the Namakwa District Municipality of the Northern Cape Province, 

approximately 35 km from Garies. The project area includes three prospecting rights, encompassing the farms Roode 

Heuvel, Leeuvlei and Sabies. The assessment only considers the Roode Heuvel Prospecting Right, but impacts as a result 

of mining the Leeuvlei and Sabies sections are likely to be of similar magnitude, depending on the mining and processing 

rates. 

 

The project is located in a very arid environment with average annual rainfall of approximately 100 mm and average annual 

evaporation of 1 900 mm. The area has a very low population density, and the land has predominantly been used for 

pastoral, low density small livestock. 

 

3.1 Air Quality Sensitive Receptors 

The National Ambient Air Quality Standards (NAAQS) and National Dust Control Regulations are based on human exposure 

to specific criteria pollutants and as such, possible sensitive receptors were identified where the public is likely to be 

unwittingly exposed. NAAQS are enforceable outside of mine (and plant) boundaries and therefore a number of sensitive 

receptors have been identified. Due to the low population density in the area, receptors are located widely over the area.  

 

The dispersion modelling domain was defined as 35 km east-west and 40 km north-south to identify sensitive receptors that 

would potentially be affected by the mining of the Zirco Kamiesberg Project prospecting rights (Figure 3-1). Within the 

modelling domain, 27 sensitive receptors were identified; mostly to the south of the Roode Heuvel Prospecting Right (along 

the Groen Rivier) and to the north-east of the domain (Figure 3-1). The impact of the proposed mining on ambient air quality 

was assessed across the modelling domain and at the sensitive receptors. 
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Figure 3-1: Google EarthTM aerial image indicating the dispersion modelling domain and sensitive receptors for the 

Zirco Kamiesberg Project 

 

3.2 Atmospheric Dispersion Potential 

The meteorological characteristics of a site govern the dispersion, transformation and eventual removal of pollutants from 

the atmosphere (Pasquill and Smith, 1983; Godish, 1990). The extent to which pollution will accumulate or disperse in the 

atmosphere is dependent on the degree of thermal and mechanical turbulence within the earth’s boundary layer. Dispersion 

comprises vertical and horizontal components of motion. The vertical component is defined by the stability of the 

atmosphere and the depth of the surface mixing layer. The horizontal dispersion of pollution in the boundary layer is 

primarily a function of the wind field. The wind speed determines both the distance of downwind transport and the rate of 

dilution as a result of plume ‘stretching’. The generation of mechanical turbulence is similarly a function of the wind speed, in 

combination with the surface roughness (due to buildings, topography, vegetation cover, etc.). The wind direction and the 

variability in wind direction, determine the general path pollutants will follow, and the extent of cross-wind spreading (Shaw 

and Munn, 1971; Pasquill and Smith, 1983; Oke, 1990). 

 

Pollution concentration levels therefore fluctuate in response to changes in atmospheric stability, to concurrent variations in 

the mixing depth, and to shifts in the wind field. Spatial variations and diurnal and seasonal changes in the wind field and 

stability regime are functions of atmospheric processes operating at various temporal and spatial scales (Goldreich and 

Tyson, 1988). Atmospheric processes at macro- and meso-scales must be accounted for to accurately parameterise the 

atmospheric dispersion potential of a particular area. A qualitative description of the synoptic climatology of the study region 

is provided based on a review of the pertinent literature. The analysis of meteorological data observed for the proposed site 

will provide the basis for the parameterisation of the meso-scale ventilation potential of the site. 

 

The analysis of at least one year of hourly average meteorological data for the study site is required to facilitate a 

reasonable understanding of the ventilation potential of the site. The most important meteorological parameters to be 
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considered are: wind speed, wind direction, ambient temperature, atmospheric stability and mixing depth. Atmospheric 

stability and mixing depths are not routinely recorded and frequently need to be calculated from diagnostic approaches and 

prognostic equations, using as a basis routinely measured data, e.g. temperature, predicted solar radiation and wind speed. 

 

Meteorological data for the Kamiesberg Project site was only available from October 2013 and was therefore insufficient to 

meet the Draft Regulations Regarding Air Dispersion Modelling (Government Gazette No. 35981, Notice Number 1035 of 

2012; 14 December 2012). Modelled meteorological data (using the MM5 model) covering the Kamiesberg Project area, for 

the period January 2011 to December 2013, was used in the atmospheric dispersion modelling assessment. 

 

3.2.1 Surface Wind Field 

The wind roses for the MM5 modelled meteorological data show predominantly southerly winds, infrequent calm conditions 

(wind speeds less than 1 m/s), and higher wind speeds during the day-time (Figure 3-2). Fewer calm conditions were 

expected in autumn, and the least windy conditions were predicted in winter, where there is also a dominance of north-

westerly winds (Figure 3-3).  

 

A comparison between the wind roses based on MM5 modelled and on-site measured meteorological data (Figure 3-4) 

shows that, over the same period (2013-10-23 to 2013-12-31), the on-site data recorded a stronger northerly flow 

component than the MM5 data. Calm-conditions were also more common in the MM5 data set compared with the on-site 

station. Wind speeds show similar ranges in both data sets, with the wind speed frequently at speeds greater than 6 m/s. It 

is important to note that the surface wind field in MM5 data is based on an anemometer height of 10 m above the surface; 

however, the on-site station has a 2 m anemometer mast (confirmed by Johan de Wet, Zirco; 2014-06-24). The differences 

in wind direction may be related to the height of wind field records and simulations. The comparison between these data 

sets is, however, only for a period of 69 days and caution should be applied when interpreting the differences observed.  
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Figure 3-2: Period, day-time, and night-time wind roses for the Kamiesberg Project site, based on MM5 data 

(January 2011 to December 2013) 

 

 

Figure 3-3: Seasonal wind roses for the Kamiesberg Project site, based on MM5 data (January 2011 to December 

2013) 
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a) MM5 modelled data b) Kamiesberg on-site data 

Figure 3-4: Period wind rose comparison between modelled MM5 data and on-site measured data for the period 

23 October 2013 to 31 December 2013 

 

3.2.2 Temperature 

Air temperature has important implications for the buoyancy of plumes; the larger the temperature difference between the 

plume and the ambient air, the higher the plume is able to rise. Temperature also provides an indication of the extent of 

insolation, and therefore of the rate of development and dissipation of the mixing layer.  

 

The average temperature at the Kamiesberg Project (based on MM5 data) site is 16.0˚C, ranging on average between 

9.4°C in winter to 23.6°C in summer (Figure 3-5). 

 

Figure 3-5: Temperature profile for the Kamiesberg Project site (based on MM5 data) for the period January 2011 to 

December 2013 
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A comparison of the MM5 modelled data and the on-site measured data (Figure 3-6) showed that the modelled data over-

predicts average hourly temperatures in the early morning (01:00 to 07:00) and under-predicts the mid-day temperatures. 

Again, caution should be applied when interpreting these differences, due to the short period of comparison. The under-

prediction in day-time temperatures is likely to result in more conservative pollutant concentrations simulated by the 

dispersion model, as a result of lower thermal mixing heights. 

 

Figure 3-6: Comparison of modelled MM5 and on-site measured hourly average temperature for the Kamiesberg 

Project site 

 

3.3 Status Quo Ambient Air Quality 

3.3.1 Existing sources of emissions near the Kamiesberg Project Site 

The main activities in the vicinity of the Kamiesberg Project site is sheep farming and with associated residences. This land-

use contributes baseline emission sources via vehicle particulate entrainment on unpaved and paved roads, vehicle tailpipe 

emissions. Due to the low population density (0.9 people/km2) of the area, these are not likely to be significant emission 

sources. Wind erosion of sparsely vegetated surfaces is likely to be an additional source of fugitive (emissions that are not 

discharged to the atmosphere in a confined flow stream) particulate emissions. The significant pollutant sources and how 

they are likely to contribute to the ambient air status quo are discussed below. 

 

Vehicle particulate entrainment from unpaved and paved roads 

Emissions from unpaved roads constitute a major source of emissions to the atmosphere in the South African context. The 

force of the wheels of a vehicle traveling on an unpaved road, results in the pulverization of surface material. Particles are 

lifted and dropped from the rolling wheels, and the road surface is exposed to strong turbulent air shear with the surface. 

The turbulent wake behind the vehicle continues to act on the road surface after the vehicle has passed. Dust emissions 

from unpaved roads vary in relation to the vehicle traffic (including average vehicle speed, mean vehicle weight, average 

number of wheels per vehicle) and the silt loading on the roads. 
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Emissions from paved roads are significantly less than those originating from unpaved roads; however, they do contribute to 

the particulate load of the atmosphere. Particulate emissions occur whenever vehicles travel over a paved surface. The 

fugitive dust emissions are due to the re-suspension of loose material on the road surface.  

 

Roads in the vicinity of the Kamiesberg Project include the unpaved district road from the coast to the paved national road –

N7, as well as unpaved farm roads. Approximately 18 km of the district road falls within the modelling domain used in this 

study. Current use of these roads as detailed in the Traffic Impact Assessment (Bailey and Rowlston, 2014) is very low, 

used primarily for access to farmsteads and recreational visitors to Groenriviermond. 

 

Vehicle Tailpipe Emissions 

Emissions resulting from motor vehicles can be grouped into primary and secondary pollutants. While primary pollutants are 

emitted directly into the atmosphere, secondary pollutants form in the atmosphere as a result of chemical reactions. 

Significant primary pollutants emitted by internal combustion engines include carbon dioxide, carbon monoxide, carbon (C), 

sulfur dioxide, oxides of nitrogen (mainly nitric oxide), particulates and lead. Secondary pollutants include nitrogen dioxide, 

photochemical oxidants such as ozone, sulfur acid, sulfates, nitric acid, and nitrate aerosols (particulate matter). Vehicle (i.e. 

model-year, fuel delivery system), fuel (i.e. type, oxygen content), operating (i.e. vehicle speed, load), and environmental 

parameters (i.e. altitude, humidity) influence vehicle emission rates (Onursal and Gautam, 1997). The release of vehicle 

emissions is likely to have localised impacts and be within ambient air quality standards and are considered to be a minor 

contributor to the emissions inventory. 

 

Windblown dust from open areas 

Emissions generated by wind erosion are dependent on the frequency of disturbance of the erodible surface. Every time a 

surface is disturbed, its erosion potential is restored. Parameters which have the potential to impact on the rate of emission 

of fugitive dust include the extent of surface compaction, moisture content, ground cover, particle size distribution, wind 

speed and precipitation. Any factor that binds the erodible material, or otherwise reduces the availability of erodible material 

on the surface, decreases the erosion potential of the fugitive source. High moisture contents, whether due to precipitation 

or deliberate wetting, promote the aggregation and cementation of fines to the surfaces of larger particles, thus decreasing 

the potential for dust emissions. Surface compaction and ground cover similarly reduces the potential for dust generation. 

The shape of a storage pile or disposal dump influences the potential for dust emissions through the alteration of the airflow 

field. The particle size distribution of the material on the disposal site is important since it determines the rate of entrainment 

of material from the surface, the nature of dispersion of the dust plume, and the rate of deposition, which may be anticipated 

(Burger, 1994; Burger et al., 1995). 

 

The vegetation types in the vicinity of the Kamiesberg Project (Namaqualand Strandveld, Namaqualand Sand Fynbos and 

Namaqualand Heuweltjieveld) would result in areas that naturally provide sparse cover. Erodible surfaces may also be a 

result of agriculture and/or grazing activities. The area also frequently experiences high wind speeds (Section 3.2.1), which 

potentially could result in significant emissions. The dominance of coarse sand particles (as illustrated in Table 4-3) in the 

surface aeolian soils, however, will require wind speeds above the threshold value of 8.4 m/s to result in significant 

emissions.  

 

3.3.2 Measured Ambient PM10 concentrations 

 

In the absence of any measured ambient air quality data available for the area, a short-term campaign was conducted at two 

locations near the Roode Heuvel Prospecting Right area (Figure 3-7). Sampling was initiated on the 28th May 2014 and ran 

for 21 days (final collection on the 18th June 2014). Particulate matter with an aerodynamic diameter less than 10μm 

(thoracic particles - PM10) were sampled using a TAS MiniVol sampler; a filter-based, low volume sampler. The filters were 
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exposed for 24 hour periods, before removal and storage in a sealed petri-dish. Daily average ambient PM10 concentrations 

were calculated based on gravimetric analysis of the filters. Annual ambient PM10 concentrations were estimated using a 

daily to annual conversion factors of 0.3, as per the calculation recommended in the Regulations Regarding Air Dispersion 

Modelling (Government Gazette No. 37804, R.533;11 July 2014). 

 

 

Figure 3-7: Sampling locations for the short-term campaign to assess baseline PM10 concentrations 

 

On-site meteorological conditions during the sampling period indicated a dominance of northerly (315 to 45 degrees) winds 

(Table 3-1 and Figure 3-8), with daily vector-averaged wind speeds ranging from calm conditions (less than 1 m/s) to 

4.6 m/s (Table 3-1). The highest hourly average wind speed during the period was 8.85 m/s recorded on 6th June in the 12th 

hour (i.e. near mid-day). Rain was recorded on 10 sampling days, with a total rainfall of 18.5 mm during the sampling period. 

 

Fifteen daily samples were analysed for the North-east sampling point and 13 samples for the South-west sampling point. 

Missing samples (Table 3-2) were as a result of damage to the filters, possibly as a result of exposure to rain, and as a 

result of theft of the MiniVol sampler from the North-east sampling point. Daily average PM10 concentrations at the North-

east sampling point ranged between 6.9 and 54.4 µg/m³, resulting in a sampling period average concentration of 24.3 µg/m³ 

(Table 3-2). At the South-west sampling point daily average PM10 ranged between 12.4 and 62.8 µg/m3 - a sampling period 

average concentration of 28.1 µg/m3 (Table 3-2). Based on the samples collected, annual average PM10 at the two locations 

was estimated to be 16.7 and 19.3 µg/m3 for the North-east and South-West sampling points respectively. The slightly 

higher concentrations sampled at the South-west point may be associated with the proximity to a more frequently used road 

(district road running between the coast and the N7). Higher daily concentrations at both sampling locations were associated 

with higher wind speeds (Figure 3-9), although a slight lag between the high wind speeds and elevated PM10 concentrations 

is evident; for example on the 1st (higher wind speeds) and 2nd June 2014 (elevated PM10 concentrations). 

 

During the sampling period, PM10 concentrations at both sampling points (Figure 3-9), for the daily and (estimated) annual 

averaging periods, complied with the respective 2015 NAAQS limit concentration (75 µg/m³ for daily average and 40 µg/m3 
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for annual averages) (Table 2-1). During extended periods of dry and windy conditions, PM10 concentrations could be 

expected to be higher than those recorded during the baseline sampling campaign. 

 

Table 3-1: Daily average meteorological conditions during the PM10 sampling campaign at Zirco Kamiesberg 

Date 
Daily average 
temperature 

(°C) 

Wind speed * 
(m/s) 

Wind direction * 
(degrees) 

Total daily rainfall 
(mm) 

28/05/2014 15.3 4.5 353.1 1 

29/05/2014 15.3 1.8 315.3 - 

30/05/2014 14.7 0.8 257.8 0.25 

31/05/2014 11.5 1.8 303.9 - 

01/06/2014 14.8 2.4 340.2 0.5 

02/06/2014 11.3 0.7 349.2 - 

03/06/2014 11.6 1.7 351.9 - 

04/06/2014 13.4 4.2 344.6 6.09 

05/06/2014 10.0 1.5 317.3 2.78 

06/06/2014 10.0 0.9 74.9 0.25 

07/06/2014 13.5 1.4 38.7 - 

08/06/2014 12.2 2.6 337.0 - 

09/06/2014 11.4 2.8 284.8 5.58 

10/06/2014 9.2 1.8 104.7 0.25 

11/06/2014 10.2 1.3 72.9 - 

12/06/2014 14.2 1.5 45.6 - 

13/06/2014 19.3 2.6 13.7 - 

14/06/2014 15.5 4.6 341.5 1.27 

15/06/2014 14.1 4.6 346.6 - 

16/06/2014 14.4 1.4 122.8 - 

17/06/2014 13.2 0.8 327.9 - 

18/06/2014 14.2 2.3 301.1 0.5 

* Daily wind direction and wind speed have been vector-averaged. 

 

 

Figure 3-8: Wind roses for the sampling period 28th May to 18th June 2014, as recorded by the Zirco Kamiesberg 

weather station 
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Table 3-2: Baseline daily PM10 concentrations at the Zirco Roode Heuvel Prospecting Right 

Location 
Missing 

samples* 
Minimum daily 
PM10 (µg/m3) 

Average daily 
PM10 (µg/m3) 

Maximum daily 
PM10 (µg/m3) 

Estimated 
annual average 

PM10 (µg/m3) 

North-east of Roode Heuvel 8 6.9 24.3 54.4 16.7 

South-west of Roode Heuvel 6 12.4 28.1 62.8 19.3 

* Missing samples as result of damage to the PM10 filter paper, possibly due to exposure to rain. The MiniVol located at the North-east location was stolen 
from the site four days before the end of the sampling period. 

 

 

Figure 3-9: Daily average PM10 compared with daily wind speed during the Zirco Kamiesberg sampling campaign 
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4 IMPACT OF PROPOSED KAMIESBERG PROJECT ON THE RECEIVING ENVIRONMENT 

4.1 Process Description and Source Identification 

A dry mining process, using excavators and front-end loaders is proposed, where mining rates will peak at 1 880 tph. The 

mining processes will include clearing of vegetation and topsoil stockpiling (for rehabilitation); excavation of the mineralised 

sand after which material will be transferred to a hopper for transfer as slurry to the Primary Concentrator Plant (PCP). 

Gaseous and particulate emissions are expected from the earthmoving equipment used in the dry mining process.  

 

All process steps between the hopper and stockpiling of the Heavy Mineral Concentrate (HMC) will be wet processes, and 

are therefore not likely to be sources of atmospheric emissions. HMC stockpiles are likely to be sources of particulate 

emissions through materials handling, prior to processing in the Mineral Separation Plant (MSP). 

 

Emissions from the MSP, mostly wet processes, include gaseous emissions from the dryer units which will be fuelled by 

paraffin. Pollutants include particulates, mitigation of particulates through baghouse filtering, NOX, and SO2. Product 

stockpiles will be stored in covered areas and atmospheric emissions from materials handlings are likely to be mitigated as a 

result. Product will be hauled to a distribution point by road using the district road to the south of the operations. This will 

result in particulate emissions through vehicle entrainment. 

 

Co-disposal of the slimes and tailings will occur, where possible, in the excavated areas which will be covered with 

stockpiled topsoil and rehabilitated. Where limited by depth, slimes and tailings will be stored in a tailings facility, maximum 

footprint 240 ha, on the eastern boundary of the Roode Heuvel Prospecting Right. 

 

4.2 Screening of Simulated Human Health Impacts (Incremental) 

4.2.1 Construction Phase 

4.2.1.1 Identification of Environmental Aspects and Impact Classification 

 

A list of all the potential dust generation activities expected during the construction phase is provided in Table 4-1.  

Unmitigated construction activities provide the potential for impacts on local communities. On-site dustfall may also 

represent a nuisance to employees. The construction during this period was not assessed quantitatively, however, as the 

impacts are expected to be temporary and minor in comparison to operational impacts. 
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Table 4-1: Typical sources of fugitive particulate emission associated with construction 

Impact Source Activity 

Gases Vehicle tailpipe Transport and general construction activities 

TSP, PM10 and 
PM2.5  

Plant complex and TSF 
facilities 

Clearing of groundcover 

Levelling of area 

Infrastructure edifice (on site roads, storage areas, plant infrastructure, offices, 
workshops) 

Wind erosion from open areas 

Materials handling 

Transport infrastructure 
Clearing of vegetation and topsoil 

Levelling of proposed transportation route areas 

 

4.2.1.2 Mitigation Measures Recommended 

 

Incremental dustfall rates, as well as, PM10 and PM2.5 concentrations due to the Construction Phase will be of relatively 

short-term and of local impact. The implementation of effective controls during this phase would, however, also serve to set 

the precedent for mitigation during the operational phase. 

 

Dust control measures which may be implemented during the construction phase are outlined in Table 4-2. Control 

techniques for fugitive dust sources generally involve watering, chemical stabilization, and the reduction of surface wind 

speed though the use of windbreaks and source enclosures. 

 

Table 4-2: Dust control measures that may be implemented during construction activities 

Construction Activity Recommended Control Measure(s) 

Debris handling Wet suppression (hourly watering recommended) 

Truck transport and road dust 
entrainment 

Wet suppression (hourly watering recommended) or chemical stabilization of unpaved roads 

Haul trucks to be restricted to specified haul roads using the most direct route  

Reduction of unnecessary traffic 

Strict on-site speed control (i.e. 40 km/hr for haul trucks) 

Materials storage, handling and transfer 
operations 

Wet suppression where feasible, possibly using continuous sprays 

Earthmoving operations Wet suppression (hourly watering recommended) where feasible 

Open areas (wind-blown 

emissions) 

Reduction of extent of open areas in order to minimise the time between clearing and 
infrastructure construction; and/or use wind breaks and water suppression to reduce 
emissions from open areas 

Restriction of disturbance to periods of low wind speeds (less than 5 m/s) 

Stabilisation (chemical, rock cladding or vegetative) of disturbed soil 

Re-vegetation of cleared areas as soon as practically feasible  
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4.2.2 Operational Phase 

 

4.2.2.1 Emissions Inventory 

 

A detailed description of the emission factors used in the calculation of the fugitive dust emissions is provided in Appendix A. 

Three scenarios were modelled for the Kamiesberg Project: 

 RoM is mined at a maximum rate of 1 880 tph (years 7 to 20) in order to produce ilmenite product of 57 tph – All 

emissions were uncontrolled (unmitigated). 

 RoM is mined at a maximum rate of 1 880 tph (years 7 to 20) in order to produce ilmenite product of 57 tph – 

Where feasible emissions controls were assumed to be implemented (mitigated). 

 RoM is mined at a maximum rate of 1 880 tph (years 7 to 20) in order to produce ilmenite product of 57 tph – All 

road surfaces were considered as paved (tarred) (paved). 

 

4.2.2.1.1 Wind Erosion 

 

Significant emissions may arise due to the mechanical disturbance of granular material from open areas and storage piles. 

Parameters which have the potential to impact on the rate of emission of fugitive dust include the extent of surface 

compaction, moisture content, ground cover, the shape of the storage pile, particle size distribution, wind speed and 

precipitation. Any factor that binds the erodible material, or otherwise reduces the availability of erodible material on the 

surface, decreases the erosion potential of the fugitive source. High moisture contents, whether due to precipitation or 

deliberate wetting, promote the aggregation and cementation of fines to the surfaces of larger particles, thus decreasing the 

potential for dust emissions. Surface compaction and ground cover similarly reduces the potential for dust generation. The 

shape of a storage pile or disposal dump influences the potential for dust emissions through the alteration of the airflow field. 

The particle size distribution of the material on the disposal site is important since it determines the rate of entrainment of 

material from the surface, the nature of dispersion of the dust plume, and the rate of deposition, which may be anticipated 

(Burger, 1994; Burger et al., 1995). 

 

An hourly emissions file was created for the tailing storage facility (TSF). The calculation of an emission rate for every hour 

of the simulation period was carried out using the ADDAS model. The windblown dust from the HMC stockpiles was 

calculated (also using ADDAS) to be negligible. The particle size distribution for the tailings material used for the 

assessment was assumed was obtained from similar operations (Table 4-3).  

 

Table 4-3: Particle size distribution (as a fraction) for the tailings material 

Screen Size (µm) Fraction 

0.5 0.070 

1 0.740 

2 0.151 

5 0.007 

10 0.005 

15 0.004 

30 0.001 

45 0.001 

75 0.002 

150 0.006 

300 0.009 

555 0.003 
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4.2.2.1.2 Fugitive Dust Emissions from Materials Handling Operations 

 

Materials handling operations associated with the activities at the Kamiesberg Project include the transfer of material by 

means of tipping, loading and off-loading. The quantity of dust that will be generated from such operations will depend on 

various climatic parameters, such as wind speed and precipitation, in addition to non-climatic parameters such as the nature 

(i.e. moisture content) and volume of the material handled. Fine particulates are most readily disaggregated and released to 

the atmosphere during the material transfer process, as a result of exposure to strong winds. Increases in the moisture 

content of the material being transferred would decrease the potential for dust emissions, since moisture promotes the 

aggregation and cementation of fines to the surfaces of larger particles. 

 

The quantity of dust generated from the material transfer points for Kamiesberg activities was based on the throughput of 

material provided (Table 4-4). The PM10 and PM2.5 fraction of the TSP was assumed to be 35% and 11% respectively. An 

average wind speed of 3.7 m/s was used based on meteorological data for the period January 2011 to December 2013. 

 

Table 4-4: Average throughput of material due to materials handling activities 

Description Quantity (tonnes per hour) 

Excavation 1 880 

FEL to hopper 1 880 

PCP to HMC stockpiles 90 

HMC stockpile to MSP 90 

Conveyor to product stockpile 81 

FEL product to tipper truck 57 

 

4.2.2.1.3 Vehicle Entrained Dust from Roads 

 

In the absence of site specific silt data, use was made of US EPA default mean silt content of 8.3% for unpaved and 

0.6 g/m2 for paved roads (i.e. plant access road and district road for road haulage of product). The details of the truck-type 

typically used for road haulage were provided. This information was used to calculate the emissions from this fugitive dust 

source for the movement of material on-site and on the district road to the N7 as the most direct haulage route (Table 4-5). 

These fugitive dust sources were modelled as unmitigated and mitigated activities where 75% control efficiency on unpaved 

roads was assumed through the use of water suppression. A scenario where the roads had been paved (tarred) was also 

considered. 
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Table 4-5: Parameters used to calculate vehicle entrainment emissions from unpaved roads for the Kamiesberg 

Project 

Unpaved haul road 
Throughput 

(tonnes per day) 

Length 
(m) 

Annual emissions (tpa) 

TSP PM10 PM2.5 

Without mitigation 

On-site access road 1 559 1 900 67.82 19.29 1.93 

District haul road 1 559 18 074a 648.72 184.47 18.45 

With mitigation 

On-site access road 1 559 1 900 16.96 4.82 0.48 

District haul road 1 559 18 074 162.18 46.12 4.61 

Paved roads 

On-site access road 1 559 1 900 4.72 0.91 0.22 

District haul road 1 559 18 074 45.13 8.66 2.10 

a. The portion of the district road within modelling domain is 18.074 km. The full distance to the paved national road (N7) is approximately 49 km. 
b. 75% control efficiency can be achieved by an hourly watering at an average rate of 0.4 ℓ/m2.hr 

 

4.2.2.1.4 Vehicle Exhaust Emissions 

 

The vehicle exhaust emissions are related to vehicle speed and mass. The Australian NPi (Commonwealth of Australia 

2001) provides emission factors per kWh. To convert these factors to the emission rate required for dispersion modelling, 

typical engine capacity for the various vehicles used was applied. The emission of diesel particulates, nitrogen dioxide, and, 

sulfur dioxide from vehicles associated with the Kamiesberg Project activities were calculated (Table 4-6). The emissions 

from mobile sources (e.g. excavators, front-end loaders, etc.) were calculated assuming an average of 75% availability in 

order to allow for periods when vehicles were idling and not operating. 

 

Table 4-6: Parameters used to calculate vehicle exhaust emissions from mobile equipment for the Kamiesberg 

Project 

Vehicle a 
Number of 
vehicles a 

Power 
(kW) 

Emission factors b 
(kg/kWh) 

NO NO2 PM10 PM2.5 

Cat 772 grader 1 198 0.0096 0.0000075 0.00084 0.00077 

Cat 988H FEL 2 373 0.012 0.0000075 0.0011 0.00099 

Bell 40 ADT 1 234.9 0.011 0.0000077 0.00067 0.00062 

Cat 390 excavator 1 390 0.01 0.0000073 0.00093 0.00085 

Bulldozer 1 433 0.01 0.0000073 0.00093 0.00085 

a. Vehicle types and number of operational vehicles as per the Zirco Pre-Feasibility Study (2014). All vehicle exhaust emissions were calculated 
assuming and average of 75% availability to allow for idling and non-operational periods. 

b. From the Australian NPi (2001)  

 

4.2.2.1.5 Emissions from Dryer Units 

 

The source parameters for the two MSP dryer units were provided. The emissions from the dryer unit stacks were calculated 

based on the information provided (Table 4-7) and assuming the emissions would comply with the MES for Subcategory 4.1 

Listed Activities (Figure 2-1). 
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Table 4-7: Stack (design) parameters and emissions (based on MES) for the MSP dryer units 

Parameters DR2500 DR750 

Stack Height (m) 21 21 

Stack Diameter (m) 0.65 0.20 

Exit Gas Temperature (°C) 75.0 72.6 

Exit Velocity (m/s) 14 14 

SO2 (g/s) 17.04 1.67 

NOx (g/s) 10.37 0.10 

PM (g/s) 32.44 0.03 

 

4.2.2.1.6 Summary of emissions 

 

Inhalable particulate emissions calculated for various source groups are given in Table 4-8. For the proposed Kamiesberg 

Project operations, emissions due to vehicle entrainment represent the largest source of particulate emissions. 

 

Table 4-8: Calculated particulate emissions due to proposed Kamiesberg Project operations 

Description 
Emissions (tpa) 

TSP PM10 PM2.5 

Unmitigated emissions 

Vehicle exhaust - 12.55 11.41 

Dryer stacks - 1 023.90 - 

Materials Handling 23.10 10.93 1.20 

Vehicle entrainment 716.55 203.76 20.38 

Windblown dust 155.38 84.89 72.72 

Total 2 183.98 1 721.47 170.60 

Mitigated emissions – watering programme for roads 

Vehicle exhaust - 12.55 11.41 

Dryer stacks - 1 023.87 - 

Materials Handling (covered product transfer points – 70% effective) 22.52 10.65 1.17 

Vehicle entrainment (wetting of road surface – 75% effective) 179.14 50.94 5.09 

Windblown dust 155.38 84.89 72.72 

Total 753.00 1 308.73 121.42 

Mitigated emissions – paved roads 

Vehicle exhaust - 12.55 11.41 

Dryer stacks - 1 023.87 - 

Materials Handling (covered product transfer points – 70% effective) 22.52 10.65 1.17 

Vehicle entrainment (paved roads) 49.85 9.57 2.32 

Windblown dust 155.38 84.89 72.72 

Total 753.00 1 308.73 121.42 

 

The sources of gaseous emissions were expected to be from the mobile sources from vehicle exhaust and from the dryers, 

where the dryers were the largest contributors (Table 4-9). The emission rates calculated for the dryers were, 

conservatively, based on emission standards for Category 4.1 Listed Activities (Section 2.1; Figure 2-1).  
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Table 4-9: Contribution of vehicle exhaust and the dryer units to unmitigated emissions 

Pollutant 
Pollutant emissions (tpa) 

Vehicle exhaust Dryers 

PM10 12.55 1 023.90 

PM2.5 11.41 - 

SO2 0.10 590.10 

NOX 142.35 330.30 

 

4.2.2.2 Dispersion Simulation Results 

 

Isopleth plots indicating areas where impacts were simulated are provided for the relevant pollutants of concern. For 

particulates, only plots where exceedances of the National Ambient Air Quality Standards (NAAQS) occur were included. 

Simulated dustfall rates were also included in the current section. For the gaseous pollutants, plots are provided for 

simulated short-term concentrations; no exceedances of the NAAQS were simulated. The simulated impacts are due to 

proposed operations at the Kamiesberg Project only. 

 

Isopleth plots reflecting hourly or daily averaging periods contain only the highest predicted ground-level concentrations for 

that averaging period, over the entire period for which simulations were undertaken. It is therefore possible that even though 

a high hourly / daily concentration is predicted to occur at certain locations, that this may only be true for one hour / day 

during the entire period. 

 

4.2.2.2.1 Dustfall rates 

 

The predicted area of exceedance of the dustfall regulations for the domain is provided in Figure 4-1. Elevated dustfall rates 

were associated with the contribution of emissions from vehicle entrainment which can be mitigated, to some extent, through 

watering (Table 4-8). Additional mitigation measures to limit vehicle entrained emissions are discussed in Section 5.2. 

Further reductions of dustfall rates were simulated for the upgrade of roads surfaces to a paved / tarred surface (Figure 4-1). 
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Figure 4-1: Simulated maximum dust fallout rates as a result of the proposed Kamiesberg Project 

 

4.2.2.2.2 Daily PM10 concentrations 

 

Areas where simulated elevated PM10 concentrations in non-compliance with the daily NAAQS (i.e. more than 4 days per 

year where the concentration exceeds 75 µg/m3) are limited to the vicinity of the unpaved roads and close to the tailings 

facility (Figure 4-2). Impacts could be mitigated through an effective watering programme or through the application of 

chemical suppressants (Section 5.20). Paving of the road surfaces would reduce PM10 concentrations near the district road 

to within the NAAQS daily standard (Figure 4-2).  

 

Simulated annual average PM10 concentrations did not exceed the NAAQS beyond the operational boundary (plot not 

shown). 
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Figure 4-2: Simulated frequency of exceedance of the daily NAAQ limit concentration for PM10 

 

4.2.2.2.3 Daily PM2.5 concentrations 

 

The simulated impact of the mining operations on ambient PM2.5 concentrations is limited to the vicinity of the unpaved 

district road and the tailings facility (Figure 4-3). The simulated impact of the tailings facility is likely a result of the fine 

material (slimes) that will be co-disposed with coarse tailings; however, the impacts are localised within the boundary of the 

Roode Heuvel Prospecting Right. 

 

For this pollutant, mitigation of the dust emissions from the unpaved road through watering (75% effective) will bring the off-

site impacts in compliance with NAAQS. Simulated annual average PM2.5 concentrations comply with the annual NAAQS 

(plot not shown). 
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Figure 4-3: Simulated frequency of exceedance of daily NAAQ limit concentration for PM2.5 for the Kamiesberg 

Project 

 

4.2.2.2.4 Hourly sulfur dioxide (SO2) concentrations 

 

No exceedances of the hourly SO2 NAAQS were simulated across the domain (Figure 4-4). Areas close the dryers are likely 

to experience slightly elevated ambient concentrations. 

 

4.2.2.2.5 Hourly nitrogen dioxide (NO2) concentrations 

 

Compliance with hourly NO2 NAAQS was simulated across the domain (Figure 4-5), considering all NOX sources and 

conservatively assuming that all NOX will oxidise to NO2. Slightly elevated concentrations are expected close to the 

processing plant. Off-site impacts are expected to be negligible.  
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Figure 4-4: Simulated hourly SO2 concentrations and frequency of exceedance for the Kamiesberg Project 
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Figure 4-5: Simulated hourly NO2 concentrations and frequency of exceedance for the Kamiesberg Project 
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4.2.3 Closure Phase 

It is assumed that all the operations will have ceased by the closure phase of the project. The potential for impacts during 

this phase will depend on the extent of demolition and rehabilitation efforts during closure. Aspects and activities associated 

with the demolition and closure phase of the proposed operations are listed in Table 4-10. 

 

Simulations of the closure phase were not included in the current study due to its temporary impacting nature. 

 

Table 4-10: Activities and aspects identified for the closure phase  

Impact Source Activity 

Generation of 
TSP, PM10, 
and PM2.5 

Plant site Infrastructure removal at plant site 

Unpaved roads Vehicle entrainment on unpaved road surfaces 

Gas 
emissions 

Vehicles Tailpipe emissions from vehicles utilised during the closure phase. 

 

4.2.3.1 Overview of Dust Control Measures for Exposed Surfaces 

 

Dust control measures for open areas can consist of wet suppression, chemical suppressants, vegetation, wind breaks, etc.  

Wet suppressants and chemical suppressants are generally applied for short storage pile durations.  For long-term control 

measures vegetation frequently represents the most cost-effective and efficient control. 

Long-term Control Measures 

 

Vegetation cover retards erosion by binding the soil with a root network, by sheltering the soil surface and by trapping 

material already eroded. Sheltering occurs by reducing the wind velocity close to the surface, thus reducing the erosion 

potential and volume of material removed. The trapping of the material already removed by wind and in suspension in the air 

is an important secondary effect. Vegetation is also considered the most effective control measure in terms of its ability to 

also control water erosion. In investigating the feasibility of vegetation types the following properties are normally taken into 

account: indigenous plants; ability to establish and regenerate quickly; proven effective for reclamation elsewhere; tolerant 

to the climatic conditions of the area; high rate of root production; easily propagated by seed or cuttings; and nitrogen-fixing 

ability. The long-term effectiveness of suitable vegetation selected for the site will be dependent on the nature of the cover. 

 

4.3 Impact Significance Rating 

The atmospheric modelling study above provides the necessary information to assess the impacts of the project on the 

ambient air quality at various relevant spatial and temporal scales.  

 

The individual impacts have been grouped together as a series of key air quality issues. All of the issues relate to the 

change in ambient air quality outside the mine boundary, within the modelling domain (roughly within 40 km of mine). At the 

spatial scale of the project area the impacts described below will probably be moderate. The main issues identified with the 

existing impacts are discussed below. 
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ISSUE 1: The status quo of ambient air quality / “without project” scenario 

 

In order to contextualise the potential impacts of the proposed mining and processing project, the status quo (i.e. baseline) 

ambient air quality should be considered. This baseline can then be used to compare against the project specific impacts. 

 

Cause / Comment: 

The pollutant of concern under the current land-use would be particulates that would result in elevated levels of dustfall, as 

well as elevated PM10 and PM2.5 concentrations. The likely emissions sources would be wind erosion of areas where 

vegetation cover is limited and vehicle entrainment of particulates from the unpaved district and farm roads. 

 

Significance Statement: 

Due to the dominance of coarse particles in the surface soils, windblown dust will probably impact dustfall rates within the 

study area only during high wind speed events. The temporal scale of the impact is permanent as a result of the climate of 

the area. Vehicle entrainment emissions are likely to be localised in the short-term, as a result of the very low population 

density of the area and associated infrequency of vehicles travelling on the district road. The overall significance is LOW. 

 

Status-quo ambient air quality 

Pollutant: particulates 

Impact 
Effect 

Risk or Likelihood 
Overall 

Significance Temporal Scale Spatial Scale Severity of Impact 

Without mitigation Permanent Study area Moderate Probable LOW 

 

 

 

ISSUE 2: Construction and closure phase impacts on ambient air quality 

The construction of the infrastructure associated with the mine and processing plant is likely to negatively impact ambient air 

quality in the short-term. Similar impacts are expected during the closure phase of the project. 

 

Cause / Comment: 

Disturbance of the surface soils during the construction of the mine and processing plant is likely to result in particulate 

emissions from the following sources: materials handling, cleared areas awaiting infrastructure construction, and vehicle 

movement. Gaseous emissions are likely from the exhaust emissions. The spatial impact of the construction phase is likely 

to be within the study area. These impacts are expected to be restricted to the short-term.  

 

Significance Statement: 

The short duration of the construction activities will probably to have a LOW NEGATIVE impact on the concentration of 

particulate, SO2 and NOX within the study area. 

 

Construction phase impacts on ambient air quality 

Pollutant: particulates, SO2, NOX 

Impact 
Effect 

Risk or Likelihood 
Overall 

Significance Temporal Scale Spatial Scale Severity of Impact 

Without mitigation Short-term Study area Severe Probable LOW 
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ISSUE 3: Operational phase impact on ambient air quality 

The operational phase of the mining and processing of mineral sands at the Zirco Kamiesberg Project is likely to affect two 

issues regarding ambient air quality. These two issues are detailed below. 

 

ISSUE 3.1: Operational phase impact on particulates 

 

Cause / Comment: 

Unmitigated mining operations and road haulage of the product was shown, during the atmospheric modelling study, to 

result in elevated particulate emissions, resulting in a negative effect on ambient air quality and potentially non-compliance 

with the National Dustfall Control Regulations. 

 

Significance Statement: 

The simulated impact of unmitigated mining operations and road haulage of product will probably impact the dustfall rates 

across the study area very severely during the life-time of the mine (long-term). With mitigation, the impacts will be similar 

in temporal and spatial scales but the severity is likely to be severe. The overall significance of the impact is MODERATE. 

Additional mitigation methods are recommended in Section 5. 

 

Operational phase impact on ambient air quality 

Pollutant: particulates 

Impact 
Effect 

Risk or Likelihood 
Overall 

Significance Temporal Scale Spatial Scale Severity of Impact 

Without mitigation Long-term Study area Very severe Probable MODERATE 

With mitigation Long-term Study area Severe Probable MODERATE 

 

ISSUE 3.2: Operational phase impact on gaseous pollutants 

 

Cause / Comment: 

The gaseous pollutants emitted from the dryers in the Mineral Separation Plant are regulated as Listed Activities 

Subcategory 4.1. The pollutants of concern, and regulated under the Listed Activities, are SO2, NOX (as NO2). For a 

conservative estimate it was assumed that emissions from the dryer units would be close to the Minimum Emission 

Standards permitted for Subcategory 4.1 activities (Figure 2-1). 

 

Significance Statement: 

The simulated impact of combustion of paraffin in the dryer units of the Mineral Separation Plant may result in slightly 

elevated SO2 and NOX concentrations locally during the life-time of the mine (long-term). The overall significance of the 

impact is LOW. Additional mitigation methods are recommended in Section 5. 

 

Operational phase impact on gaseous pollutants 

Pollutant: SO2, NOX 

Impact 
Effect 

Risk or Likelihood 
Overall 

Significance Temporal Scale Spatial Scale Severity of Impact 

At Minimum 
Emission Standards 

Long-term Localised Slight May occur LOW 
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5 RECOMMENDED AIR QUALITY MANAGEMENT MEASURES 

5.1 Air Quality Management Objectives 

The objective of air quality management is to ensure compliance with Occupational Health and Safety Act (Act No. 85 of 

1993) at the Zirco Kamiesberg Project operations and the NAAQS and National Dust Control Regulations 

(Sections 2.2 and 2.3) outside of the Zirco Kamiesberg operational boundary. The following sections focus on achieving 

compliance with the NAAQS and National Dust Control Regulations. Specific air quality management objectives are 

provided in Table 5-1.  The management and monitoring of all operations at the mine should be evaluated on a daily basis 

and appropriate actions taken to minimise dust generation and impacts. 

 

Table 5-1: Air Quality Management Plan for the proposed Zirco Kamiesberg Project operations 

Aspect Impact Management Actions/Objectives Target Date 

Wind erosion from 
exposed areas and TSF 

PM10 and PM2.5 
concentrations and 
dustfall rates 

Reshape all disturbed areas to their natural contours. 

Cover disturbed areas with previously collected topsoil and replant 
native species. 

Progressive vegetation of side walls of the tailings facility to ensure 
80% cover up to 1 m from the top.  Proper vegetation cover would 
result in a control efficiency of around 60%. 

On-going and 
post-
operational 
phase 

Materials handling 
operations 

PM10 and PM2.5 
concentrations and 
dustfall rates 

Drop height from excavator into haul trucks to be kept at a minimum 
for mineral sands. 

Duration of 
operations 

Vehicle activity on 
unpaved haul roads 

PM10 and PM2.5 
concentrations and 
dustfall rates 

Regular water sprays preferably combined with chemicals on 
unpaved haul roads to ensure 75% control efficiency (estimated 
watering rates required provided in Figure 5-1) 

Speed limit on unpaved roads not to exceed 40 km/h. 

Duration of 
operations 

Vehicle tailpipe 
emissions 

Particulate and 
gaseous pollutant 
concentrations 

Minimisation of gaseous emissions by preventative controls 
including: minimisation of vehicle idling times, regular maintenance 
and servicing of vehicles according to manufacturer’s guidance. 

Duration of 
operations 

Source Monitoring 
Particulate and 
gaseous pollutant 
emissions 

Regular monitoring of the emissions from the dryer stacks is likely to 
be stipulated in the conditions of the Atmospheric Emissions License 
to ensure compliance with the emissions standards. Regular 
servicing and maintenance of dust abatement units, i.e. cyclones 
and baghouse. 

Duration of 
operations 

Ambient Monitoring 
Dustfall rates and 
PM10 
concentrations 

Establish and maintain a dustfall monitoring network, as shown in 
Figure 5-2. Dust fallout rates to be below 1 200 mg/m².day at the 
property boundary and below 600 mg/m2.day at residences 
surrounding the mining operations, averaged over 30 days. 
Establish and maintain a continuous PM10 monitor, possibly at the 
current meteorological stations (Figure 5-2). An evaluation of the 
available PM10 monitor types is provided in Appendix B. 

Duration of 
operations 
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Figure 5-1: Estimated watering rates to achieve a 75% control efficiency of particulate emissions from vehicle 

entrainment on unpaved roads 

 

 

Figure 5-2: Recommended air quality monitoring network for the operational phase of the Kamiesberg Project, 

Roode Heuvel Prospecting Right 
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5.2 Source Specific Recommended Management and Mitigation Measures 

Two scenarios were considered in the assessment of the Zirco Kamiesberg Project operations: (i) where emissions to the 

atmosphere were uncontrolled; and, (ii) where feasible emissions mitigation could be implemented, as would be good 

practice. Mitigation practices included handling and loading of product under cover, with a control efficiency of 70% (as 

proposed in Zirco Pre-Feasibility Study, 2013); and, a watering programme to minimise particulate emissions from vehicle 

entrainment on unpaved roads, with a control efficiency of 70%.  

 

These mitigation measures proved insufficient to limit the predicted impacts to the mine areas and further mitigation 

measures are recommended to ensure compliance with NAAQS at residences along the Groen Rivier, adjacent to the 

district road that will be used to transport product from the mine. Three types of mitigation measures can be employed to 

reduce emissions from unpaved roads, namely:  

 measures aimed at reducing the extent of unpaved roads, e.g. paving,  

 traffic control measures aimed at reducing the entrainment of material by restricting traffic volumes and reducing 

vehicle speeds, and , 

 measures aimed at binding the surface material or enhancing moisture retention, such as wet suppression and 

chemical stabilisation (US EPA, 1987; APCD, 1995). 

The application of chemical dust palliatives together with booming and the optimal selection of wearing course materials are 

other viable options to mitigate particulate emissions from unpaved road surfaces. Dust palliative classes include (Jones, 

1996; Australian Roads Research Board - ARRB., 1996; Thompson and Visser, 2007): 

 water groundwater containing dissolved salts or watering agents; 

 hygroscopic salts; 

 lignosulfonates; 

 petroleum (or sulfonated petroleum) resins; 

 polymer emulsions; and, 

 tar – and bitumen – emulsion products. 

 

These palliative classes have climatic, wearing course and traffic limitations, and therefore careful investigation should be 

done before deciding which class to use in a certain mining environment. Table 5-2 summarises of the main climatic and 

wearing course limitations associated with each of these classes, as well as treatment maintenance and self-repair 

capability, tendency to leach out or accumulate and general comments (UMA Engineering Ltd., 1987; Thompson and Visser, 

2007). 

 

The specific content of fine particles (<0.075 mm) contained in the host material of unpaved roads in the vicinity of the 

Kamiesberg Project were not available for the project and default value of 8.3% was used in the emissions inventory. Based 

on the extended dry periods and generally low relative humidity, appropriate choices for chemical palliatives would be 

lignosulfonates, petroleum and tar-bitumen based products and others (as listed in Table 5-2). The use of dust palliatives 

has the potential to deliver cost savings compared with water-based spraying, although not necessarily initially but in the 

longer term. 
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Table 5-2: A summary of palliative class climatic, wearing course material and traffic limitations (from Thompson 

and Visser, modified from UMA Engineering, 1987) 

Criterion Hygroscopic salts Lignosulfonates 

Petroleum and tar-

bitumen based 

products 

Others1 

Climatic limitations 

Salts lose effectiveness in 

continual dry periods with 

low relative humidity. 

Selection dependant on 

relative humidity and 

potential to water road 

surface. 

Retains effectiveness during 

long dry period with low 

humidity. 

Generally effective, 

regardless of climate but 

will pothole (small 

diameter) in wet weather 

where fines content of 

wearing course is high. 

Generally effective, 

regardless of climate. 

Wearing course 

material limitations 

Recommended for use 

with moderate surface 

fines (max: 10 – 20% 

<0.075 mm). Not suitable 

for low fines materials or 

high shrinkage product/ 

PI2, low CBR3 or slippery 

materials. 

Recommended for use 

where high (<30% 

<0.075 mm) fines exist in a 

dense graded gravel with no 

loose material. 

Performs best with low 

fines content 

(<10% < 0.075 mm). 

Use low viscosity 

products on dense fine 

grained material, more 

viscous products on 

looser, open-textured 

material.  

PI range 8 - 35. Fines 

limit 15-55% 

<0.075 mm. Minimum 

density ratio 99% MDD 

(Mod). Performance 

may be dependent on 

clay mineralogy 

(enzymes). 

Treatment 

maintenance and 

self-repair capability 

Reblade under moist 

conditions. CaCl2 is more 

amenable to spray-on 

application. Low 

shrinkage product 

materials may shear and 

corrugate with high speed 

trucks. Shear can self-

repair.  

Best applied as an initial 

mix-in and quality of 

construction important. Low 

shrinkage product materials 

may shear and corrugate 

with high speed trucks. 

Tendency to shear or form 

‘biscuit’ layer in dry weather 

– no self-repairing. 

Requires sound base 

and attention to 

compaction moisture 

content. Slow speed, 

tight radius turning will 

cause shearing – not 

self-repairing, but 

amenable to spot 

repairs. 

Mix-in application – 

sensitive to 

construction quality. 

Difficult to maintain – 

rework. Generally no 

problem once cured. 

Tendency to leach 

out or accumulate 

Leaches down or out of 

pavement. Repeated 

applications accumulate. 

Leaches in rain if not 

sufficiently cured. Gradually 

oxidise and leach out. 

Repeated applications 

accumulate. 

Does not leach. 

Repeated applications 

accumulate. 

Efficacy depends on 

the cation exchange 

capacity of the host 

material. Repeated 

applications 

accumulate.  

Comments 

A high content of fines 

may become slippery 

when wet. Corrosion 

problems may result. 

Generally ineffective if 

wearing course contains 

little fine material or there is 

excessive loose gravel on 

the road.  

Long-lasting – more 

effective in dry climates. 

May cause layering after 

several spray-on re-

treatments especially 

where fines content > 

15% <0.075 mm. 

Generally ineffective e 

if material is low in 

fines content or where 

loose gravel exists on 

surface. Curing period 

required.  

1: sulfonated petroleum, ionic products, polymers and enzymes 
2: PI for Plasticity Index 
3: CBR for California bearing ration (%) 
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6 CONCLUSIONS 

From the baseline assessment and atmospheric dispersion modelling the following conclusions can be drawn: 

 

 The dominant wind-field is from the south (south-westerly) with occasional flow from the northerly sector. Wind 

speeds are moderate to high with few calm periods. 

 Baseline emission sources are likely to be fugitive predominantly from windblown dust, and from vehicle dust 

entrainment on unpaved roads. 

 The proposed mining operations and processing plant are not likely to result in non-compliance with NAAQS for 

PM2.5, SO2 or NO2 in the short-term. 

 Exceedances of the daily PM10 NAAQS (i.e. more than 4 days per year with average daily concentrations in 

excess of 75 µg/m3) were simulated to be localized near the unpaved district road; however a watering 

programme or paving of the road surfaces will be effective in minimizing the area of impact. 

 Dustfall rates are likely to exceed the National Dustfall Regulation standard for residential areas outside of the 

Prospecting Right boundary, even if emissions were mitigated through a watering programme, mainly as a result 

of vehicle entrainment. Further mitigation through paving the road surfaces is recommended. 
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8 APPENDIX A: EMISSION FACTORS AND EQUATIONS 

 

A.1 Vehicle-Entrained Emissions from Unpaved Roads 

 

All road surfaces onsite were assumed to be unpaved as a conservative approach.  Vehicle-entrained dust emissions from 

unpaved haul roads represent a potentially significant source of fugitive dust.  The force of the wheels of vehicles travelling 

on unpaved roadways causes pulverisation of surface material.  Particles are lifted and dropped from the rotating wheels, 

and the road surface is exposed to strong air currents in turbulent shear with the surface.  The turbulent wake behind the 

vehicle continues to affect the road surface once the vehicle has passed.  The quantity of dust emissions from unpaved 

roads varies linearly with the volume of traffic.  In addition to traffic volumes, emissions also depend on a number of 

parameters which characterise the condition of a particular road and the associated vehicle traffic; including average vehicle 

speed, mean vehicle weight, average number of wheels per vehicle, road surface texture, and road surface moisture (US 

EPA, 1998).  

 

The unpaved road size-specific emission factor equation of the US EPA, used in the quantification of emissions, is given as 

follows: 

 

ba Ws
kE )

3
()

12
(  

 

where, 

 E = emissions in lb of particulates per vehicle mile travelled (lb/VMT) – 1 lb/VMT = 281.9 g/VKT (vehicle kilometres 

travelled) 

 k = particle size multiplier (dimensionless) 

 s = silt content of road surface material (%) 

 W = mean vehicle weight (tonnes) 

 

The particle size multiplier in the equation (k) varies with aerodynamic particle size range and is given as 0.15 for PM2.5, 1.5 

for PM10 and 4.9 for total suspended particulates (TSP).  a and b are given as 0.9 and 0.45 respectively for PM2.5 and PM10 

and as 0.7 and 0.45 respectively for TSP. 

 

A.2 Vehicle Entrained Emissions from Paved Roads 

The EPA Provides emission factors for paved roads (in g/vkt Vkt= vehicle kilometres travelled) the TSP is described as: 

      (  )
    ( )     

Where, 

ETSP  = Emission Factor for TSP in g/VKT 

k = Particle Size multiplier = 3.23 g/VKT 

sL = Road surface silt loading (g/m2) 

W = Average weight of vehicles (tons) 

 

And the PM10 and PM2.5 can be described using the same equation with particle size multipliers (k) of 0.62 and 0.15, 

respectively. 
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A.3 Fugitive Dust Emissions from Tipping Operations 

 

Materials handling operations include the transfer of material by means of tipping, loading and off-loading of trucks.  The 

quantity of dust that will be generated from such loading and off-loading operations will depend on various climatic 

parameters, such as wind speed and precipitation, in addition to non-climatic parameters such as the nature (i.e. moisture 

content) and volume of the material handled.  Fine particulates are most readily disaggregated and released to the 

atmosphere during the material transfer process, as a result of exposure to strong winds.  Increases in the moisture content 

of the material being transferred would decrease the potential for dust emissions, since moisture promotes the aggregation 

and cementation of fines to the surfaces of larger particles. 

 

The following predictive US-EPA equation was used to estimate emissions from materials handling operations: 

 

 
  4.1

3.1

2

2.2
0016.0

M
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where, 

ETSP = Total Suspended Particulate emission factor (kg dust / t transferred) 

U = Mean wind speed (m/s) 

M = Material moisture content (%) 

 

A.4 Wind Erosion 

 

Significant emissions arise due to the mechanical disturbance of granular material from open areas and storage piles.  

Parameters which have the potential to impact on the rate of emission of fugitive dust include the extent of surface 

compaction, moisture content, ground cover, the shape of the storage pile, particle size distribution, wind speed and 

precipitation.  Any factor that binds the erodible material, or otherwise reduces the availability of erodible material on the 

surface, decreases the erosion potential of the fugitive source.  High moisture contents, whether due to precipitation or 

deliberate wetting, promote the aggregation and cementation of fines to the surfaces of larger particles, thus decreasing the 

potential for dust emissions.  Surface compaction and ground cover similarly reduces the potential for dust generation.  The 

shape of a storage pile or disposal dump influences the potential for dust emissions through the alteration of the airflow field.  

The particle size distribution of the material on the disposal site is important since it determines the rate of entrainment of 

material from the surface, the nature of dispersion of the dust plume, and the rate of deposition, which may be anticipated 

(Burger, 1994; Burger et al., 1995). 

 

An hourly emissions file was created for the discard dump as well as various storage piles.  The calculation of an emission 

rate for every hour of the simulation period was carried out using the ADDAS model.  This model is based on the dust 

emission model proposed by Marticorena and Bergametti (1995).  The model attempts to account for the variability in source 

erodibility through the parameterisation of the erosion threshold (based on the particle size distribution of the source) and 

the roughness length of the surface. 

 

In the quantification of wind erosion emissions, the model incorporates the calculation of two important parameters, viz. the 

threshold friction velocity of each particle size, and the vertically integrated horizontal dust flux, in the quantification of the 

vertical dust flux (i.e. the emission rate).  The equations used are as follows: 
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where, 

E(i) = emission rate (g/m²/s) for particle size class i  

Pa = air density (g/cm³) 

g = gravitational acceleration (cm/s³) 

u*t = threshold friction velocity (m/s) for particle size i 

u* = friction velocity (m/s) 

 

Dust mobilisation occurs only for wind velocities higher than a threshold value, and is not linearly dependent on the wind 

friction and velocity.  The threshold friction velocity, defined as the minimum friction velocity required to initiate particle 

motion, is dependent on the size of the erodible particles and the effect of the wind shear stress on the surface.  The 

threshold friction velocity decreases with a decrease in the particle diameter, for particles with diameters >60 µm.  Particles 

with a diameter <60 µm result in increasingly high threshold friction velocities, due to the increasingly strong cohesion forces 

linking such particles to each other (Marticorena and Bergametti, 1995).  The relationship between particle sizes ranging 

between 1 µm and 500 µm and threshold friction velocities (0.24 m/s to 3.5 m/s), estimated based on the equations 

proposed by Marticorena and Bergametti (1995), is illustrated in Figure A-1. 

 

 

Figure A-1: Relationship between particle sizes and threshold friction velocities using the calculation 

method proposed by Marticorena and Bergametti (1995) 
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9 APPENDIX B: EVALUATION OF SUSPENDED PARTICULATE SAMPLERS 

Suspended particle samplers can be filter-based or non-filter-based, intermittent or continuous and off-line or near real time.  

 

B1: Filter-based Monitors 

 

Filter-based monitors include various off-line samplers, such as stacked filter units (SFU) and sequential air samplers, and 

certain continuous real-time monitors such as the Tapered Element Oscillating Microbalance (TEOM) and the beta gauge or 

beta-attenuation mass (BAM) monitors. 

 

B1.1 Filter-based, Off-line Samplers (SFUs, Sequential Samplers) 

 

Stacked filter units and sequential air samplers are most frequently used when elemental, ionic and/or carbon analyses are 

required of the measured particulates. Filters are required to be weighed prior to their being loaded in the sampler for 

exposure in the field. Following exposure the filters are removed are reweighed in a lab to determine the particulate 

concentration. The filters may then be sent for elemental analysis. Teflon-membrane filters are commonly used for mass and 

elemental analysis. These filters do have the advantage that they are economical to purchase and operate, can be operated 

by site personnel with limited training and provide results that are directly comparable to the SA daily standards. 

 

Sequential air samplers with sequential dichotomous configurations splits the PM10 sample stream into its fine (PM2.5) and 

coarse (particles between 2.5 and 10 µm in size) fractions - collecting the fine and coarse mode particulates simultaneously 

on two different filters. Certain of these systems (e.g. Partisol-Plus Air Samplers, Figure B1, have capacities of up to 16 filter 

cassettes with an automatic filter exchange mechanism. (Filter changes can be triggered on a temporal basis or based on 

wind direction.) Once the 16 filters have been exposed, the filters would require collection and replacement. 

 

 

Figure B1: Partisol-Plus Sequential Air Sampler 
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Key disadvantages of off-line filter-based samplers such as the SFU and sequential air sampler include: the labour intensive 

nature of this monitoring technique and the large potential which exists for filter contamination due to the level of filter 

handling required. Real-time measurements are also not possible through the application of these samplers making it 

impossible to identify pollution episodes on a timely basis. 

 

B1.2 Filter-based, On-line Samplers (TEOM, BAM) 

 

The TEOM operates by continuously measuring the weight of particles deposited onto a filter. The filter is attached to a 

hollow tapered element which vibrates at its natural frequency of oscillation - as particles progressively collect on the filter, 

the frequency changes by an amount proportional to the mass deposited. As the airflow through the system is regulated, it is 

possible to determine the concentration of particulates in the air. The filter requires changing periodically, typically every 2 to 

4 weeks, and the instrument is cleaned whenever the filter is changed. Different inlet arrangements are used to configure 

the instrument. TEOMs can monitor PM10, PM2.5, PM1 and TSP continuously.  Data averages and update intervals include: 

5-minute total mass average (every 2 seconds), 10-minute rolling averages (every 2 seconds), 1-hour averages, 8-hour 

averages, 24-hour averages (etc.). The TEOM has a minimum detection limit of 0.01 µg/m3. 

 

Beta attenuation monitors collect particulates on a filter paper over a specified cycle time. The attenuation of beta particles 

through the filter is continuously measured over this time. BAMs give real-time measurement of either TSP, PM10 or PM2.5 

depending on the inlet arrangement. At the start of the cycle, air is drawn through a glass fibre filter tape, where the 

particulates deposit. Beta particles that are emitted from either a C14 or a K85 sources are attenuated by the particles 

collecting on the filter. The radiation passing through the tape is detected by a scintillator and photomultiplier assembly. A 

reference measurement is made through a clean portion of the filter, either during or prior to the accumulation of the 

particles - the measurement enables baseline shifts to be corrected for. 

 

Application of filter-based, on-line samplers such as either the BAM or TEOM monitors has several distinct advantages 

including: 

 continuous, near-real-time aerosol mass monitoring; 

 self-contained, automated monitoring approach requiring limited operator intervention following installation; 

 a choice of averaging times from 1 minute to 24 hours; 

 low labour costs, minimal filter handling and a reduction in the risk of filter contamination; and 

 non-destructive monitoring methods providing the potential of supplying samples which may be submitted for 

chemical analysis. 

The TEOM is US-EPA approved (EQPM-1090-079) as an equivalent method for measuring 24-hour average PM10 

concentrations in ambient air quality. It represents the only continuous monitor which meets the California Air Resources 

Board acceptance criteria for 1-hour mass concentration averages.  TEOM instrumentation also has German TÜV approval 

for TSP measurements. Not all beta gauges are US-EPA approved, with only the Andersen (FAG-Kigelfischer, Germany) 

and Wedding beta monitor having been approved. 

 

The performance of the TEOM and BAM monitors are compared in Table B1. The TEOM tends to perform better than BAMs 

in many respects, particularly with regard to the precision of measurements made. An additional advantage of the TEOM 

(14000 series) is the optional inclusion of the ACCU system. This system allows for conditional sampling by time/date, 

particulate concentration and/or wind speed and direction. The application of the TEOM in combination with the ACCU 
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system could therefore allow for the assessment of an operation's contribution to particulate concentrations occurring at a 

site on an on-line real-time basis.  

 
Table B1: Comparison of TEOM and BAM performance 

 TEOM BAM 

Principle of operation 

Measured mass on a filter based upon inertia (as 
fundamental as gravimetric method). 

Inferred mass on a filter based upon the strength of a 
radioactive beam. 

Measures only mass (represents a true mass 
measurement) 

Do not measure mass but rather the transmission of 
beta rays 

Advantages and 
disadvantages 

Performs well under varying humidity conditions.  
Samples and measures at a defined filter face velocity 
and conditioning temperature to ensure standardized 
data under low humidities 

Can produce erroneous measurements under 
changing humidity conditions 

Not sensitive to particulate composition since it makes 
a mass-based measurement. 

Sensitive to interferences (site/season specific) arising 
due to: particle composition, particle distribution 
across the filter, radioactive decay and the effect of air 
density in the radioactive beam. 

Precision (measured 
by standard 
deviation) 

Standard deviation for hourly data: ± 1.5-2.0 µg/m³. 
Precision of ±5 µg/m3 for 10-minute averaged data. 

Beta monitors with strong source: standard deviation 
for hourly data: ± 15-20 µg/m³. Beta monitors with 
weak source: hourly data not acceptable. 

 

TEOMs have been found to typically under-predict actual particulate concentrations by a consistent amount (typically 18% to 

25%). In the US TEOM results are typically multiplied by a factor of 1.3 to determine actual concentrations (this single factor 

is made possible by the consistency or high precision of the instrument). TEOMs tend to be less effective in environments 

with elevated nitrate concentrations or high potentials for the adsorption of volatile compounds on particles. Beta attenuation 

monitors perform poorly in areas with soils that have a radioactive component. 

 

A common disadvantage of the TEOM and BAM monitors is that they all require electricity to operate thus limiting the 

potential sites for the location of such monitors. A further disadvantage of the TEOM and BAM monitors are that they are 

relatively costly to purchase. Despite the relatively high costs of purchasing continuous real-time monitors such as the 

TEOM and beta gauge monitors, significant savings can be achieved in the operation of such monitors due to the low labour 

costs and the minimal filter handling required by these techniques.  
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Figure B3: TEOM sampler linked to the ACCUTM conditional sampling system 

 

B2: Non-filter-based Monitors 

Real-time but non-filter based monitors include the TSI DustTrak, the DustScan Sentinel Aerosol Monitor and the Topas 

Dust Monitor. Several of these monitors can be solar-powered negating the need for selecting a site with power access. 

Such monitors measures particle concentrations corresponding to various size fractions, including PM10, PM2.5 and PM1.0, 

and comprise many of the benefits of the TEOM and BAM monitors including: 

 continuous, near-real-time aerosol mass monitoring; 

 a choice of averaging times from 1 minute to 24 hours; 

 limited operator intervention; and, 

 minimal filter handling. 

 

B3: Data Transfer Options 

Although most analysers have internal data storage facilities, logging is usually carried out by means of a dedicated data 

logger (PC or specialised data logger). Data transfer may be undertaken in various ways: 

 downloaded intermittently from the instrument - PC link cable required; 
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 real-time, continuous transfer via telemetry - telemetry control unit required; 

 near real-time, intermittent transfer via radio link - requires transmitter & license to use frequency; or,  

 continuous download via satellite. 

In selecting the data transfer option possible future accreditation requirements must be taken into account, e.g.: (i) raw data 

is to be kept for minimum of 3 years, and (ii) all manipulations of data must be recorded. 
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